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CHAPTER 1

Introduction to the Issues

Tnc.,.e " DO shortage of """u1ls ,~d hoob offcri"g ~uJom "" low Lo.ck hc,lth. Autno.-.
ronge from t.I>ose "'iln fon".1 ""'d....1or rch.lIili ..t~Ml t..i"i"g to 1>;'1'"",>10 ,,'1>0 ho,-. found

.n 'I'\'nxu:h 10 ,1I.,'iOle lh.i" own h><k lrouhles '''d hecome ..If"prod,irn..1 low Mel: h""hh
lm>phe",. Their In"""""" ue h"...o.-.bk. hut the" ,<h'i<e i. r:I«I)' h.",oJ On. ><JOnd ••:irntihc
IWnd"ioll. "[00 "un)' of tnes< ""hors off<r in,pl"Ollri.te !tto"""end.ti"", or ",'''" h,n"ful
",ggestion., Ye." 'go. " I beg,n I" tb'''\op ..o<mifie in,.."'t;g>li,,,,, inlo ",nou, ''l'''''l' of low
h.ck proh!...... s, j would .,k In~' !fT"d"",'e ,"'den" to /ind the "-"1e~,ihe hmd.ti"n for ",.ny of
tne "",,,,,no,,..,,,,,," rero"''''end,ti",lS I "," "",.ring both in tho dinie .nd in indu"ri,1 settings.
'I" my surprise lhey often "'f'O'l.d th'l ,he lil....tu'" yieldctJ no, or '·<f)·lhin. ",'idence (nOle
,h" I eh,."" my "",l.."," <..,ofully .n,1 'Mt ''''-1'.re '''f)"''''''I",'o'lt .nd rdi.bl"j. Enmple< "f
such thinly SUll><J<t«l ",,,,,,,oon,,,,,,,." m:otn"><nd"io",, indud. the foIlo.,iog:

•

•
•

•

• Bend the kn<'CS to porfun". ';t-up.

Iknd Ihe kn"", on" 1:".,1' ,h. Mck Slr'ight 10 pononn • lift.

T.h )"Ull"" .nd Pilot"" d.»<_th<'j' .'" good for- the b><l:.

R..It..., lhe 10,,1 being h.ndl«l in order 10 ,«I""" the ri,k of b><k lroubl<:>.

Stwch 'he lum,"ing, if you Iu,,, • M,I Mck .ru! log ["in.•nd '0 on.

In r."" o""h of those "'<:<lIll1nen"Olion. m.y be .ppropri'le in """e ,;",.,ion, hu'.•• ",ill he
sho"". nut ,n ,II.

l'he f,mouseron<",'i"John Kenneth G,Ibr-.i,n ~'" ~'dl k'''''''n lOr Je'non""'ting tn" octions
t>.",,1 on common ~·;"Iorn." I",,, ;n """nomic te""'. ~'I'" oft.n ,loom.,1 to f.iL H. H"." th'l
ronunon ",i"bn is g.,ner:lll)' neither «munon nor "'>e, G1I!>ni,h doquently ..I....""'d enetl,'
""h" [ h>d <.,peri'JIC<J "'ith "diniul "isJot"" [><n,in;ng to the 1..... bod," ,\I.n)' ""''''J'l' ..
p,,"'enl;n~ low b><k lrouhJ., .n" r.h.bilit>,ing ,yml)(om'lic on., h",.. r.il..! simpl)' be<:a"",
-he;' rd ..~I,,,, ill-«lI><ei..,,! dm..-,I wisdom. Thi, hi"'")" "f fo.ikd ""ml'" i. I"nirul.r1~'un"
ronun>te l"""u><: i. h., lent <:rc<knc.: to the ,,,,,nio,,, of • n",,,be,of it",,,,,,,,,gl)' ,,-dl-lJlO"'"
".uth"ri,i.," Ih'l ""',bock inj"')" p""'rnlion ,n,l ",hohilimion p"W""".'" • "-,,,,o£.-e:IO\<rces.
n,.,,,, .uthon'",' cbim tlut ,he l""'~lnt)"of k",' I""'k prol~ol11'''' un' o..g.nic ...Il--th...
~>t" ...."'pk. ,,""'t "f th..-« difflcul'i'" h,,'. """n>li""dl><>.':Iust ",ork,...re I..id '00 ttluch fur
ini"ry compon",ion. h"", been 'Ol>i«t 10 l"ychosoci,1 inAuences, or cr,,'e .pnpuhy, Th...
'~,.nis"'l. "f I"",k injury .'" no' lu,rih«l. G.ck injury pro,'on,i"., .",1 r.h.lul"";',,, prog"'In'
""th "rong «::ie"'ific fowKlotions. "","-'Utt","••nd fUll",,'-up ..,>" lot: dTecriv•.

H."ing 'M«Ithi" I must ""~_'I""g< ,h" iustifying impn_"-.J r-'Clio:e on sci.."'tiflC ",'i_
,knee i" ,IJ"'In'cp"leeS>. With no", ",i,knee. the foorul.tion ",iG eh.nge, To .eeount for such
ine,i ..I>I. ,hif". I h"'e de...lo".d • h,l.need 'PloroKh in the'" l"ge', n.,i""ing the "><.'1' .nd
li.biliti", on" Of'J'C"ing .';.,,', of on .rgu,,,<nt where 'I'\'''-'I'ri.... Rut r.ir " ..,ning! As ~'ou ",.J

,
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'hi' book, be prop,rod 'u ch,lIenge CUrrelll ,oough...nd rethink cu,,,,ntly ,,,,,"pltd "",nices
of inju'y I're'o.. n';"n .nd '1'f'1'<).ch.,. to ,eh.hili,.t;"n

Thi, eh'I""' "ill f.omili,ri", )"U ,,-ith 'orne of the deh."ble i"u", regmt"'g klW hxk
fUII(1K", tog~1lkr ,,'ith 'o"'e "l~ni",,, thor ,..,h,bm"ti"" prof""ior,.l, hold .bou, p"ien..,
di.gnosi .. ",""pen",;"n, .nd di,.hiliry, It ,,'ill ,Iso eq>l"", ,he eirC\'msl>n<"" thor I""d '0 l"cl
'"Iury .n,1 di""" the nc"1...! '0 '1'I,ly thi, Imo"-I,,lge to imp""-o low b.ek iniul')'p,,-,,'entK'" ,n,!
roh.biliu.ion,

Legislative Landscape:
The Unfortunate Adverse Impact on Bad Backs
AI,hough mo,' Iegi,l"iort .n,IIeg>1 .ai,'ily in,,,,Is'ing h.d h.ck, ore en.",,,1 ,,-i,h good i",on·
'ion>, much " o:",nlC"l"'~!UCb,'e. A good ...mpk i, the ,<sue of 'p,ne "'nge of n~,tion (RO.\I).
The A"'etIC.n ,\ \e<iJ".1 A"oc,",ion (A.\1M guiddin.. (1990) rot 4u,ntifying 'he d"l!""'" urln"k
c!i""hili,y ore ho<ed ,nos,lyon los!; of ,pine RO.\1. L."'~,, .",1 compen",;"n boord' ,h" netd
numhe" fn.- 'nc pUIJ""" of defining di"hil,')' .nd ,..,,,,..ding ""mpen,.,K", 10",. l"ehed on'o
'I,ine RO.\\ •••n objttl:i,,, >lid r"il~' "'e""",d r""or, In the kt.1 .fen., '"e"'M is c1m'itkrod
>o""..,fl,1 ,,-h.n the 110.\1 Ii" heen restorod '"'' 10'" i"'pro,'ed.

Scien'ifie ",;,I<n"" suglf""", I><,,,,,,,'er, th" .fto, hork ini"'Y' m.ny people do n<>! do ".11 ,,-i,h
III e",ph.si, "" "n)l>'I<.ing spine "IObi)i')·. In 'ome t·...,.. l>ock 1""Llm!>.'" ...·m.lly eu"",­
ho,ed by ,hi, 'I'f'~h. In f.l"" e"iden"" sh",," thor m.nf hork,ni"ri", i"'p"""e "i,1i ".hili,jng
'l'f'I'Ooeheo-nlOlo' con'rol ""ining. "nh.n<omon, of m"",I. en,lur>occ. 'M ....ining wi'h 'he
'I"ne In , neu,,,,1 po.ition (S.. I ."d S.. I. ]')89, "'.}' he tunsitk,,-J ,he d ...;., wori), Ou, ,,~'"
=en, "-ork ha, shu~'n 'hOI ,"",,-din..nsioo.1 "",. boe~110,\1 ha. oorom,b,;"" to fu,let'onal ","
.'"ore< OC ",-en tho .h,lily '0 p<rfum' O<CIlp>tion.1 wo<k (l'>rl«. >I., lOOn In ,he 1Je<' I'''''''ico,
,pin" flc';b;lit)· rn.~' not h" e",ph><i,ed un,il the ''CI')' lor" ".~'" of ",h.b;li",rion, ir "''C'.

1-10"', 'hen, did thi, ide, offle,ihili,y " 'he bes' n....u.. of""""""f"1 ,.h.bili,."on bt:co",•
.., en"e""liorl? The CUIT.n, mo'rie for dete""in'''g rli"hilit}' .1'1"'.... '0 hos.. been eh"",n
ro, l"g.1 ,-""",-eni"n,,, ",.h", th," ro<. I"'SI.i,-. i",pot~ on low hoek «nuhl", Tlie ,'ur",,'
bndsc'l" crOH"'. ,ew.rtI ')'SI'"' for ,he"py ,10" ,rgu,blj' ",ndec' op,i",.) reh.bili,,­
,i"". I'erh.ps ,ho criteria for <l"er",ini"g ,Ii"liili,}' "o«! '0 he «.sse,se,1 .nd i""itied ,,-i,h
...ientlflC e,irk""e,

Anothe••""npl. ill"""",,< ,h. I""".rse i",p.", of ,,-dl-i'n.nded equi,}' legisl"ion. We.1I
10"'0 «lu.1 rights undor ,he I.,,', hut "'e'"" ,...,.. ph)~"'.1 "1u.I •. Although indi,;,I"al ,~riance

.. I",,,,,n< In ",'cry gm,,!, d,fferen' l'''l'"bti",,, within ,,,e;ely de"'onstr"" q"ne diffe,en'
rapal.li,i... For eU"'IM, the do,. of)'ger ."d rolle,gues (19'11). rornpilrJ from ""n;- .."dies,
ele..ly shu"...1 ,hot young "'." e.n ,,,10"''' "'0'" COInp""",'" load &""n thoir h"nb.r srino«
'hon .... " older","", ,,,d 'innl"I}'. men elll "~''''lC .1."" on ,ddi,;on.1 '1i,,,1 n""e ~"d 'hill ran
~u,,>cn ~-hc1, ",."hed fu, 'ge. Yet hw"," righ.. kgi.b,ion. ",h",n i' tk<ign.d lUcre"e r,in"..,
.nd "1"i,), by di"""''''ging di"inr,i"", .mong grO\'ps, .,,'w,lly pnts old.·.. fe",.les ot gr'",er
nsk .hon )""nger men. By"''' ,1I"wing. M'j"eor-<~dO"e<'f">mtie """,on~, he tre>lcd (,n,1
prot"'-',.d) Jiffi.'",,,,I)' from. 10-l",,-oM, fi,. 90 19 (loo Ib) m.le m t<nm of ",le"ti"l1 spine
Iood, the kgi,htion l""",nlS , n"for hor,;"r ror in,elligentl), implem.nting tol.",,,,,,,·ho,,,d
guiddin.,. I'm- pro'''''ing wo.-ken.

Deficiencies
in Current Low Back Disorder Diagnostic Practices
It i' ",,,,,,n,lj' f"~,ul" fut m.,,), .",IKJri"cs '" <uggest th" h.tl,rouhle i. DOt • med",.1 mllJi­
'ion. The)" ...." ,10., physi",llooding Ii" little to do "'i'h 10,,' b>el inj"ryrompen"";,,n d.i",,,
""hoc. <hey helies'o w",l"" c<~npl,inof h>ek pn~,Ie,,,,. in "rtlcc ,,, benofi, from "",r1r gmer·
ou, ('UOnpen..ti01' IlKbg'" or '0 (-on';nc'C 1,lirsl<ion. 'her ore sid. Ar.''UI'ding to this "iew, IIlj'
bior,,<:ch.n"'.II~' hosed iniu'Y pre"e",io" or ",Ii.hili .. ti"" l..-og:rnm i, u..lels, \",-;.bl"" wi,hin
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'he p'I"lIosoci,1 """1"< OO"in... ony b;"logicol or m<-ch• .u.,..1 ,~ri,bk. If <hi' i' true. <Mn <hi'
hooI< i, of no ,.,Iuoo-i, ,I,,"JI,I he .1:><"" l"I"ho"oci.1 imen'en'i"",

lBo,,, ...ho cofltcnd th.. 1"},,IKl><IC,.t foe"", ,hnin"e ~"" hIck i",uc", .re ..-c1l·I",I~i.h,oJ <c; •
.,nti"" ""I rh}"'" im'. F< Ie =mldc. Profc>",,- Rlch.rd Dco;" (199!1j ,umm.rizcd • co."".", '''''''
'Consider ,he fol""',i"lll..... do:t. The Americon """"omy i' ill<1"<"inl!ly flOSIi"duSlri.l ....i,h
I... he,,'y I'bor. more .u,..n"ion .nJ '00'" robotk,. "'d "'cdidn" I.., ronsiSlentl)' IInl"-,,,'eJ
Ji.gnoslic im,ging of ,he "Iline .nd de\'Clol'e<l nCll' ~l<'In, of .urgic.1 .nd ""n,,,r-gic>lther-.py.
B"t "'ork Jk.nilily caused hf Nck ""in h" .ste.dily ri",n." Thi, line of ",.""",ing ",""'es ,h'l
modem ....,,n (i.e.. mme .epetit;.... more ",rknto'J) is h.... I'Iu,,, h,,- 'he hock 'hm 'he pre,~mu.

n,ntly phy,icoll>OOr of 1"" !!"lIcr,tiOllS. Th" ",'ioc"..e 'ulll!<>t.. I""...""r. 'h" 'he rqlCti,i,'"
n""ion, "-'luirctl b)' '0""" '1>«:;'li><:d rttodcm worl. or 'he ..-oc",,,), n'tore ch,r.><tt6,.mg
",he", f"'O'l""" ,bnugillg hi('.oech,"icol " ............ In focr. ,he ,.,riety of "'or\: l"',m.meJ I~'

... ' !l""'".g..,mdl"'''''''' n"I' h"'e heen fo.. he.lthie, th." "'If 01"", Del'O 01", "e',,", to ..,,,,,,,
'hot nrm"''lf'''"1 the...p)· h", heen ol'l'mpri"dy eho"'n h.. e.eh i",li"i,I",I, "·he,,,.. I .uggt-""
,h.. tn,pl""I";OI" ,h"r.p)' pr,,«:ription, ""noin ~ui'e CUI'''T'''''.

!'unhen""",••I'hough I ,grrt-" 'hot there i. ,oore ,di'n<" "" TIlc-wc,1 im.ging. I "-'".....,
,ho< ,hi, ..Ii.""e has """tteJ in • Iou in ,he m<'eh.nicolly ~l di>gn<Wic .~;II, that are •
('n,.;i.1 focto' in ooc"..... di.gnosis. [n"">linglI', IlUgnet.i< reson.nce irn.ging (.\\111) h., been
d,><",,,,,n,..1 '0 find_'''''''''g ",he.. fealU .........li'" hul!!"" 'mphie foce' ~,in,," ""I ·oc!!"ne....
tin di", ,It",.",," l"'~ ,h..., h.n linle ",10",,,,,",1' '" "'he,her me indi,idtlOl ho, I"in 01' not.

Gil>.son .nd wU",!!"", (I9llD) prt"S<n' ",iocnc" t"Clf.rding ploin fil", ..adiogrophs: .nd AlcCill
,nd \Ingling (1999) ,nd Zh"" ,nd coll ••gues (.?005) di«:u," \I hI' 'och in",!!"", ore "."I'"'",i",d
in sI"wing ,<1,,,1 J..m.ge, S,,·,~ on,1 oo...",k.... (1997) ,IlO"'oo <here i' li"le link bel ...'.en
'he illUll" .n,1 ,he ",,'ien", 'Imp',.n.. \\"n.." ~"""ri,,,, the imoges.re of ll"'" ,.. Iue for ,he
",rg""" ,,'t... mllM '00' (lII' 'he pain.· hu' only if 'he im.ge finding '-""TOl1()n'e,; 'he specifi('
dini....l <}'''I''''''1> of 'he I,,,,,,n,.

Prof.ssor Alf Norh.,,,,,,,,, (l99.?) "'rOlc ,h.. ',,10:\, cos< «",,,ol ""dies of cr"''''''''ion.1
design ,h.. ha"e aJdr~ ,he ,neeh.nicol ,nd I"I'chosoei.1 fino', innoendng LBP (\<I...,I"c~
""in), ilX"l",ling joh ..ti,foctOon. ho"e concluded th" 'he 1.,,<1' rial' ' more import.nt ,ole ,han
'he ",'en.,i""ly ,n"hc~1 mech.ni...1f,ct""," r., none "f<he ,,",'e...1...ference, ciwl to '''PI'''"''
'hi' opmi"" m.de re.son,ble ~um"fi,.,tionof <he ph,~ic..1,ob demond<. Ceneralil'. 'hos< ..ud­
,c< ,ho"'ed 'ho' p'l"ho<oc'iol ,..noW"",, ""re .doted '0 10", b,d ,rouW"-:s. btl' in 'he ,b"'"tt of
mea",ring med",,,i... ll,,,,di"l!. ,hey had tlO chalX"elO ""alu"e ,loaJing rel"ion,hip.

Fi..,lIl·. D" NOI',in [h,lIe.. (1[H)[) h" been r:uhcr '>\I,,,-.::>ken. " ..ing, fO< enmple. ,h" 'i, i.
ulX"ko.. ..-he,he' 'here i••ny meaningful .~"ion I",""""n u,honten' .",1 'h"'hling region,1
m",,,tll,,,ldetol diso,ocr< h" 0 ,,,rk r.nge of phy>ie,1 di..".,Ic.,.,· ."d <h"'",, the othe.. hmd.
ne"I),.1I ",ultl,.,ri"e en", «!<~~Jllal and Ion[(i'udinal "ud'e> dc"'gnc'tl 'u [><ohe for ."",-·i.­
'ion' bel'Olld ,he l"'l'Sicol delll.nd of lOSks, dctC"<l a<soci.Uon, ...'i,h 'he p.,'Cl\OSOCi,1 "'''''''' of
...",king.·

R""ent c,,'idenr.·e cicody '00"" ,hot. 'lthough 1"),,h''''><.-i.1 foe"'... e.n be ,mport.n' in
,noduf.ting p,tien, beh,,·ior. bio,,'eeh.nic.1 "''''pot,en" ore i'''J>:>r"llt in I",ding ,,, low hocl
di,.:mk" .nd in ,hei, p.""en,;'"" The I"",sititm ,h.. hio<llcch.nics pia).. no role in ~k h...lth
",d .cti'ily ",le...nce c·.n be held ''''I;' hj-' 'ho.e ",10" h"" nc.".,. perfortncd php.e.lloho< .n,1
ho>'.- ,\0< "-'I><rie"c't."d fi ....h.nd 'he ""ork lll"~hodo 'ho' "'uSl h., e"'I>Io)'ed '0 ovoid di..Wing
injll'Y' While the scienli(1C edrkoce i, ,hsoIutdy n"",,,,,'}·. it "'ill "nil' confinn ,he w'iou. '0
,IK,.., whll hOl'e ,hi, expe",,""", I find" [>en'e""ly .. ti.f;ing when ph,";";.." tell me 'h" 'hey
,re oow, .nor ,,,i,,in~ woo .. o r....ult of, n.,,}· hod '1,i.ooe rel...,d lO rh,~icol ...wl<, .hl" '"
,d.,e '0 ,heir "",ien", Pe,h.1" "'1"'""""" ...·i,h • ,·"iety ofhe."}" work .nd ",'i,h di ..\~ing p.in
.t.<..I,1 he «"lui,eJ fill ."me m",I;""

It i" tll<'ll ....."'"ti.1 '" """>liga'e 'nd undcrst:J.ntl ,he linb a"lOng Ioodi"K. ti""" d,m,ll"
01' i'ri",ion, I"I.,;!l()So)Ci.1 f,,,,,,,., .nd perform.n"" to pO}>'i<!c d"", for ,h" rksign .ntl imple.
mentoci<", of hener pre,,,n,i,,,, .nd rch.hiliulion Sl'ra,egic. for k",' h,d lmlIl~«. Founded on
,Iri. ruhric·. chopt<" 7 ...ill "length"n ",«.,k for p<rfonning p<O"'><.·"i,,, '''''inl! '0 di"",,'" 'he
CO"", of • I",i""" p.in .nd "'ill Jl"O"ide .n ,I"",rith", 'n g"io. ,hot Ol'l"o><:h. I" ,h" follo",'i"g
section, 1 ...ill ,<1<1 .... ",wrol '"l}fTlmrml}' held bdid, ,I-.::>u, luck iniu')',
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Is It True Thai 85% of Back Troubles
Are of Unknown Etiologyl
J.cn,. t.><k injury ' .."ort, ofte" nltn'~M' ,hr ".,i".(' ,h" 85% oflo... t.><·lltUtllJl.., ,,,,ofun .......''"
",i,Jog}', Thi, No, Ird to ,h. !""PUb, belief 1h" di",bling l"ckt,o.,bles ,re i"",'it.hl••nd ju"
h'l'I"'n, • "'te"len' ,h" defie" ,he "I..ho... of li'er<ture linking 'I""'i[,e mechmical SCt'n"ios
00 'I"'<ific ""ue d:m"!\", So:Mne h,,-e ,rgued ,h.. thIS '."<",e'" IS "nnp1r ,hel'roJ"", of 1'0'"
di.gnosi.-ur of clinici,n, 'eaching ,he end of ,heir "'I"'rti", (e.g.. Finch. Im), I" (.i,,,.., I
mn",["",in' ou, Ih., ,li,gnosj, of<e" ,1"",,1U1s "" ,hr I""f,,,\ion of ,h. di,gnostici.". E.eh gt'tXlp
,nem"" '0 idtn,ify ,he prim.!)' dpfuncrion ",-ultding 00 its I"ftieulor type of trr..",H:n" For
""",,pie. , phy,;",,1 ,heNpi" ~ ill.nemIX di,~"i, to H">dc <kci"io", "'K',ding """",1 ,her'l»'
'I'!"'-"'.h,... whi)" • su'll""" m'r find. ,lugnosi, di,ect"'! 'ow:ml m:oling "'rgic.1 clt-ci<iorJ, """"
hrlpful. Some .·~nid.", ("''ll'"'''''' for enmple) ...",l. " ....,fit· ,i«"" ... p.i" "",did:"e. From
,hi, pc""""ti •..,. ".1'. lJIoclo proc.d"",,, h••·.. sho-o" co"d",i.,. p.in KIll''''' di.g""";" ill 1>'011
''''e' 50% o( co... {e.g.. Ilogdoleol.. 199fi: 40nl .' .1., 1'1%; l'incb. 1'199). Thi, hos p"""pred
",",,,,,,h "'h' ",hieh ';''''K''''' inncr".,,,,I.,,J .rr e",dido"" ., p.in 8"ne",oo". Bioo"eclum'"
often .rgue ,h.. thi, ""J' be irrelev;;nt sine... ",i"" ~ i,h 'h.....d bi",,,,,('h.,,ics h.. ,Item! ,i"".
>I'...... Thos ,dom,!!"d ti""e m'r"'"'" ",,,,lood "" 'YlQlher (i""e. """,ing I"in ~'he,he, ,he
<I:m"!!,,d """".,, in"en..'ed 0' not.

Thi, i" why o'h.... di"ici",,, e"'I.k,)· ,laU.d I......."".ti'·. mech",ic:ll k»di"g of"lrtific ,i".....
to ""'..11hose th>! hun, 'It .t leo" '" ,,,,..,.IIo><ling I"uem.. 0' molio"" I"Uem" ,h., 0"'"
I",n. Th,,,,, 'n"" o( functx1l1.1 ,~,!!", .....re helpful in de<igning th....py .",1 on <le",I'~""g

Ie<> j"inful motion I'"".-rns, bot ,h. 1''''''''''' of fu",-tion,1 di.g,""'" "'i11 be hindered l<j-' • l"",r
unde....n,ling of "Pine biomech.nic,. Funhen"o",. ,h.,.., .. i,h 0 ,horoogh unde""nJing of
,il< hi,..-"ech,nic, of ti"". d"",1C" em he H"i,kd '0 • !!"""",I di'gno<i, hy ""''''''rut·,ing ,he
i""ig,ti"g """,,!uni..l ",,,,,.,io. An .<!ditio,,,1 ben.fl, of mi, 'PI"""",h i" ,h" Once the '''0,"

i, ""<le..,,,oo. it con b.. ",n""'ed or ""Iuced. Unfo""n,,c1f', m,nr I,,,ienb COll,inue '0 h,,'e
'mobJ '" ,; on plr I.."".,,'" they eonli "oe '0 eng'ge in ,he mech.ni..l "0"', Forni Ii, n'r wi,h ,pi".
",,,,,honi,,, ,,;11 di,pel ,hi" ",}th of "ndi,~""ble t.><l ,rouble ."d redot'e ,he J'C".....,,,g< "f
,h"... ,,'i,h wck tlOOW.. of no knOW'n ,"use.

h.n wi,h , ,i",,,,,·h.,,ed ,Ii,!!",,,,,, ,h. pr-.crice of ,,,,,,ing ,II ""lien" 1>'1><> h,,.. , >pccifie
di.gn<>si" ~,th , "U1H"I" the",Pl' ho< not j>"""" 1'",,10''-;,,,, (Rose. 1911'1). For ...."'p\e. "ot"",-""
m", wi,h ''''''l' coneer ,heropies 8'"C.t1}' i,,,pr..,,,.d ~ i,h ,he combin"iol1 of rhenll>thor,pj' ond
..,Ii<~h,'T:OPl" Option,1 hoel reluhili"tion ,eqoire:! ,.",.." ..1of ,he",o.« ,n,1 ,he ,d<lition perh,!",
of ...1>,101)'. ""nllOl ",ft ,i,,,,. ,h,n!,}'. or ",",e,hing d", del",,,d,,,Io(Oll the ""im', Fe...·I.. 'x,·n"
f,1I in"'. "ro",pl". fl," fOl" fon",ion.1 di,goosi, "h,,,, • sinH"io, 'Pl~'h "ill yield op,i",,1
resul,,,. !\orh for imerpre'>tiol1 d,h. Iite ..""e ond in. dini..1,lecisi"" ""king. i, wo"l,l 'PI"'''
pruden' '0 q,,('<t~1l1 ,he di,l!'u,>tic ,.,-,1<.,-,. ",,<tied he~..-•• gi,,,n d..gnosis i, ....gn,-.l.

Lin';1:Iti",,, in ,i""..-o..<cd di.gno<i" .0001d not be o<cd '0 ''''If!l'''' mot dct.n"ini"l0( the CO"S<

of l»d tmol:>l<:< i, i""I",·.n' or ,h.. ,he ",.nu,1 0' ",,,,lie.1 "e,Itnen, in <orne e,se, i, frui'Ies,.
I..,';ng !",}'-eh"."ei.1 'I~"o,che. to pn"..il by deb ..J!. hen gn-en ,h. curren' 1imi..",,,,>. ,he
di.gno>tic 'l~'''''ch "p,oooctk. ro, H"idinl( pr",·.",ion ,,,d ,eh,l,,;li,.,ion ,pp",,,,hes. Bo,
,,·h., i, ",..ot hy ,hi, ".pproocb"? Re.d ""~

Diagnosis by Hypothesis Testing
G<:ofT M,ilbn<i (1981), ,he A""'Nh,n physiolhe..pi". }'''''''ll'' pm"'o,e,lth. coocep' of
e",,,,i,,inlo( the I"lien' ,,,J f<H'1l1ing' "",bng h)1....-1>,,,i,,. n.. hrpo,ht'>i" ,,~. "",1 '0 H""le
,n:-mnc", ,nd pro;«t ,he l><OKnos;" Th. hl1'o<he.., "~,, ,h.n ,,,,,ed .nd ",firleJ .. ,.h.l>ilol>­
,ion progressed. On' '\'P',,,'ch, "hieh inco,!""r..e, 0 strong hiO'ne<;h.ni",,1 IOOn<l"ion .nd
blend. experti", from ,,,"',,,, hUMnedic:l1 ,n,lj,,}-eho,oc;,1 ,Ii>tiplin",. i. """"',PJ .~gn,-,l ..i,h
M.i,l,nd'" propo"iti,.... An ini,i.l i"'I""""'X'" i. ron".d fnu" ,he liM "'erting of I",;"nl< ,n ,h.
"',i,ing room-from ohocning ,hei, ,iuing Jl'O>lure. how ,hey' ,i!-< froI" the ch,ir, ,hei, ini,i,1
g,i, p"'em. ",,I -"'''''. n..n , hi"O<}· i, ",k." '0 1001: f,or I"""<il~o ca",~d"e injo'J mech.ni"",
'" ""II .. peree,,-ed I..in ex..:erl..,ors .nd "'10.,...... Oh"""..",,,, ",,,tin"." dorinlo( ",,,,.l..,i,·
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""""ion potter", .. ,he ",,,,lu"ion 1'fOCeS' I>l"()(ftJs, <l<h'i"g funh.r i"lU ,he ,,,,-",,,h,,,ies ."d
n"u", of the <j'mptoms. Then p'O''OCI'i''e ,es" ore I"'rfonned '0 either "",nglhen or ~'••~en
,he hllx""e";., Motion ""I 'IX'''l< p.""m' ,h" ...., 'ol....'e'l '''' i<l<n,ifi,d. All info"",,';on i,
";eJ '0 form ul... ,b. I'! '0 fur <'(,n'"""", ...rei« .00 ,he st. ni ng clos:ag<: of,oI<roLIe the I 'ic
exercise. The pn>gt'eSSion oond"dc. ~ i,h ftm",ion,1 ,."..,,,n. ,nd ,e", ,h>t ..e c"'-n b ,1 on
,"~",n";on,h.in,,1 in ,he p,,-'<.·o<linll proc.... In ,hi. ""y' funcf~>rull '~'IIIX"'""cn,ure..J ,ru.,
i. su/liden, fur ron,i<l<ring .""rd"" d"",'C .nd m"" ofsubsC<juen, prot;",ssion. The ""tIS<: h..
~n i<k",i~",J logem« ,,'ith 'lIDp"om, of .bnom,.1 "lOtio" .n,1 mO")I" p""ems. The rou....
of p"",,"'ion .",1 ",h.hili",tion now Ius ,orne qlUn"...ti,.. gui,ling p,r.mete".

Is It True Thai Most Chronic Back Complaints
Are Rooted in Psychological Factors?
\\'hil" ,here i, no doub, ,h>! """}' chronic b>ek c•..,. h"'e ps}x-hoIogiul 0' .rhys. thc ,"g1'if,­
cone" of f"ychok'ID' for h.ck problem. i, olie" gre.. lye..gge"'le,I, D" Elle" Thompson (1'197)
COIn,xl ,he f'h...sc "bankrup' ",,!,,--nisc" when referring to spine do<~ "OO'IT un.bie '0 guide
in'p",,,,,"'''' in ,heir I"tie"", ,nd &f'ul, to bl,mi"l1 the potie"", ,,,d,h';r PSj'cho=. Th<:se
f'hysici.o, ei,her di,mi", meclunic.1 caum;on or .,,"one ,ru., meclunic.1 cau,.,ion ru., I",en
,d..'luo,dy .tldr.,,,,d.

,\, our uni...,,,,i,)' clinic I "'" I",tie"" "'00 h.,'e 1:Je.,,, referred h,' I'h;'Sici.n, Wr consult. '11k:se
.re eithe, eli.. I"'rfo''''e", 0< the I'ef}' difficult chronic !:>ad hack, ~'oo h",,, f,iled ~'i,h .11 Ol'h",
'I~)(,(",chc>. In 'pi'e of ,he f,ct th.. the><: people h,,'e rn"i,..d Hf}' 'horough attention, I ,m
",-,,,ti"u,lly he'''~rol." '0 h""r .bou, ,he ",ini,n.1 notiee p,id '0 ""goill!!, I",,,,, ,,,...<so,... ."d
,I."" ,h" exercise<,h" , ...... "ba,k.. co" b;ocl," It".., I:Je.,n I""""'nbe<.! ,hot h"'e oolyeno:ri:>a,e<t
their ,,>n,li'~>n. n,., d.;, ~e~l<' I wrot. this _~~"', I 'Ow. d .."c example.

A ~'OI,"n h.d sulkreJ lOr fi,'c }'c'" on di,,~ili,)' ,nd h.J «en no f.wer ,h'n 11 'I....i.lis<>
from • ,.. riel}' ofdi",iph ..... Al,hough "" .....1hod ad.-no,,'k.lged ,h" ,he hod physical """"","'s.
her 'mul~.. we", lorgely .ttri~u'e<1 '0 men,,1 dep""""" She e<>n,i"cn'!y repon«1 heing
un<lde to 'oJ.... 'e '!....if.: .,:';,i,;", while being .bi. '0 toler". o..h..... Some l"'-"uea';,....st­
In!!, ronfinne<l her rel>on '''K'',her ,,'i,h unCO\,,"ng • p",'ioorJy "n,li.g~.nh",i<; hip. For
rea....... h,d heen f.imfullr foIlnwing ,h. imtruetion, of her h,,,hh <:Ire promle" '0 I"'rforn,
1"'1",,: tilts. k"ees-m-d"", str<.1che, Ii", ,hing ,n ,h. """",,ing-, ."J si'-UI'" to tok. I'H.T I.rg. d"l!'
for w·,Ib; ,oJ >0 on. All of these ill·chose" 'uj{g<SIioo, h><l P'"<'en.-e<t her 1"""'"0< disc ("i,h
",i.,ic.).ba>e<l 'muhie> from imp"",in!,. A. we will "'. I.ter. ,he>< 'JI"" of 'muhl", 'll'icolly do
no' ""'''''cr wi,h f1c.ion-~.",j '1~'''''IK'h<S---1,..rtJm)'rly first thing in thc mormng.•\ lon,,,..,r,
,he le.d-imJlO"'d lONon.llood; ,h., ,he e."",n.",,«1 t"\"ery ti",. ,he ....lkeJ her dog ..cet:<kd
her tole...."",. Al,l.xJgh she repone,1 '",muming ... "";or .""""rhl'oe of It", 'm"bl"" he<
he,lth ""re p""'id<TI had n<Wr ,hown he, oo~' '0 ,..eou", her home in • ""')' to '1"'''' her bad:.
I SU[l!lt:S,eJ ,h", ",,,,,,,,'ing ,he;c Jail;' .«i,i,ies ,,,d r."lmng ,he n",ion su<~ches ~ i,h n.",,,,1
-'l'me posi'ion .~'..enes. tnining .n,1 i".netric 1""" eh.llenll'" would likely ,tan, .Jow, pro'
g...";;'" ret"'''')" pOttcm. I hel",,,-,I that h'"1" p'ychologi<..l """'-..,m, ",",ld proh.~lydi"'pl',,,,r
..'i,h her b>ek '}'''pI'''''' if ,h<: fell into the 'l'I~c.l pOllern. This I"'ti."" ~'i,h thi, ';1';".1 st""l',
hos. re.,..,n.bIy goo<l eh.""e to e"i"l' life 0""'" .gain. (Noteo Thi, p";,,m """ luck to "orl .ml
offher .n';,lep"'...n' n",di<",,,,,,, " the time of pIl.,lin!!' thi, m.nuscript.)

None of ,he ""'I><n," thi. "oo".n h,d "'''----fnd"di''l1 f'h}'Sit..1the.... I~"'. chi""....''''o....
psychologist,. f'h;'Si>l""" neurologist.. ,OOol'dM~.....I~"-"",,,,1 ""-"h'N,,,,1 concern.. TlIi, i.
no' ",,,,,,demn ,h"", I"',fe,,;ion. I"" ",the,t" "'ne" ,Iu, >luring e'l>eTlenc<" ."d'I~",,..ch,,,

~'i11 help u, to be 'IX"'" """.-""ful ill helpi"g bad b.eh Perttol'" these l>rofe"';'"",I, "e,.. """,,"''''
of the principlesof ,pine f"nc1ion. ,he ';T'O'ofloo,l, ,It".", imJlO""d on the spine ,i,,,,..d"ri"l1
<..n.m acti,i,i.., ."d how the...eti"';t;"" .n,1 'I'me I"""'re. <:In he ch'"lI"'l '" gre,tI)' reduce
,he ioacls-----in ..her "",d.. th. bo,xn""luniul ""'nl"""''''",

'rhi. book i. ,n "'''''''p' to heighte" ,h. , ....renes, ,nd pole",i,1 of thi. ",,,,,h,"i,,,,1 'I'I'",-",h.
While i, ","",I, "'f}' h".h, I h"'e f"o",1 rel"i,..ly f...· "'Jl"rts wh" 'PJl"" ~'illi"g '0 acl"'lu>lcly
,dd",,,,, ,he ,.. use< of blK'l t.J1lubies ~'hile ",,,,king to flnd ,h. "M'" '1~""()l'ri". 'h.... I»·. ,\Iy
l"'" of bix:><>'of}'-!:>aseJ "'ork, COI"bin<:J "ith coll.bontion in "",eo" leo ... w'i,h n';' dinic.1

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material

roIle,gu,=,. h,,,, l'"",i<kJ tile ,,';,h unlqu. i",igh,. A,. n-sult. 1 ,tIl"ot '" quid to bl.",. ,he
.hronie p.tie"t

Does Pain Cause Activity Intolerance?
E,-id<fk" 11", " ...h,nl('".1 ,i",,,,, ",-.rlO;ld ""u,,", d,n.."" i. ,,,,,,,Iu,i,,,, But dun the d,,,,,!>,, tous<
pain .•"d dots the eh"",i. pai" ""use u-or~ in,ole,..""e? &,·.",1, "'" li",iteJ "umber< of. ""die,
1.,,-. ,h,ume",«1 [he m,...h",i",,1 or ehem;',1 "rnml.tiun uf ,i",u", 'u repn~lueedin;',lp,in
p.I nern,. (Ill••1:>«.""" uf defi ni,i,,,. 1.'W'-,,,,le "ud;", ;, due <0 the <~hi,..1issue, ufp<-TIom' lTlll"
in",,;"e !"'OC"d"r,... n,1 prol",hly not to I;><:± of <cientific merit in sueh "udie•.) fur e.,mple.
,he p~>n""ring ,,-or~ nf III""h ",d ,,~bglli-" (I %)_M) dncumen,..1pain from the init...';nn nf
hn>en'>ni: ..lin. in,o '11«:ili< ""ne "<Su" 'h/>ugln to I.e <..ndid".. fur d.",.gc, Sub'<'1u.n, '"
,hi, york. ",,·e,..1 OI.her .tudi., 'ugge"eJ ,he link be,"'..,n ",ech,ni('"..1""n"lotion.»<I p.in, for
"",mple. the ,,-nr!: nf 1hu .",1 ",Ile,guo> (l9kfl) ,kx;umenting p.In in d.m.g«1 ,li,..

There i, [""fu..ble "id<n.:. ,I... ",rt.bnl d,,<· .nd-plot. f~ure. or. "<"f" "~m,,on .nd
..,..,1, onl}' from ",,:<h,nic.1 overlood (Ilti""km.nn. E;ggem.nn.•"d HiIY·fl!:. 19119: Gunning.
GII'gl"", .nd ,\lcGill, 1001), Th.. the« fr"""'.... ore .1", found in ne'''''I''I' ,pecime",' th..
were ",hi<-....,.d '" whipl.1sh n;'~'ln... Tuol11'-"j-'. ",d C".orh"f. I'l'KI) ,Ilo strengthen' .nu.ber fa<:et
of thi, relotion.hip. H", l",rfunneJ di",ugr..,,, (;n~,of ",dio COl""") in'o 691 discs. of
Y-bieh H demnn"",'ed leologe imo ,he '"Crteb,..1 body, conl'n-ning.n end_pLlte fr><;ture, Four
of tb",,, d,,,-,> (28%) p".Ju•.""d ""wrt: p.in, nine (6-1%) pn.JocC't1 full,· <'t",,,ocd,n' I.. in, .nd
o"e 1,n:.J""..d mildlj' disrord.", poin. I" om....". 0,,1}' 11 % of ,h• ..";,,.'''ing 67~ discs ,,-itl,
l\O end-pl'le di,n'ptW:m p""lu=1 .."ere I"in. J I% con,,,o.,!.>nt p>in. 17% mil,l pain. ,nd ~ I%
l\O p.in. 111i. e"ideoce pru,;,lL'> "rung ,ul~~>rt for lhe notion ,!La, hiding ,..u""' dom.ge .n,l
do[n."" ,"u"" I..i".

hen tbm'gb poin ""n limil function.nd >eli,'ity in <>Iller .ore., oftbe botly, ",me "ill ,ug­
g'" ,!Lat th.... ore "'~ link,..! ,,'hen, h,,1 b.d i... issue. T..,e11 (I 'i?7) pr",id«l '" intt"n."tmg
I"-"r<p"criw when ne "gut"<! ,Il.. i" >1"''''' m'-"<lid"•. "0f'l'O>Cd to ocrup.tion.1 medidne, i, is
,,-ell .ccepl..1that """. ini""", require month, of ,ber,pj' or can ",'en ",us< relireme", f",m
,he .ct;"itj, Ht" "'''C'tl th" "hi,.,,,, rt,-,,-"iving ']It'ci.lize.1 '1""" medicine "'Il:.re "" int....... _
Ing group to ,"""sid.r .i""" mony or. hignlj' n""i,~,eJ.•re In ,op ph}'".....1"""di,ion.•re ,,-ell
poid. h"'e o««s tu goOO meJie.1 care. ond.,,, fully roonl"'n"'ted e"en y-hile injured. Their
'"iuri .. md poin ..n ..u,,-" af"",,,,,,, from pl.}' fo.. ,uh,..nri.1 .moun,< nf time .ml c.n ",'en en,l
,heir lu.:tati,·. '-'rt..". 1,-""",11 '''IT''nd<<1 U' that nut .lIlong-'<'rtll ehronie p.lm is on entirely
I"j"eho<o<iol COOC<"l"n.•• implieJ by !J)m" eliniei.n,. 'Ill"", clinicl.n,' dismis..1of ,he "s<ful­
n... of ph)"',...1'I'f'n=he> .<imply because tht")· h,,,, "''' be"" ,ocCl",ful in rt<lucing ~>ng_tt"rrn

'roubles i, • di""",<" to the p.tien'.

Inadequacies in Current Care
and Prevention of Low Back Disorders
M.ny bod: p,rien.. ,.. n te"'!}' th.. the ,.. re 'heJ' I..,,, rc<e;"ed file tbm 'muhk> " no< ..rio-­
f,ctory. What or. some of ,he f><tor< ,h.. contrilou'e '0 ,he ;".d<:qu>ty of their "'I",ri..-nce:
Cen,inl}'one f>ctor i, the f,ct ,h.t tbe er",kmioingie>1 .."knee on ",nieh lTl.n}' p",fe~on.l,
bo.. ,ht"ir 'n..."""'" ,,-,<'>tnmt"n.utltm, ...n he 'IUlte mnfu"ng, F,~k,,,ing.re ..>me eumple,
of the ;"''''', that ,"u,,-" "",fu.io".

• Pletho", of ttudia "~ ·"",ku,lk. ~ ",,,,,,pecifie -!Lad.ehe" I, n.. r1J· 1"'I"'s>ilolt" '"
Gu.n,i!}· ond. "'en if i, oould be G".nlifie<l, off,,<> l\O gui<l.nee for inter....nlio[[. A, ,lOCh.•nj·
,<tudrof lreo'menl in'......n'i,>n, '>n n"n'l""-"ifie h,,-"behe i, of linle nse. Sl,me I..eh wffcr ,,-i,h
<li"-,,!!,.,,i. proldm'.. fo.. en"'l>!•••"d ,,-ill ""J"-,,Kl quite difft"re",I)' from ,he>« ,,-ith lig."",n­
,0<" d.m.ge or f.<:et-b•.eJ prob;"m,. Efrie><:y ""dl". th., do no< .subcl...i!}· b.d boet, end up
"i,b """'pe<-"[fie .""..",," ""f'mse.. Tbi, I." 1«1 to the 1",I;"f tb.. [,o<hing worh-<>T ,!Lal
<~'.ryth[[)g doe.. hu' ,u. luni,ed dc~<..... ,\1= <Iud;".. ()fl nunlp«if", h.e"""he ,r.""",," will
l\O' h" helpful. ""'" ,,·ill ,he 1.'1« epi<iemiologie.1 r"',,us of these ""di.. off.. [,,.1 insight.

Copyrighted Material

,

http://www.go2pdf.com


•
Copyrighted Material

]" rollt...... p"i"" .. ~i,h " ..",,,,'" ,,,.,chctlw ,he ,-onJi,;"" "'l'eri"""" l!"">tcr ,hon- .nJ
~>ng-tem, ...,.Iuetion, in Ji,.hili,y ,h,n those """,i,'ing unm"ched ,re"men" (Ilr.nn,n '" ,I ..
1006).

• U-.ba~J fu~(/;M ~f bNsd;~/( and rt."II;~g ;nj~ry ri,~. l.ih· m,ny heohh-relued
phenom.n>, the rel,tioo,hip of ]m.' h.d: ri"llC h"hng '0 in;ury ri,~ '1'1""" ,,, f,,,,,, , u­
.h,p"J fu"",ion-llOt. n,on'Jt""i,-.lIy ri,ing line. For cnmpk ... r'mlly e'TIl' nu,rien' ",ill
C'u'" poi>Oni"g ,,'i,h e""e"i,'c dosage 1""<1" bu' he,lth suffe" i" their ,bsc""", ,hus, the", i,.
lIl<~k""'eoptimum. In ,he ""<e ",i,h ~)W hae~ hIding. ",iden"" "'~.. flu! NT> region. in ,he
U."h'l'eJ tel"ion<hip.te proble"u'J<'-wo "meh anJ "'0 little. Pon« (1987) .uggesteJ that
he,,'y "'orl i. gooJ IUr tht hilCl-oo'l>ow oo..one define hea')'? ron., "'a, prob,bly referring
1o ,,'Ork of ",fficienl challeng. on,] ".ri,bility '0 "'ilCh ,he OOtlOm of the U .",1 hence ]""'eT

.)'''plom•. Frorn • 1>","""".1 F"">j>ertn-c. 'offi,;en' ]<>aJing i. ntt'",.. ,)' loc,u>t strengthenmg
,nJ tooghe"i"g of ,i,,,,,,,, lout "",,,,,;"e b'd. ,,-ill re'oh in "'e,l""illg, This l>tl of ro"",,,,,,,
in ,h" li,....m'" rcg..Jing lh" m""o",m.'lt of .""",ure has ho...,n \>rolJenulic (,\I,r,o, Cl ,I ..
1000). A more .J....nc.J unJc"unJing i, n'tjuin-J.

• Rrlalmmbjp ufinumity, durolm" ufbNsdinJ;' and ITt! pirJJi.. As Fcrgu>Of1,,,J ,\10,....,
(1 '1'17) poin'«1 ""', ,ome S1",li"" '''gges, ,h" , cer..in '}l'" of loading i, "0' ",latOO '0 pain.
injury, 0' ,~"bi~'r, while o.h"" ,ogll"" i, is, oIq><nolmg on how the cXlx""rc was m,,,-,ureJ
,,,J ...~"'" the ,noder... Ol,ti",om for tissue he,ltl, rcshk, for ,he exl",'-;",.n..1populo,i"". The
wbjecti"i,y f)l soch "uolies i, f"r,her onJcl'<COred "'h",, "" consider ,he 'IUestioo of "'hether
,here i,. dinical diffu-"n,:e I"'t...,..,n ,i""e ilTiUl~>n ,nd tis<uc d,m'g<. to..]ing experim"nt>
on hilln.n .nJ ",i",.1 ,i,,,,,,, to pro<!"'" J,,,,,!!,,, ""-....1the "olti,no," ,00""l>Ie \o:lJ" I"-'l-,,,,J
~'hieh iniuries cau'" lliom«h.n""l changc:s, I",in. ,nd gt'06S failo,,"to """,ores. In "",I life, ,n}'
of u, 00111,1 irriut" ti,,,,,,, '0 prodoce trem.n,h,. p.in .. In,,lin!l' b'd, "'.11 helnw the ""d.,,_
,,-icly' J<.~.nnin.J ruk""".: bj' "'1"-,,,,-.1 .nJ l,roIonll"'llwJing. In f.<1. e,iJe,,,,c I,,,,,,,n,"d l>y
ViJem.n .nJ coll".gues (]<J9j) soggest. ,h" the progre"i,'. <Ic>'elolx"en, of oon<1i,ion. soch
" ",i,,-,] "."",i, r"",l" f,om ye,,, of 'p'-"CiflC ,ubf,ilu", otti,;tj-'. The fumlam.n..1'Iue"ioo i,
·CoulJ >Uch ",,,JitlOn' be a>-oideJ by ,..,i Jc",,,-basctl pre,,,n,;"n "meg;.:. ,hot indo,kOl'ti", ,I
IoaJi"!!,, ""'I",riods, ,,,<1 controlling ,he Jura';,,,, ofexpo.u''''·

III-Advised Rehabilitation Recommendations
The>< failo"", to f'O"l< re••"reh ,nJ It, "",ul" 'l'l>"",,,i..dy h..,,, resul,ed in ''''''>' o",r­
l-iml~if'c"ion,,hou, low b.d ,,,,,,,,,.n,, ,,'hieh h,,'e in ,urn led '0 ,orne in.d"'lo"e ,,,",,,nen,
pr>etiecs .nd "":omme",l,,i'>n'. A few or ,he mo,' mnuno" """"""end"ion, ro, b>c~ h",I,h
arc Ji>tos>cJ here.

• Strnfgrb<n mus<l~ in ,b< tono lD proU<1Ib< Iuu/r. o.",i,,, ,he dinical emph",i. on
'n<:Te..ing h.t'~ mo>tle strength. "-~,,..I>tuJi..", h"'e .hown ,ha, ",u>tk "tength t'on"''' predlC'
~ ho ,,'ill h,,'e fu'ure Iud: ,-",obles (Ili"";ng-Sor.nson, I'IIN), On the other h'nJ, \..000.0 .nJ
rolle'lr"<O (1'195) h"',, ,hom> n ,hat ",u><ol..- end""""" (.. "f'I""'ctI '0 strength) i, prole",i,,,.
\ \'hj', then. do ",ony 'hcral''-'\ItK: pre'll""n. eonUnne to emph,,;,,c .trength .nd ncglrt1 endor­
,""", 1'<,h'I" i, i. , holJo,'er i"nuen<:e from the "hIc1;e ,,'orkl in "'hich ,he l!',,1 of training
i. to enh,nce perform.nce, Perhaps i, i••n inAo"nce from ,he 1"'''''';,'. 0"" of ht~]}'b"ilding

'1~>roKh..", in r"h.bili"tion, As will be sJ>o,,'" "I>ci",,1 Cllen.;<c the"pr"'-~'\I'" whe" thecrnpb>,i,
>hif" ,,,,,}' from the enh.",:e",en, of I",""n""""" ,,,d to~.. rJ ,he ....blishlllen, of iml",,,,'ed
he,lth. In ,,,,ny 0"-"' ,he ,,"'0 '''' mo,ually ""du,i,·.t

• IknJ lh, /men lI:b", rwljiJrnrjng sil·"pt. Clinici.", widel)' n",~nrncnJ benJin!! tit<:
knees J"ri"g. ,i,_.,p. 00' on ~'h" ."';Jcnc,,? A f",,,,,ting lit"r.,,,r• ..,ar"h ,ullg.'" that thi,
pereeption ""y I", ,he «,ult of ·cltnic,1 ... i.dom.· Inter.;tingly. A>ler ""I .\I,,<.ill (] ')0)])

d.",on'tr.«J ,h" ,heY'-';' linle ,J",n"!!. to one \;n«: po,ition ""er the other.•nJ ,n Ji",
,he issu. i'l'roh,l>I}" "'00' hcca".. ,h"",.rc far be"., w'y' to ch,Henge ,he ,\..lo",in.1 "'u""'·
I',",e .",1 impooe Io~w lumb.r spine load" (,,,di,i,,,,,1 ';'_"1" ca"",, <pine loaJing ",,,,huon.
,h" gre"ly "b-"e ,h" ri.k of iniul)-), Thi, "sue i. one of nuny ,h>t will he .h,lkngeJ in ,hi,
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• P,rjiJ....i"K si,."". I<ill i~ ....._luI<k b<isllb. I, thi>, ,ru. 'I>t«".." o<.n .rti&ct of
",,,.,imen,,1 """hocl"!ogy' Despite "'hot n",n)' ""QUI,llil. to hd""·e. ,here i,only mild li'e..""..
"'1'_'" fonh. bdid th.. I"-"'rlc ..10" "e fit 10"'0 Ie.. bocl tmul~c (although po"u,...",I.rK"
.. inc",,,,ing. ~>r cnml~o. St<wn>Oll ct al.. 1001). lnt."","ngl)·, m,,,y of the "'udie, ott.mp'mg
""" ..I""e the role of ioc",,"setl finoes:, in hoc\: 10..1'" ,ew,lI;- itlClu<kd "",rei",. "'ot 10"" lIe,n
I:"o"'n to caus< hoc\: troubles in ""nr l>eopk. 1'0< "-,.,,,ple. """j' h"" ."..npttt! to .nharK"
,lxlm"'".1 ,trength with sit-ups. Af'er "".m;"ing ,he lumb.r compression th" ,.",lts """,,,
pe,fo<ming ";t,"ps "i,h f,,11 n••ion of ,he I"mho. spi ..., tOlf"1h•• "i,h e.,,,,ssi,·. ,lise .oo"lu,
"',""-"-... it .. de.. ,10" ,,,.:mgh ,;t_"ps ..;11 ea"", d,m.S" in 100'" p",~>Ie. Eoch ,;t_"p I'".lu"""
Ii",· b'cl: mmpression b-d, dose '0 the N..~""llnstJtutefo' (krup"io",1 s"fet)-' ,nd 11..lth
(l'-.'lOSllj ,ni,,,, Ii",it. ,nd reputedl)' rompteSSing the ",in. to I,,'ds high.r tho" the NIOSII
oct"'" hm't h.. l:>een ,hown to i"""",,., ,he risK ofhad disonJe.. (A.Ie. ,nd ,\ IcGili. 1'197), 'I"u',
",,,,,hing, rondo.ion 0"" ,he role offt",... fmm ,he l",hhshtt!I, ..,..ture h.,l:>een """",red ~.

,11..:"""'n e,e......,.. I"'-Te'oed fi""", d<"" h".. '''Pl_,n, lou, the "'j' in wh,eh finoe.. i, inc,..",,1

'PI"''''' to l.oe critic.1.
• Tn "''QUI NI,k injNry "'Mn lifting. Mnd 1M Im"s, nal 'M lul<k. P",I"I~y,he n....

""mmon .dvi", gi,,,n I'}' the diniei.n '0 the I",ien, "-00 mu., lift i. to hond ,he ~""'" .nd loop
the i>oc. """ght. I" .ddition, th .. form' the fo"ndotion for ,';nuall)' ",'ery.et of e'!!"nom,o
""idelille; l>rc,,-id,d to r.due. the ri;~of"'o<l:-rel".d i";"I)', \'CI)' few ;ol» l,.n l>e pcrl'omlCd
this "")'. Further, d.,pit< the ..",.reh th., h.. OO"'I....d >looping .nd squ",i"g st},I•• of
lifting, no «Jndn'KlII ., to "hieh i, I:>e,,« hos been ",.ehed. Th. issue of" hether to ..oop
or 'qu>t lluring • lift del"'"d. on ,he d,men';on. ,n,1 I'ropc""",,f,he load. ,h. eh•.-:o<1eri,,;.,
of the ~fter, the n"",Le.,- of tima the hft .. to be 'CI"''''-.1, ."d "" fonh, lJ,d ther<: ""~' ," f.<1
be ...fe, tt'-'hui~"e> .Itogt'ther. ,\lueh ,,"'re iustifi.lJIe ""id.h"....,ill be de,,,lopcd 10,.. in the
te<t,

• "7igb/~ luim,tring1l1nd nneqlUlll<g kngtb knd lD IJ.<clr tTwIbk•. It would "",m in,UI­
ti"e ,h" ,ho.-tenc-.1 ,>r ·tight" h.m.lring> would al'PI)-' del<1'nou' tt>r~"" '0 the pch,. .nd I..d
t" b.d trOlln.". A .imi!>r argu,lI.I\t <1l<Ild I:>e mounted fo, """'1",II.glellgth" "hich "'-'<LId
tilt ,he pehi, md impooe ben,ling Olre.... on ,he lumbo, sp;ne, Th" li"" of "'''')fling .pp''''''
'" Ju,'e ,l,i,-en JlOl"II.. dini.. l I"""i«, Inte,...ing1r, ,her. i, lint. support fo< ,hese IIOIion" A
~",gi,",lin.I"Ul1>·ofJ'OUng m,,,, "'..". their "ult"1)".."i"e ,lid Ill. £<'t-,..I"'y lin~ between rurren'
boe~ p.i" and hip n..ion ""tric~ion; (I [ell",,[{, 19!1~). N..thcr ,'OUld future PO'" be p«,<li,~ed

in this studj'o< in the "·.Il-ro"dulted"ud)·ofBierillg-SoreIl",,n (19!l4l. "" i",,,,,,,,tinK >Indy I')'
Asl,,,,.,, .nd coIleogue. (19%j ",gges,eJ "'" "hile reduett! hip flexio" "taj' ,~" 1", ..>iOCi".d
..i,h h.oc~ p.in, ",)"m,,><O)' b.",'""n <i,l<, m.y he_ Interes,ingly ,,»n}' high·perfonn...... "hlete,
wh" ru" .nd jump ho,'. "tight· h.m"rinlP ,hot the)' "s< .. 'sprinlP'" UIlt"~u,1 l.g length h"
Ixen d~,w" l<1 10"-,,. lin~ with b,d; PO'" in only the 010<' exIrcme of le"gth di>t"-l'oocies:
",'en c of • 5 t1" (2 i".) diff.",,,,,, ""'I)' d..·.1or chronie p,i" (Grundy ."d Roberts. 1984).
F"nh , the... doe. not «em to I:>e, .il(11ir.c-.." link lIet..-.." lell 1."",10 i""'l".lil)" .lId I"",har
scoIiosi,. " I.." ~>r i""lu.li,i.. of I em (03 ,n,) 0' I"", (Hail••. Ylil:",ki .•nd 1'11""h. 198~).

All of tht> '"g!l''''' "'''tK''' ..,hen "n" is ..,.,,';ng I"tien!> ",d ottrihuti"g 'pnpt'.,,,. Perfo,m
the prom".ri,.. tesc> and di'm,.., ",he,he, these p'»tu.-:ol ,..ri.I~« a", true .xxerL..."" in the
indi,ido,1 ,nd ,hus.re ju"ifiahle taJ)(rtS roT the",!»',

• A smgluxcr<in .... I-~ ""I>ility program iuakqlUl"ftr "Ilrasn. It iscumndj' I"'P"IIT
'" pn"",,'e the ,,,iningof ,ingle 111u",I,,, "' enb.n« ,pine ",hili,}"_ While the original ' ....reh
.... , "lOtJ,.. t..II'}' the intc",tion t" r«:<l....'c 1".,-t"rLeJ 1I1OtO< I"u...n. that were oo.."U"",nteJ to
be ,he "."'nl, of i,,)u!)". ",helS h,,'e ",isintc..-pr<1ed the d... and .re 1>"""lOUng .X<r<';",'S to ' ....in
mu>des they belie'.-e.", the ""'" imp"m", ".bili,.... of the spill<, Uoronun"dy. they did 1\01

'1u.n,ify ".hilil)"_ The pro«.. of <llLOntil}'ing the t"Ontrihution of ,he ","ornicol romp'"",n!>
tn ...bilit)-· re""I. tho, ,;nu.IJy .lImu",le, "'" he Un""n.n', bu' their in'l"lrt.""" rontinu.lly
.h"'ges ..,ith the dm1l"ds ofth" ac~,,';t}" and ..,I:. It i, true ,hal d,m,l(" to OIl)' uf the 'l';n.1
ti,sue> f"." """h."ic..l ,,,".rlo,d result> in "",.. lJI. joint Ixh,,-io,. fle....uS< of hio",.dunie.1
ch.nges to m. joint. 110.. ",,,,, the penu,bed ti""" i, ~,,,,If' Iin~..1tu the SjTI'pt""Ol"logj' in,
"mrle ....r .\10'" lihl}"'lIhe, ,issue; oc'COme inml.-.d, .nd ,,'hieh ,,"'-.. Ofe in",I,',,1 ",ill , ....1'
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In diffe'''nt acroo'p,nying "'010' dlSlU'booces. Thl, ,~riew in po.,iblc etiologi"" ,n""n, th..
• single. ,imple ,eh.billf.fion '1'1''''"<1. often will 000: ,m,~. I, mobili!}' 10 I.......f<>red.t ,It<
"'I",n", of nom,.1 ~,in' >Ubil'!}'; 0, I....hihry '0 he <",.I~i;hoJ fi",. wi,h enh.>nce<l mobili!}'
os. ",,-,!Ild.'J' del'loJ reh.bilito'ion gu.!? Or i:; <he dln ....lp",'ure "-,,,,pic>. fur e"''''I~c. in ,
situation ;n "hid> >pine ".bilily i. neeJed 00, ,onic psoa. oct;,;!}' ""using chronic hip fkx..."
n,,,,,,,,tat,,, h,p T""hi~zo,ion' Thi, e""mple. one of m.ny th., mold hove i>t"", eh<>'>Cn. iU",,·
,r"", ,he d,.lIell!l"e of<"...,ing .officie," ,",bili!}' for ,1.0 'I~""I ,i,,,,es. N"a <iml~o. or ,,,,g1c.
'l'f"Ooch will l>ro<Iuce ,he I:>eof re,oils In .11 .....,.. The <k9;riplion .nd do". p""",n,,,1 In this
hook "ill ""Ip guide <he ~mnul.l.'" of ",ere;"" lhat en,ore >p,ne ,uhili!}'

Can Back Rehabilitation Be Completed in 6 to 12 Weeks?
Some h"'e snggc<ttil that d'm.getl ti.sue. should 1.,..1 "ithin 6 to 11 ,,'''''... In foct. mony
10"'0 uset! ,hi, ''l(U0'en, '0 "'PIK'" ,10< no,ion ,10>< OD'" in,oI .... nc< e.<etttling this I"'rioo.l I...
"" I"',h<,"'.tornical Nsi, (e,g.. Fa"I;"", IWS) i>ul "ems I'm", p,)"ho,oc;.1 i",,,,s. Furthe,.
'ome h..'e ",ggcsted lh4l palienl ""-,,,'ery "",,1tJ be bene, "",'<-d 1>;' rt"1lirt"<:'mg reh.Lih..",'e
effons '''~l' ('CO" ph;...""l '1'I,,,,"ch<:<, Thi, posilion CO" be rtfu'ctl bl' Jato ."d indicote•• mi>-­
un,Ie"un,lingof,he compkxiti"" of >pi"e I"',hom""h.n","- The ""ncept ,h., ,i"oe. he.1 within
6to 1Zwec~"Wc.."o be oril(ln.ll;- 1..",,100 ."i",.1 ;tod,,,, (rt~';,-,wed'" Sj~=" I'},)3). 110...-_
ew,. not .11 hu",.n 1"',;.,,,,, ll'" beueT so quidJ)' (,\lcnddsoo. 1911Z)• •nd the fullo"--up >ludie<
from .ome definoJ di",.....Ie... 'Oleh .. ,,'hipbsh ore compelling in the ....pport oflin!!"ring ,i"".
d'snJptum (u,g" 10<1.",,,· rt .1" 1994).

E,';dcncc ",ill be pf<:Semctl in I"", <lLlI""'" of bonh ",..,h,nicol .nd neurolugit>1 ch.ng<:<
,1.'1 lin"", for )....... ,"I:>se<t"entto iniu'J'. Thi, inelll',", I"" of ,..rioo, moI01"confroll'.",mrte ...
"'ll,~heT ",ith d,,:umenlt"1l ..)mmrtrie mu..1e ""'I"'y md other ,!ioonle". Thi< .ugge'"' that
postiniury cl,."ge>.re no, • ,;",ple "'at,cr ofg"-"" ,I.m.!!" "he,li,,!!." Follo..-",!!.re onlr' fc",
of the tH"" of d.m.!!" th" ""n I:>e long",ern, intked:

• SI>e<ific ti"""" such a. llgo,ments. tOr """ml,I<. h."c bct:l, .1I0w'n to ulc )'e.... to rcco,,"r
f""m rel'fi"el}' minor in,ub (\\00. Goon"", .",1 Ale",n. 19l1S).

• The inte"'crteh"I'llOt.'" unit> fi>nn. cornplc.lneeb.ni,m in,,,lnng intri""te interpl.y
a"'''''g the I""" sneh tb.t <!.an"ll'-' to one p.rt eh.Il!!'" the bi",,,<,<h,,,,k..,,d 1000d",g"" .nothet
1"'". F""m the 1"''"'flOC,i,'' of p"ho"",ch."Ocs, m,or 'opons h,,'< do:.>cnn"'"ted ,he alsea<le of
biumecb.nic.1 eb.nge • ....."i"ed ",i,h ;nit;'l di", <!.am.ll" .n,! .u!><.equent joint in".hility .n,1
,,-'<.'Ono1'I)' .nhriri •. ",loch "")' ...e rea'" to pr<>gr<"" «,g.. llrinel"'",n. 1985, "',"Id)"-\\"<I~s.
1998).

• \';,I""u", .nd <'Olk'>gU'" (1995) d<"""",ntt."<i tru' ,,<",,cool ,,,,,,,,,,,h;~,-; w<'Te ""..t highl)'
alSO<1..ctl ,,'ith <""-plot< Irrq;uloritks ,nd di"" b..,lgi"g. Osteoph;~... re I«l>er.llr >t"'''-'p'ctlto
he sc<:o"'l>ry 10 ,lise .nd "",l"ph,e U""""' 10." ..~. )·e.... to <le,..Ior·
Thu,. to ,uggCst t1u, hat·\; t"",bl<> .re not ,"<,<h.rUe.llr b.set! if ,i>toy Imge, k><lg<'T th.>n • fe",
'"onth, oUI}' d..,,,,,o<,r,,", •limi'ed .'1""';""

Anothe, 'I"""io" is -0", these llJoC\; '1'(101~e; linger fur • lifC\'im<'- In ,hi, con"ec,ion. it i,
"'ten-;ting th.. elderly people 'I~'"" to ",mpl.", .1",." Nd Ne", 1<.,,, thm )"on!"', I",<~~e.

\'.Ilcnllul}; .nt1II•• nen (198!) ."""'edth.. b.cl U'UuLl...f< ,nore frequent during th< )"""l(el"

ru"" lI'el:>er {lnJ) p",,';o1ed r,'rther in,;!!ht hr reporting"" p.ti.nfS I(I f""" .f"" <Ii"" h«ni.·'.In' ("""eofthe", b.d b.d ,urgery whileothe,-, 1. ..1"'>t) who "'ere eng>gt"! in strenLX'U' <!.aily
aCl.i";tY-l'Cl .11 "'''f< ,,;U ""-,,j,';ng 'otol di,.bility be"efo,,! It ,,'ould '1'1"''' tl", ,he eoseade of
,h.n!!", """,I,ing from son", rom" of ,i""e <lam.!!" ""n ,,~. ;""'" 00, ll"ne..llr no< Io"ge<
tl»n 10 ;"'''' AI,h<,.,gb the h.d """~ i. th" the .ffet~ed ~,;n" "iff.n during the ",...de of
ch",[«.', the good n....' i, that <~'""to.lIyt~ [l.i" i< gun<,

'lb ",,,,,,,.ri,..,. ,he "'peel"ion ,h.t d,"'.ged I"", b.d fi"".. -.hould he.1 w'ithin • nU"'er
of " ....."' I.., no foond.nmL In fact. k"'ger_tenn 'mubl.. ,10 I..." ••..,h".nn.1 h.",,"el»n.:.1
Of 1'"00.".",,,,;"1 basis. On the ",he' h'nd. trouLleSOl"e b~,...f< gcne"l1;- "',.. life "',,­
tenee.
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Should the Primary Goal of Rehabilitation
Be Restoring the Range of Motion?
Re""""h Iu, ,ho.... n ,Iu, m i""",.",,1 RO.\I in 'he srine c.n i"""".", ,he 'isk l'(futu'e Nck
troublt.. «.g., D.tti. t~ .1 .. 1?90: B,.,inll-Soren>tm. 199~: B~rtun, Tillotson. 'nJ Tro~p.

1%9), \\'h~' ,he" 00.. iner."i"g the RO,\\ ,e",.i" • reh.bili",ion obitt,i"e? The fi",
'e.",", <li!<"U,se,! e..lieT, i, Ih. need tn 'l~.n,ify red"ce<1 <Ii..hili,y., ,Iefi"ed hy 'he AAIA.
St""nd. ther" Ii. hultlot,., philo><Jphy from thc ..hletic ...."rlJ thot 'IKTC.,CJ RO.\I e"h."c,",
perfunn"",•. Thi' " ..yk ,,,,. for ,."n••ctil'i,i••. bu, i' i' ",n",. fo' OIb.,..,. A, "'ill he
,ho"''', ,hi, philo",phy m.)· ,m,k fn' <>lher inin,.. h"l it geue.. lly does ""I ,,'on, for the luck,
In f.... """",,,fiJI reh,b,It..,;"n f".. the b'ck I> g<n<..lly r.t.Lnlt..::l "'ben ..hie,;. pri""pb.no
ful""'ed.

What Are Better Alternatives In Dealing With Painful Backs?
I',inful b",b.re the re,,,lt of differe'" "'~>es; tbi, book pr<>IJ<l-se' 1Pf'1'l",cb.. 'n idenri\}' ,be
co"", in the inJi"d".I, U"'te...."Jing the 'lle<.ifit t""SC. or ex.."","Il".. in ...'1. inJi,-idu.1 di,...",
effort, '0 "",}(n·. ,he <.~se, ,,,d .n,u"," ,h" the """, i' ool ,oplic.,«\ in ,he ,h"",I'l'. Ti''''''''
in ,be h",k become irri,,,,,1 "itb rep,,.,,,1 k",di"g. '."",ide, ligb'\)' bi,ti"g 'be thumh ,,'ith,
hmu".r "'P<..tt-dll"----,-wntuollphe ,Iigh'est 'ouch CO";C, 1""" 11", i' 'p"I"OIn m.gnifi...iun
booo~", the tissue"r<: hyperse".i,iud-----oo, booo~", of P'l"hoooci.1 "lOtI"1,,...... Red"ctio"
of hyper",n,iti,.;!)' in Ihe 'h"mh only occurs foll""'ing • ,u!»..nti.1 .m,,~nl of 'ime .lie' 'he
hmuntTIng h" "'1'1",,1, ·Ii""., in 'he ho,k'IT "'n,in",lIy "hi' ",i'h 'he h.mm.," be',"",,,, of
,he .be..... '" ">oI~)I\or ">010' l>.a"em" Forc>omple. poopIc ....i'h llexion bending in,olc.. "c<" uf
the srine m.y repli",ne thi, ",,'e'}' tim. ,hey Ti", fro'" , ch.ir. Co",,", ,hi, lnO'-en>enl faIth .nd
""k<' the h.mmer '''..y," Then ,he ,i.."", be,:o",. I"" ""n,io«:<I, ,h. rt:p<Ttuirc "f p.in-free
",I<s inc,..,..""..."d IlIo'inn "",u'"'' ,\lot;"" re,u,n, Oft« the l"in goes '''''~'. R",ist "t'e<lori"g
funcr~"," ,,'j,h , mo!>ili'ing 'Pf'l'Wch 'oo soon, ']ni, oftcn ,,~...I, progres'.

Mechanical loading and the Process of Injury:
A low Back Tissue Inju..''Jy'-'-P",i'''m'''e'''' _
I\"Y cli""'i." co",pl",ing. "'or!:eror po,i<:", (),mpen,..ion funn i' '"'luired tQ iden'if';' ,he e,'en,
,h., c>~sed the injury. Very fe,,' h'ck inj"ries. howe,-e,. re",1t fnxu • oingle ",..,nt. 'Ini, o<"'ion
tIotu'llCn" the roon: """,nor> nunul,,;,·c lriImn. 1,,,It,,,,)', I.,ding to the ",1""""'l1\g ""en'
of • b<l.~ injury. Ik"use ,lte rultni">ling "'....., i' f,lsel~' p<e'omcd '0 he ,lte <1,,". 1''''''e"tio"
effort< .... f",-"sed <;m 'lut ",..,n'. 'Ini, mi,di'e"'i<;>n "feffo'" foil, 10 de.1 ,,-ith ,he re.1 co",'" of
'he ",mw..i,·. tr.u,,,,.

\\'hile. ge".ri, seenorin for i"jul)' is pr"",,,,cd h.r<. ch'l>lc, j offers. mon, in-<lepth dis­
,-""ion of inj~'r fe"m repeotcd .nd proloogetll<:»t1i"g 10 >p<cifie Ii".... The I"''P'"'' of ,hi,
"-"-1.I01l i' to I"""""c ."n"<1<",,on of 'hc I1\m,· f",,,,... 'h" modul"e the ri>l: uf ,i"oc f.il"rt:
.nd to .neour.ge probing to g<n....'e 'Wrop,;'". l'l'J'Olhescs .lou, injooy etiologJ-',

Ini"'}', '" f.illlIT <,(. Ii""•• """,'rs ,,'h.n ,he '\'1~ie<llo,d e=cJ, ,he f.il"re "~e"""" (o'
>lrength "f the ,issue). F"r ,he 1'''''''''''' of thi' di ......."''''. i"j"ry ",ill he defined .. thc fiJll OI>n·
,in"",n frulTl ,he ""'" ""oor of 'i....c irrit.tio" (bu, ,,,ie,ot,,,,,,.. oon",hel",.) tu the grosses<
of ti"". f.iluIT, for exampl•. '-enel>r>l fr,"',,'e or lig.me'" .n,l,ion. W. ,",ill proceed on ,h.
prenuse tlu' 'och d.m,ll" gene"""!,,in,

Obt'iw,Ij'.• Iood til .. ".ett<b the f.il"", ",I."".. of ,It. ,i""e. 'Wlied oUrt, Jlrod~"",

mi"'}' (",e (,g,,'e I, lb. in "'ltich, C.n.di.n ,oo"''''ooilo' .irho,ne ,nd ollOll' '0 O'pe,.ie"".
on ..i.1 imp><1 wi'h 'he 'pme full)· flexed i... ,i.k "f po"e"'" di .. hemi.,i"n 01''''' I.nd,
ing). Thi' i"I"l)' I"""c« i' dqlk,cd in figure 1.1 Q, ",h.r< • "'""f!"" of "fet)' i' "b..,..·.J i"
,lte f'N <yel. of ,uhf.illl,.., lo.d, I" ,lte sceond lo.odingcyd•. ,he .ppli.d 1",,1 inc,.••"" i"
",.gnitude. ';mult.neou,i~·d""re"mg ,hc ",..gin of ,.fe'l" '0 ",ro... "'hieh poin' on inl0'1'
Ol'f"t<. \\,hil. ,hi, dt·":ril"io" "f I"".. b.d ,njury i, t-oHm"-,,,, llOni,,,I,,ly """"g ",.Ji,,1
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f;8"~ 1.1 (a) ... ",,,,gin of "';ely i. oh....voo in ,..... fi... cyde of ""bioil....., to.<j. In II", socond Io.o<Ilog ryd<" ,he aJ'PI'cd
103<1 i""""so.'. in mag"i'",*" ,in",h,,,.,,ou,ly do.:'''',ing 11", ""'sin of ..f<:ty 10 2<'<0, .1 whfch f'O'n, an injl>ly occw'. (h)
n..., un.dia" """"mobile .I""" (lk .",no. 'rl Ihi. C_. who .i'>o<lld ~""'" bet!<.-r) i. aboul k> ~'p'-",,,,,ce dn .,i.1 "om­
",,,,,ivc imp.><;llo.loi tn a tully H""cd 'I"""'. '" ono;;-hm" op"I","'i"" of 100<1 em rcd""c 'hc m..gin '" ~1f<"y tn ZCfO.' ,,",
awl"'" !o.otl .."Cwds ,he >1'''''8,1> '" i.il"", 101",."".. oi the OlJPlJO'l'ng Ii""",,,
.., .............. -""' ,,- , '" <", SM. M<Go1I, •...ood...".., _ ......,. ........., ""'"'" --... ... ","_ "",*--, ... '","" ••.....,'.1..',_..- , ,, __

p..:ac~;tione" who or.. ''''IU,,,,,I to, identify m injury"",.",ing c,-en' when ",mpleting ~"m. fin
"urlc,,' cur"l"'''''"''''"' ""port., "'~' "",>ericn,,, 'ugK"''' thot ,"I.u,-d}" few low hilC. injuries
occo' in ,hi, m,nner,

,\1""" commonly. in in'}' during '''-'-''I''' ';'",,1 .nd >thk'tic end,,.,,,", in,,~,..,.rum uI,ri,.., lnw",

from re!>ctiti,,, 'ubfoilu," m.gni'Ulk l<»<ls. In "".h <'lise" inlury i"he ""ult "f ",-'__wnub'ed
,,,,,,m, l>ro<Iuced bl' .id..... ,he """,..ed ,pplit>tioo of ,doti,-dl' 1o... low or ,II<- ,pp1icui"" of
• """,i""d 10,,1 fo,-. long du",i"" (.. in , ,;tting u<!:. ~".""mrle). An ind"i,lu.1 lifting bo«,
o"to • !",II<1 who i. rq",,,edl)' Iooding ,hto b>Sue' of <he low I>ac\; (,e",r.J tissue. ",,,1.1 be: ..
~) to , ",W,il",. kI'.! (_ figure 1.,. ~-b) e.q>e";.""" ••10... okgroJ>tioo "r f.il"re ,01....·
.~ (•.g.. '·ettooo•. A,bms .ml Hunon, 1'illS; Bri""lm.nn. Bigll"monn, .ml Hih,"ll' 1m).
A. ,i""""" f"igue ...i,h ",,,h '1'de of IooJ ,m! ",,-,..,,ponJ,nWI' ,he f"lur< ,01<,"",-" Iow'r<. ,h.
",.'!(in of .. fet), "'.",",lIj' '1'l'MlCOO 'tero. "' \\'hleh poin, ,hi, indi,'iJu,1 \\ ill ""1",<i.OC. low
I:>oe\; injury. Oln;ouslj', the >coomul.,ion of "'mm, i, mo,o npid bilh higher k>od•. Cottor .n,1
Ihp... (l~7i) no'eJ ,h.., .. leo" \\'i,h hoo<. f..igue f.ilun: ",-,-,ur:< \\i,h ft...,", ,epe,ition< when
,h. 'P!'liedl"",J i. clo><, to ,h, },jdJ strengtll,

\','1 'nulhe' b"I"O pro<luce injury b'ilh • ,uhf,ilure lo"J is '0 ,u".in .fres"," CO/llt,ntlj' 0\-....

, peri<~j uf rime. '!h. roJmen ,IK...'n in figure 1.3•. with thei, ,pine< fully fle••J fo" I'TOlonl!",1
period of ti nl<:. ".lo:tdinl( the """,rior I"''''>'e ti...... ,nJ ,re initt..i"I( ,i",e·-J..1",ndem ch,,,ge<
in di", meduni., (figure IJh). Umlt. ""'f.i""d Iood, fhese ,'i""""I."ic ,i"".. rJw I)' de~)m,
md cn..". n.. su...",,,l h,d ,n,1 ,,,,ul"n' en..p e.u", , P"'l!'''''''. n,loction in the ,i""e
>t'cn~, Corrc""",Jingly. ,h. m'rgin of ••frty.1so declines u"til lnju'l """ur>". '!,edfie
pe=nt>l!" of (i''''e "",in (i.e., .. ,he bro.king ,,,,in of th" ",!'tit"J" ti,,,,,), "'Ole ,h., ,h...
\\",l.r> ,re no, lifting. hea,y ~""I; .iml~y ,..)ing in tI,;. P'"tur< ~mg onough "ill ""cn,",II)'
,,,,,,,,, inlUnuu. J.rn'g<:. '!he i"iu1)' m.y 1n",h" • ,ingle ,issue. Of , cum ric., 100fUr< '''')' ern"'/«'
in ~ hich ....·e..1fi,,",,,, I>e<:or". in,,,ked, Fo, ="'ple. ,he proIo<tge<l.toOf""l posru'" i",1"OS"S
100,1. on ,he postorio, li!!,u",n" of ,he ,pine ,nd 1""'0';'''- fiber> nf <he in'.'YClteool ,Ii",. The
,,,,,,,,i.wl 'J'CCp defonn..;"', !h" ultim"d~' pruJut.., mic'ruf.ilu,e (e.g., Ad."". Ilutton, .nd
Sf01'. 1980,,\1cGi!l .nd Grob·n. 199!) m.l' ini,i", ,,,,,,he' (h.i" of«'eno;. S<"'tcheJ lilf"""'''''
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FiY''' 1.2 I~) RCJl"oled ,.,Ihilu'e load, !c.ld '0 ti,,,,,,, to"gu<. redudng tl><: foilu", tolefo""". leading to (b) foilu'e on
II><: Nth '<"P"'''km at Io.>d, Of!>o. lif, in IhiH"Omple
,.J """...... "-1NmJ" _ ......, J(>,', 'M. ""-""'- .......,....-~'" '- ..... """"" ...............,_"''''...._ .... '_,.......". '''', ""'"""-_,-><--

Failure

____,':.~iknelolera".,.

fisu,e 1.3 (~!~ ,odn"'" with tully flexcod lumlMr !pi""" ,,~ lu.ldi"g p<»l<.~io< pJs;;w, h,,,,,-,, iOl • long du.-tion, fb)
,eduri"~ the failu,co tol"",,,,,e le",iing to f.ilure;l\ tl><: Nth% uI ,iss"" ,,-,ain,

inc",,'" join' Inity, wl\ld, co," lead to hJ1",rllCJl~)o ,njury (tu the Ji",j,nJ '0 the follow'''11
><:qu~""" of .'''.."m"

l. u,,:.] in.",bili,y

,. Iniury of uni",gmem.l Sl"'CO"..

J. E,-.r_inc",..ing ,he,ring ,nJ honJing I",uk on the ",-,ut.1 :lITh
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Figure 1,4 loading" "'-"'t'SSaf)' 10< opI,mal ""oe
he~I,h, Wheo loading,oo the .oo.eq"",,' d<:grad".
lion of loler.nce .,e followed by. p"-~iod <>i rest,.n
,d>l"iv~ ,im.. ''''l'''''''' inc,.,."" ,oIeunc~.Ti"""
"".",ing" resul .. from ,he opIim.1 1>1,>00 <>i .n.oo
.deoce io medicine.o<1 """" l>iomcch.:Inie"

v

Thi, luit}, r~m,in, f, .. , 'uw,nti,] I"'riocl.ftcr ,h~

I""longed '''"''\,
Unde"..nding me p"""'" of lissue d.",.g" in

,hi, ""j' "mph,,.,,... whl' <imple iniH'j' pre....n'ion
']'I"'>aeIK..often fail. "1"'1' df<'Ctn'~ inlury in'Hr.-~n·

rion """eg"" ""'-'ll"'i"" ond odd,,,,,, the <"Olnpk:,;­
,i.,. oCti,,,'e ()\'er~)"L

Am;,L",,,,, of lo.,~ng .It''ll<~her i. und<...irahk
The o~je,:u,'e of inju'j' JlfC,,,,,,;'m ,rr"egie< is to

en,o", ,h,t ,i....e .d>purioll ,umul"oJ from up<>­
"'T~ to h.d h..,,, 1"'" ,,'ith, .",1 ide.lly eX<"'ed,.
the "",-umul.,oJ tissue d.m.ge, 11",,, Cl:IKtSu'" '0
Io>d i, n"""",I')', bu' in ,n.. fl"OC"" <>f oocumo",ion
of mi"rotr>u"". ,he '1'I'lioJ 10,,1, mu" be r""""",1
(with re") '" .Ilow ,be he.ling and .d.p",ion
proce<' '" gr.du,lIy incr.,-.", ,he f.;lu'" tole... ""e
ll>. higher Ie,'.!. II'. h,,'••lr~..lr .':en h",,' ti"""
knding and inlUl')' nsl form.n "p.i",.1 V-shap"d
rel.UO<\,hil' of """ '00 much .nd """ '00 linle Iood,
o."cnnining ,he opIiuull",,,1 fo' h~,I,h .ncom·
p'''''' both the .rt and ><:K.""-,,of m<";1CI nc and U,,",,
l:tiom<.'Ch."i('§, Figure 1A JlfC,;e"t:\ • fin.llo.1d-tim"
hi.<tory 'o,lemon",.", ,he linl< .mong Io>,ling, re..,
md .wp.i,'e tIS""" ",1""'Ill"',

In ...""n.'j', ,he injury proc<:s' n"'y b< .....,;..<:<1 nth., ,,'i,h ""I')' high food".. wi,h reloti,'dj'
10,,' k>.ad, ,h>! .." "'1"'''oJ ur ,,,,,,incd, Thi, ei,her/or ",,,,,,lion n.....,,,iUtes rignrOH' ...min._
tinn "f injury' mol ti"u. loadmg Iu"o')' for .ul"'.nb.lp"riod, of ,ime prior '0 ,h. culm,na'mg
injul')' e'''en" It is iml""'til'" to rcrog<li<e ,h.. ,iml~t' fo<",ing on a .ingle ,..,.;.IM .... h ., one-­
,i"", Iood m.gni"..1e m,l' """ res,,1t in • ,,,,,,,,,,,f,,1 inde.- of risk of ini"')', pmiorul"ll' OC""', •
"ide ,·.riety of .eti"b,...

A Final Note
The ",ltt'<'<I '''''''0<-'''"''''' in,rodoced in thi, t'h'I~'~ ill,,"ra'" ,he ",-..,01 fo< the ,~,<kntt p,e-­
..n,oJ in ,he res, of ,he ,.., .nd ,he rele... '"", of ,he di>ru"ion, th.. folkJ,.', Resi" ,he u'!!'e '0
.."nne that coo,-~n'''''''l ,,'isdoon i, """"oct, FiN con,;<k, ,he "",kn"" .nd ,hen fonn j'O'-"
own o,nrno""
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CHAPTER 2

Scientific Approach
Unique to This Book

Thi' book ron,.;n, nunr non,~,di,ional,'j,,""point>; on h",,' the ,pine function, .n,1 hrtomes
,1.m'ge<L AI"", of the.. perspecti,-", n..,,, ernerge<1 fnMn , unique hiomeehalllc-.lIr h.,.,1

metho<lolo;(i<'al ,,,,,,,.,,,h. Thi' t-h'I"'" will f,mili,ri",}'UtI "i'h the unique !l"nerol.Wro....h
"ken 10, olnaining mlOCh "fthe d", in thi, '"M .nd ",'ill heir l"" "n<k",.nd ho<h the limi,.~

tion, and the unique imights l'ft)'I'i,k,1 hy ,lOCh .n 'l'I"O"Ch.
As ""in" hi'Mm:ehanist<, our ,,",thoJs of inq.,jry or" ;;,o,lor to tho>e u..J bj' m,..hani,..1or

..i,-il engineer'S. for n""ple.• "ioil ""gi'",.,, ch'''!l''d ",-i,h ,11<: ",k ofwildi"g • !:>rid!!" need,
th".. 'Jl"" "f infonn.,i",,:

•
•

•

".ffi" '" be ocrommoo.",d. 0' ,he design load
S''''''''lTe to be u",1 (e,g_. '1""" ,n", 00" ,om:m .reh),., eoeh ,"""i'ee\1'''' 1""se\5eS
'1.rofic m....hani,..1' .... i" ,0,1 fe.tun"
Characte,;,;ti", ofr~m"erial, ,h., ",-illalT"", 'lTength, end"r,""e, ,tohili!}', ,esi,.
u""" to "ruetural f'''gue, .nd <;0 on

Our 'PI""",h to i,wesUlluing 'Pi"e function i, ,i",il>, '0 th" of OU, ""gi"e<.1"iol! ,,,!le.gues.
I\'e hegin ""i,h ,II< fOlI""'ing ,d.'.iOl"hip '" predict ,he ris>: of ,i"". d'nug<:-

Applied load > ti"ue ot,ength _ Ii"u" f,ilu,e (injury)

R,,,·.II fro<o the ,i""e ",)ul)' !>rimct " ,he <:oJ ofch.p"" I that ti'",-e ..re"gth i' rcJu.:,-J bj'
"""",ted .nd I'n.>loo'!1ed loading h." i' incre.sed "'ioh ,ub>equel\t rest aod adap..,i<m. An.lr~­
ing ti"",. £Oil"", in th" "'-'f ""lui"" two di"inc' merhotlologie,1 '1'I"O"C1te,- Thi, i, ",-hr ""e
,hdopeJ two q.,jte di",n<."t l'h""tori",, which k<l to much of the I'~ documented in
,hi, 000k. (1'1",.. "",e thot the 'we" used in ohi' ch'p<er i""luJ", m)' re«ard ,eam of ll"'Ju­
Ole student', ,;,i,ing ",hoi,,,, 'nd teehniei,n..) 0", fi", I,h i, equil'l""l for in ,;tl'<) t."ing of
.pi"".. in wnich we P"'l"nefull}' try to ,,,,,>te hern;att-J Ji"", Ja""!,,,J enJ l~Ol"", .nd "oh,...
'i'....-'f'«'iflc injuries. The .eom<l lah i' the in "i,-o lab, ... h"", Ii<'in~ p<:up!" (both ""'tnal' .oJ
l"Oen,,) are t"'t",i for thei, "''fOn,., to ",,,,, and 1n"ling_ Jndi,-id".1 ,i,soe load' ,re oI".i"",1
fn"n "'I>IIi",,,·.,,-.1 ",,~lding po"",I",e•.

In Vitro lab
n,. in ,;t",I,), i,<'t!",pped with k..Jiog m,dunes, an acederation r.od:, ti"ue ....ioning"'J"ip.
TIlen" .,,<1 '" X-C.}' 'uite tu <I<"'O,,"'nt i''''J!1''''si,'" 'i""" d,,,,,l!'" Fot ex>ml~e, IlJ' l""""--''''''''!!'
diSC<'Jll'"''''' ,'i,h "diCKIl"que ron",,,, liquids. ""e c.n <Iocument ,he meeh,ni", of I",-,!!"""i,'.
,Ii", hem;";'",_ lI'e i",,,,,,ill"e '''Yother in""" ",,-'<lunism, in the <an", ,,·,y-thtt i" hy,prlpng
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php;<~ogic,j I",d, .nd moti"" !"ttem••nd thon documonting tho '''''''.go with 'W",!,ri"o
,,,,hnol,,!,>'.

Since ",.ny tochnique i""", c." .ff<ct tho operi,,,,,n,.1 'esults, ,h. <kci,ion to use one 'wo!"
.".."he,i, go:>,.'omool by the >pecifw; """.,."h quoWon. Fo, <X2ffirl<. ,;nco' m.teh..1,." of hun,.n
'I'm,., to run. ""'troll.d f"luf< '«' ""''''''' be olJt>in<d. .nim.1 'nOOd, "'u>l be u>ed. I Jere.
""n,rol i, ""om..,.) 0'''' il""cti< Iloo>og<".i,y. di<l. ph;~;"'1 ""i,·i,l'.•"d s<' IiJnh 10 COl""'''
.n O'l"'rimen,.1 ""lion wi,h • m,["hed ,"" ofcontrol ,pi""..

Of rou<",. the ""ult> mu>f [,., ulid"ed .nd in[I'TJ,,-,~.dfor ,h..", [0 be reh.."" to hum.""
In :oddi,ion. ido"tif}'i"g ,he Ii",i..tio", for rd.,.,.,,,,,, in im.rpr.,.,i.., i, en,;"'\' So"", hYl'oth­
""'" Ih" [km",d tho use of h,un.n m.,.,;'1 >re «lOlr,omi",[1 1>;' ,h. bc~ of " ..ibhle }'OI.mg,
hC1lthy, und'-'ll"",,"'cd ,pecimen'. J I,,'ing h<>l'hl' opt'Cimen, i, cnti....ll"'".u'" bi<",,..,,h.ni<..,
.nd iniu'y 'tl.ch."l,n" ...di""II)' chong<: w'ith 'lIC, OIher ",,;0. ",,,,lIodologk..1i"ues i"dud.
,he w'.y in "..hieh hiologie>1 ,i,...c. >re IooOOd, l"",h.['S ., >pecific load r.,e. 0' .. 'f'I'Cillc "'es
of d"ph",-~n.n'.The re",:ucIK" "lU>f <Ie,,,,I. which tu, ,he n~,," rcl,~.. nco '0 ,he i...""., h",d.
De>1slng ,h.", exl",ri"",,,,, is '"" • ,ri,i,l ..<le.

In Vivo Lab
The in ,-';"0 I.h i, unique in ilS 'f'I'"",ch in ,".mpling t" ,Ioc"m.n, the Iood, on ,he m,ny
Iw"h., \I»UI., in ,,'''. Thi, l.n<,w'kdge knd, P'"... tful in.igh, m'o .pin. mech.nic>. both of
,lOnll.1 functio"i"g ""I of f,ilure moch.nics. Since ,,,nsducers """10' he ,,,,,,i,,dy implont<d
in ,he Ii"".. '0 m."",. fo.-ce, """in,'.';,-'. m.,hod, >r. no<:t">S>'Y, The in,.nlion of ,he I",ic
'I~''''>ch "to ""'>t•• ,ittu.1 "!,,no. l1>,,,-irtu.ol m"dd mu>! "'.....m'dl' "'p"''''''' ,he m."'",y
th" ,,,,po,,d. djn.miCllly ro the th'tt-di",,,";"',,1 ,notion I""orn! of ••d, ,<>t ...lJje<.. or I"tic:-n,
,nd mu" mimic ,h" muscle "";">lion palle"" c"'»en hy Ih. indi,'i,h,,1. In '" doing, it en.hb
n, ,,> e...Iu". ,uhjc"". "nique mo'"r 1"'"'''''' .",1 ,he con"-'l"""':" of ,hei, cho..", .nd .1011.

How the Virtual Spine Works
While ,"'O !(f'OU1" (the .\1....., !(roul' le.I(,. GrOl'''' ,"d ,\1.....,. I')')J) ,lid the ,\1c{,1i1l !(f'OUp)
h",o d.'n,ed "'"eh .ffo,t '0 ,h. d..."lopmen' of hiol"llie>lIy ,I,i"en mod.I" ,he A1cGili
modd will be dl",-""he.1 here gi,'en it> nmili..-i1j-' to ,he ,nth"" The ",,~lel-atdy",mic. threo­
di",.",io".I. ,n"OIn;"'Uy ""'''I~'''l~oi<'lfic>lIydri,...." 'Wn"",h '0 I'rcdktillll' indi,'idu,llu"'!>"
,i,,,,.Io,,I_i, «lOlJ>OS<d of 'wn di"inct pans: , Iinb,J_kg"t<n, mo<ld ."d , highll' <I.,.iled
spme ",,><leI ,h" deten",,,,,. ,;"",e Io.d, ,n,l spine ,uhih,l"

• '1'1.. firsl!,,'1 of ,he ,\ IcGili n>odel i,. ,h"",-,I;"'."sion,lli"k.d-",gme", """.....nlot"'n
"r the hody ",inlf' djn.mic ""d in ,he h,nd, " input. 1"'0 or more vi,l"" c.mc,,"-,")O It.
rtt<>rd ~~n' di",bcements ttl [''':O''''llK'' the ,oint< ,nd lo::HJ;' "'gmen" in three d"".",io",.
\ I'",linll" ,h",,,gh ,he .ml .nd ,runk Iink.gt using lin~ed-,ell"m."1 ,neefun;(:$, 'eaction 1\:>"...,
",d "",ment< "-0 coml"".d ,00,,' • join' in ,h. 10", h>ek (u,,,.lIy l+U) (pre,,,,,,,I)' ,lescribe,1
m ,\leGill ,n<! Norm",. 1985) (Stt figure 2.la), Usin~ pelv.: ",d '1''''. m.rkcrs, the ,hre. "'>C­
,ion ,noments,r< ",,,,'o,,.d i"to '"01"."" .bou, ,he th,ee o"OOpeJie .... of the loll' luck
(Aexion·extension. 1...,,1 be",l. ,nd ,ri.1 'wi,,),

• The semnd 1'''' of the ,\I,-'(;ill modd e".loI., ,he p,ru,ioning of ,he , ••t ..i"" "10""""
oI>l.inW fro'" ,he lin~W-"''ll'''enlmodel in,o lhe ,,,bst.n,i.! "''''>r>li,,,, """,,.n, component>
('" I'I'''rtmg 'i,.....) ""ng on ,n>tmni",lIy de",il,,1 'lu-,....,hmcn,io'" I rq>re"""u,i, lO of ,he <kd·
,-",on. "'n,do•. lig."..",>, nonli"." dos';" """",-.n.h,,1 discs. ",d '" on (see fill"r< 1, Ib). Thi,
pan of ,h" model w'os fl,,, de<crihed !ly ,\ \cGili ,,,d N""".n (1'1'06). w'i,h f,,11 ,hree-dimension.1,net"''''' ,1e>crihe<II,y MeGill (I 992) ,,,,I ,he """, ,,-'''''''' "1"1.," pn.>I-...1c<1 hy C"'......-icL:i "",\,\leGili
(I9%). I" "",d. 90 loll' hoc-\< .nJ torsO ",,,,,,Ii:> .n: ""...."',,L \ ....,;- hfie/lj'. first "'" I""'''' tis!<I<
0J.rc'C> .... f""Ilicted hy """ning """","",,,in or 100,1 de'.>n'I>'ion ...lationship' ':>r the inJ~'idu.1

I"-'-",'e ti"""" Dd'>rm>tio", Ole "".lcl,,<l f",m lhe th"",_d"nc"';o,,,,llum I"r Lincnurics """",rool
frnn the .ubjec,. which dm" the ,,-,,,dnJ kine",,,i<,, of til< "todd, P"';',. b,.... "n",,-~ 't'< ......11­
h,-"ed ..". the diA'""""-",, in A",il~l;tl' of ...:h Stlbjcct 1»' n"",,.liring ,h••,......,.... in "'C>'" '0
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Figu.. 2.1 The ti .."" lo.>d predict"'" approach t<quirt.. two mo:JeI•. (.) The li"t " a d;TI.lmic
'hr""-d,,,,,,,,,ion.Jllinked_segm<."'t model toobtain tr.e In"., react"", moments about the low b;ock.
Ib) The ...'<X>n<l model f'lrtib""; tl>,' ""'""-'Of> into ti;"", fort"" ,rnu;cle lort'" 1_18; liga""'0115
19_26; a",1 morn<.",' tootr,bouIion< from <1.."""",,1 di"', 8UI.,00 skin in Ix'fldingl.

tho I"'''''-~ rmg>'ofm(~K'""r.h. subjt.'<1. EJ«t,nn,S"ctic in5trum.nution, "-hioh toonlto" tho
,d.li,·" lumloor 'Jlgk; In th"", ilimm<ions. dot..'<1' thc l;o)"cd lumloor n>u,~"" Th. rot",ininll'
mom.nl is ,hcn p."ilion.d .mong ,h. m,ny fll5Cicle$ of mu«l. b,sed on ,hei, ><l,,·.lion
profil~. (mo.,uml from eh"I">mJ"S"'ph~' [E.\IGI) .nd th~i, ph)"i")"gi••1",,,,,_,,,,<.ion,1
...c•. Th< tttom"nl is lhen tnodul.led ,,'ilh tno,,'n ,d.,i<J1l>htp; for in.~.nt;m<O<l< muscl<
len~h Qf eithe< ,hortening or Icngthcning ,-elOCil~" SUlor"" .nJ .I1<Gili (1995) <k:><ribeJ lh~

rn"," """,n' imp",.-<m",," of lh< f<"re-,-ek,.ity ",I.lion,hip. In ,hi. ""y. ,h. ,,,,~lded .pine
tt"-"tl ...""riling ~, ,h< "',,,,,,,",n" uf 'h< 'ubje<t\; ,pin<, ond ,he ,-inu,1 """,,1<> "< .cti'-'l<d
,<CO<"<!ing '0 the oc,i,'''ioo ",..,,,..d Jim<tl~' fro'" ,he ,,,bjecl (se. figu'« 2,!, .·b. ,nJ !.l),

Using biologi",,1 sil!'"I, in ,~i, f"hion to so;". the i~,Ic~em'inocy of mu!tipl< load-be,ring
ti""", focili....", ,ho ..se"",.nl of l~~ trulny ""l~ ,h'l \1'0 <1"""'e 10 "'pron .,,,Is. Such on
..,.:>,ment " n«-"".ry for enl..tmg inju'}' m«.h.""m; md formul..ing inIU'}·.".",dooce
ini,i.,i,·cs.. Fro", • dini,,1 p"t">IJe<t.i'·e. ,hi; .bOlit~, to ",imic i"·Ji,'iJ,,,1 ,pi,," ",otion, ,nd
mu,do .cti,..,;"" I""crn, o...hk, tt> 10 .....Ju.'. ,h~ ""'''''lue""", of. chosen motor oonlro1
,.."t<IlY' Fur a:u"I~o..... <'On "'-"1: ,h.. ".M people or~ .l~. to stabilize ,hetT b..b ,nd 'p''''
,It<ir lu,nb.or ,i''''e< (rom u"c,load ",·h~" perfon"i',g "Jecific rooks, Coo",,,,,d,., \I'e.", .ble '0
...·.h..t. tit< .on""l"C""'" of poo.-I~'coosen moCo.- """<¢e'- In ,hi, " ..y "C •• n itlcn,if,. tho,e
m,liVldu.l, ",th perturb.oJ tm"'.. I"'t<rn, .n,1 'k:vi", 'IKrific the...pte> to '""W'''''-e health,·". ~(l<
I"ucrn, ,h., "nsu.. 'ufficien, ,pille ,..bilit~· ,nd ,pot"< ,heir ,i,,,,c< frutn d"".j!'inl! 1ooJ.

0", clullen!!" h., heon to ensure ,,,ffici.,,' biologi",,1 fidelil" '" tlul ",om'li"", of ,i""e
f<,...", 0'" ,..lid ond "~'u,, ''''CT' \I'id. nliet)-, or oeli,,,i,,,,. The .hr<~··dimm.~m.1m ..omy i,
rellrc>cn,ed in (OmpUlOr m..,,,,>')· (mu«:k .,..,.; .... 1''''''id<"<1 m 'l'I",nJi, A.I). On OCCIsion.
if ,he e"l",nse i, ",'o""nlOO, "-e "... le • vi"".1 'Pine of .n in,li,-;d".1 from. thn:e-Jimen,ion.1
" ...."'ruo';on 0(,"',,01 m.gn<~ic "",,,,moe itmging (,\1 Rl) s1Ke. from ,h~ htp ,,,,,,h.n.., '" T ~

(>rt figu", 1,!b). Thi. <"'''llOne''' ohi>< t""dding 1''''"''''' i; ...·<11 dueun"'nted for tho ntt<t",t<d
,..<leT in ,\1cGill.nd "'",m,n (1'186) .nJ ,\ IcGill (199!). A Ii'l oftho i"ll'e n"",berof.,soei J
",.,,,reh l"'P"rs pe,uining '0 ,i>< m.nr d...ilod ..[>OCt' of tho 1'''''''''' i. pro,..iJooI in ...1" .
",f<ron<-e ",,-'rrm .. ,n., ""d uf ,hi; !o;,k. See fi!!"",; 2A ond !.5 fo, 0 1I0",ch.n md o",,,,pI<
oflhe t.-Iding ~ss.
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F;gu,. 2.2 (.» Subi,"'! monik:><<'Il wtlh [''\CO ,"'-""ude< and el(>(m~n.g",-~", i""""",-'<>t.I"'" tQ diiOOly """.
sure ,h,ee-<li"""""",,,lluml,., k'",-"""ti<....",1 m_l<- "",;vity. (bl Tho.- modeh...J .~"" !f"",.lly "",,,,>l,uct<...J
h ill",,,.,ion P'"'po>e>, ol'hough for tile P'"fl'OSI" <Ji .r""l~i' i, «,,,,,in, in ffidlhem.ltk.1 hml """"" in
.>CcOfdor'l<." wilh ,he 'ubject'> ~i"". The vi"",,1 mu",l<,> .re .><:tivated by ,he EM(; >ig<1<ll> «"""ded frum the
!uhjt""', mu",I",.

Fi!\U", 2.3 In !hi. hi"Of":a1 f>OOIoon thengll!, an in<lrum<.'nl'od <Ubj<.'C1.imul."" the~Iex 'hret>­
d"nemion.:Jl ..nk 0/ ,,,,.ing.n obi""', The i""""""",.,ion ioclude< lhree..J,,,,,,,,.ion.:Jl video '0
e.poule bo<ty "'ll"""" ki"""",'oc., a '''''Ofding 0/11><> "'"",-d,,,,,,,,,,,,,,.1 fOffe vec'"," .pplied '0 the
h.<Ioo, • )·SPACE el""trom.lgnelic <Je.ice '0 recon:! i<Ol.,ro ,h,ee-d,mension.1 luml>.i, "",,;on .00
...,,, ,n ".n"ioning ,he I"'"...'e ,i"""iOffes, dnd 1b eh.<lnnel. 01 EMG t","",ode< 'oe.poure """"Ie
~,lY.'"",pal"""", A rnofe mocl<:<n d.ltd coIle<;,ion i. s!'<>wn on ,I><> Idt
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j Spinal model: partnionir>g "'lOClOon

.,.,.".",t inlO indNdual tiso.....

Kinomatic portion: lBody join!

--~ 10ri0flIati0n 01 rib call" and pelvis <le1e,m""" (3'SPACEll

"~-

I
I

eO"mate Onma' ",,"obral position I

Linh,keg....nt _I rl e.ltmal. ce"'Of 01 ''''''I''''' disc ITh_4"",r>OIOnIIJ
~~c!ynamoc Stored lij>aCi1li mMricfl:

Ro""I"~morne~t~
Irut",1 -.I.....t. 01 c,udoo compre..ioo P<!1,r..

V Mel ....or.t L-411..5 "'-each """~a
3tboIJt L4ILS doe

Orillm _ a<:co<di"9 10 ..."mat. I
I

Caloola.. muocio and 1'9"""""~ho
ond velocity oIlongth charql (<lI.i

Kinotic pornon:

I Caloola", disc moment I
I

Calculate ligament on_ and contrWtion to ,esloraliw~1

o.t.._ moment allocal"" to muoe'"

I I .t
"0

IPredic1ed ""'""Itt moments equal to oum 01 """,,100 .,.,.".",ta?~ ::.,-
EWR. l- I Convul8 totol dis<; co<J1l",ss""'..n.ar tI$'ng dioe modo! 1-----L.Eo
e~Gl0toroo I'-
~- I Compa,••• •t,_ (mlllCular,ligarnont, _tal) 10 _.""" <lal. 1

~""'¢>ond I Load t"'" hislon... &nd ftag ti....... """'" 10 flU..... 1
"""'«y por""""ero

I calculale O1.bOity irIde> ond "'Il"n v...... I

FI~"'" l,~ TOO model ,nf>Ul and ""'f>Ut .re ,fl"'''rared In thIS flowch,,, up ro the po<nt ai ""kulaHon of """'""'"
and ",,,,,, !oa<ls. Sj>ine ,,""ji,l\' i, cakul.lIed wilh an ,tldi,"""f modufe
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f ..... 2.5 V.,..,... oi model OUlpul ion "''"'''''*' 01 ~ wb,oa l\e>.orog. p;d"'ll .." ~ .... ~M-...I.
....' I~I """"'"' ~bOI.O d>e dwee •.-IIn _ LoIo!<'" bend, .oM 1"",Il; Ibl~ 01 ~ lew
ld«1<d _Ie> rIvooghooA d>e mol""" lel _ _ Ie f<)tc...; Idl U-l5 joont "", 01 eompoeo;.ion """ ....... :
(pllI.Ibol"y in<Ie>. """"' Lorll"< pooiIi,.. numbe<l Ondic~'e hfshet 1C.b;lily.M • " or ""'gO'''''' """""'"~
.....',.........,.blebo......."" is J>O<";!,k"
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Development
of the Virtual Spine
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Figure 2.5

The ,le,..lo!,,,,.nt of the vi,,,..1 spine
,ppro,eh h.. heen on ",vlution'''J
pru<-e" >p,n"ing 20 r"'rs. In ,h..
,im. we h,we h.d to <:<mfro'" ...,.,·"....1
'p<,-;nc i",,,,",, ".mtl)·. i>",e' of".1,,11­
'ion ""d 110... '" h."dle <leql mu,,1es
,h,t or. in••••"ihl. "·;,h ,,,,f,c<
L\IG .Iec~rod.-". BOldly.•lthough w.
h.,·. 'ried i""...,,,",,,,,I.. d..,U'oo.,
in highly ..k<:,ed condi'iOll'- ,hi, is.
Iimitlng m,.,.';,-e p",."d"re. Gen",..,H)'.
w' estit".." ,he deep ","",I••<th~,ion
,mpli""Jes fro'" ,,,,,,,·.,,,.nt S)''''''''';m
(.\lcGill.J"lcr.•nd Kropf. 1996). Thi,
"''''hod i' li",i..d, """·....."f. b",..u>c i'
'eq,,;re,. prior ."""'ledg. of m"",l.
p.tte1"l\< fo' , giv." momen' com_
bin"i'", in , 'I",,,if,,: ..>1;. 11". 'I)' to

i'""""l"""'e,he hilfh<::s< b'd ofrontent
,-.Iidity l>r ",i"g ,leuil..1",,,,,,,,,nu_
'io", of the on"o",)' ."d ph>-siologi,..1
cros,·..",;"n.I ....... r<:<>::>f'ding >tres...
".-.in ",Lorinn,],i!"'••nd ineorpo..'ing
k"""'n modul>wn of mo«le IOrrt .....·h
.. length 'Old ,'.Ioci,>', On.oI"our ,~Ii­

d,""" e>em"" i, lOoom",,,, ,he th",.
m,..""ed 'eoction mom"n" with the 'um of ind"'i<l",1 ,i''''e mom""ts pITdi,~eJ1'1' 'h" ,;TtlUI
,pin•. A do'" "'",eh "'gg.." 'Ii" "'c h." ,,«tIed in ocru ....tdj" repn=ttti"g fOre•.

o..'e' the "''' 'en p"rs thi, 'ppOl>,1Ch for p, heting indi,·;,lu,II"",I>.>, ,i.., ... I""" Iu, .""ked
to e".bl" u, to ,1",'Umen' ,pine ",1.1"1" In thi' ....}'. we eon ",..10'" .n inJi,i<l",I~moto, p"_
ten" .nd iJ,entif)-' " ....,<Jli .. ,h.. e"""e ..fety .nd ,I""" 'h" <:oold result i.n injury, Thi' i' '10' •
tn,'i.1 tor.l:. It ""Ioires ""m'ening tissue fo.... '0 stiff""...nd u,ing oon,'.rg<nc<: .lgo<ithm. '0
scpo""'e ,ho." ~ c<" nc"J,ed to en..te the It""I"'" ,Iu, ,,,",,n I"""'''''' ",<I ",,,,,,,,,,,,nt< f",m 'he
.ddi,io".1 fore nectlffllO .n",,,, ...hili,y. P,.en,i.1 en.f!O-·-w",d .n.l}'ses.re 'hen .",pkJ)"d
to id"",if)-' ,)", "m!>ili'J il\<.l.." in """h <kgree of free<lom of the joint. ",'hich in \Urn ,,,,·.,1, th.
~>rn'·••hility ,,, ",rvis'e • gi,'en k,.ding ""n,,;o, Thi, b·d of"",Iding '.pre,.,n" ,h. high."
b-el ofSOj>hi";c.oon t'urrently ""il.bl<. It h., en.bled us to dl.lknl!" """,,,ptS pemining '0
,pin. ,ul:>ility-rnore on ,hi, in ch.pt... 6 .nd IZ.

!
f "
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CHAPTER 3

Epidemiological Studies
on Low Back Disorders
(LBDs)

Defini,;"." e,perim.n".re ....c in ,he fields of licie""" .nJ meJi<ine, 1"".><1. condusion,
g<ncnllr em.rge f",m ,ne in"-gr>bo" 'nd 'j"",n.."i, of .,idenee hu.. , ,-.ricty of""'Te".

U,ing , 'i",il.' 'I~"",d,. I,,,)",,, "!I"e c..... "' ,.-nicn e:ocn pic...'e of",-idene< i' COl,<idered ,ir­
c,,,.., ..,,,i.1 in ,he hq", ,n" e.'en".. II~' ,he ci",o",,,.nti,1 c,-i<knee "'ill become ",'e""nel",ing.
Like I''''j'e", licien'ific r""",,,,I><,, g...nc. ",d rcg..her ciretJIm"nti,1 ,~id"""" hu.. ",,-...1
pcn;pt"Cti,..... "i!h ,n., 11'",1 (Ifundt"TSt:lnding "'u Ie • nd df,..". B~-"ud}ing,nc ",I, tion.n if'S >I1M"'g
,·,ri,b1C$ "'d in,-..tig>ling ",,,,,h,ni,,,,.. ,hC)' ,re ,ble 1(1 ron" I"" .."e",i""" ,h... Ole """'" .nd
pl,,,";b!e_ Thi, 'yp" "f re""rm "'orL, '''ge,her "i'h lr>IlgilU<~ruIl ,«"di... t.." the ",,,»,i,-e
bt.'ron idcntiflt...1in <he ",,,,-,Ito,,,,ti. 'lUdic<.

01h<l Cn.plC" in 'hi' book orc dedi"'l<d '0 in,,,,,igo.ting the ,..""". ",,,,,h.ni,,", "'i'hin
'he I"", h'd .n,I,hei, lin.. ",i'h g<.>o<l he,I'h .n,1 di..hility_ Tni, cltorre. foc"... on ,ne ""dy
of..""" ..ion' of ,..Ii,Id,.. ,nruu"" ".ri"". q>ide"'iolugiocal 'l'P""d"". S(I",. , ••den ""II fi",1
!hi,. wling d"l"er----... In}' "uden1< infonn tne, \ou ""y cno<:>«: l<) ,Lip 'his ch.p'cr. R",
,nose ,,-i,ning • fuller "n,le""'Hling (If ,ne cn,lIeng.. ,not lie in n"ilding • "ro"g found._
bon fOT ,ne ,w)" bc>' inl"'}' pltwn,ion .nd «n.h,Il..""n I'rugnm...e CI"-,,uIIged to 1t',,1
On. Doins so ~'ill en.ble }UII to 'ppred"e ,It. el'id<tnio!osic.lperspocti,·e, '0 h,,·., ",ore
oo,"pk,e comprehension of tne position, uL"n in tn. ,ex' IS • "'~c to red"ce tl>< cwnon\ic
iml"" of k,,,, hick ,Ii""de", .",1 '0 "nde"..",1 cen,in ",b.eqllen' '1'I"'''.en.... fco< prc""n';on
.nd r,h.bili ..lion,

So'-e..1 section. in ,hi, cn.pter ,,-ill help yo" "nJe"und ,ne risk f.cto... for 10", b'ck
tmubl""-'l'ecifieallr, ,ne eh.nll'"' in l"'r>otUl foc'o....n'! ,,-netner 'her COli'" bo.k 'muhl..
or .,,, , ",,,se'ILlCnce of It..in!!' ,hen', For the 1""1"'"" of this ,,,,it""'·. I,."ponctl 'Ii""bling 10",
bod ,,,,,,I,k...nd IlOSsilJy ..h'ed "'ork i"tole"""" ""ill I", refen-ed to oollcetivdr OS k",- bock
di ",..de" (L II D,). Funhermo..., ,ne 'enn J!<'""''''''fllttll<'S c:m inel ",Ie .n'nmpontetric .n,1 fi,,,,,,.
,..Ii,ldes, " ",ell" m(lWr ,,,,,'rol .bili,}·. injulj' h","')', ."d SO fonh.

Multidimensional Links Among Biomechanical,
Psychosocial, and Personal Variables
As ,lOtcd In th'I"cr I.....·cr.1 prominent I,cople h,,·. tled.red !hit f'Srchol!oci.1 ".ri.lIIes.re
tl>< 'nosl ,;gnifie-,nt foe'''''' in LIID_ Thi. i••n i"'port,n, i""" since effeai'-e inten;.n,;"n mo"
.ddn.., ,ne ""I e,"", .nd con><qllenee ofh.eL 'munk... tn ,h;' ,,-...-non we "ill see ,not ,in,,·
.11;' ,II ""die< ,h.. properlr nt"",,,red OT ,.. I<:I1I",d ,he ph}',i",1 tlem.nd> of ,.,'" ,ho"eJ th.,
people S\,bjceteJ 10 ,pecific ,"cen.nic,1 "......,,,.n: .. higher risL of LIID tn,n ntl><" but Ih..
,I><rc .1", '1'1"'"' '0 be ,une 'mrigo'ing i"u.._
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Three Important Studies
The f,,!Iowing ,hree studi« ore re";""'«1 hcre t.......uS< of ,heir 1"" inllocl"-" .nd future i'npli­
cotion"

• Bigos ,,~d roll",,!P'6' In 1986 B;!l"" .nd c'Olk"gues pcrlon,lCd. h;t;hlj- 4U<l1«1 >tudj'--""c
,h., h.. he,n ''''r inn.... n,i.1 in ,h'ring or;n",n ",!!".f'<!ing ;nitJ'1' pr<~'cnl;on .".1 ...h.hil;l."
ti"n-.. the Ik",;ng phn';n \\'."'ingto.. St"o;n ,ho Un;'ed Su,c", Thi, "'t""J'OCti,,, im",_
,ig.ti"...n,lyzed 4,645 injuri", (of which 900 wc,e '0 tho ~,,,, hack) ,,,'er • H_momh period in
1979-1980. The 'utho.--. ,q><,ned • ,,,rrd,,,,,,, lK:,wc"n ,he ;nciden,,, "fb-J.tk Injur,. ,nJ poor

'1'1',,;..1 ""nS" of ""I"'!}"C", perfurrneJ bj' ,heir "'I"""""'" wi,hln ... 'rIOilth, I'-ior to ,ho
"'11OI"lc<1 ;njo'1'_ Th. 'o,hof"s ron,,;dert:d tho J'OO'" ."jng< to ...presen, • P'fchosoci.t r.clOr.
In 1991 IIi!>"," ,nd roll••go.. oon<lUCIod ,longilu<!in.II"''''I''''-'I;''' "'udy of 3.0,0 c"l1'I'IOj'eel'
,tl~",iug, dunng wh,ch ,he", "'OrO 179 report.d low hxk injuri.., In. ,eoe,"'h.... coUOCI",1
person,I;". in,'cnwrie, as weU "4u<Stionn,i"" ,cfP',ding f",lil,' ,nd CO\Iurl.:cr 'uppo" .nd joh
"u<nc-tion. Th9' .1,., .n,l;=d 1"""",,1 &<10'" such os iso",c,rie Strcngth, 1l<::<;b,II')'. ,eruINc
COl,.ci,;', height. .nd "'tigh,. The 'u,ho... conclud.d ,h.. psycoo.ocial ",• .,o.-es-panicularl"
,hos< ,d..od to fob .njo)"",n,-h.d ,he "ronges< inllut,,,,,, of ,II tho ".ri.b1.. ",.Ij"t.<:<l. In fllCt,
lhos< "",.-l.:c... ",h., ou'ed th"l'did not on;'}"he;r;oo "'ere I,K5 ,im,," mor<: likely 10 "'f"-"'1' hxI:.
mlo,,. (",~I, ,..ti" • 1.85).)ob ..usf.,,-~ion,,,,,n,ed foo- 1«, ,h,n 15% ofthe ,-..,;."'-" .. :rn m/,,,}"
n>k nc.oc, m<-..n;nll' ,hat l1>o<e mm ~,% "f tho ",nonee wos un>t11lWlt<d ~,.-. In othee ,,'on!..
f"l"hosoci.1 f""Of> f,il"d <o:><roII'" foc 85% of ,he cou<1li"" ofLBDs. The 'uthOf> concluded
"mOl ,he st..isticolly sigl,if>c,,,,, though "Unic,lIl' mOO..., "",dieu,'" J'O"-.r of ,"'or. I"'n"'l>lioo.
mrl P>1,,/>ooociol f.eto<, foc ",pons of .cu'e il.d I"'in .mong indo"ri.1 worke... ''ll'"'' ,g>in"
,he <>:du,"'o us< "f on injUl)' model.o e'l'l.i" "",h p,ohl<""." Tn;, i,. nir ""nm,,)' of ,he
I1np];"o""n, of ,hei, W<ll'l.:. It Jo<... not mcon ,Jut m<"h.n.:,1 k,,,~n[{ IS uni",ponon'. Yet. m;,
Mudy i> ofte" quoted '0 '01'1"'" ,he "c"'1JOitl, thO! l><yeho.c,,:i,1 fac,,," ,'" ,h. It"-", iml"''''''''
couses of b-J.o:k di""'d".... lnt<rt.. ingly, ,\\0,...., .nd ooIlc'gu« (1'191) 'Iso foutld ,imi!>r odd,
ralios for ;ol> <1ri,f""ion (I,j~) in • ",.,>;i,-o ",,,Iy of -!!Xl r<petili"e in<b"tri;lllifting jobs 00::1'0"

..8 ;n,I""ri",

l'\.'fh;:trs lhe <r05l lucid "'-",nillon of ,m
(db ralio ("n be a.;hieYe<.llltrough an
,,,,,,mrle. Ii srroker, hoave Ihree ti""" the
ns\< of ,~!opjng lung (aoc<.'f lh;)l n()f1.

sntt.>O:oo do (I>erl\af" (, out 011 0 smok'<S
'" 0Jllt0'<'d to 2 001 of lOin noosrrok...."
lhe'}' h""" an e<JcJ. ..tio ofJ. 1hvs, an 00ds
,atio gre~l1-" than I suggc~.n increased
risk irc<t1 a specil'C factor.

Odds Ratios

• """""'" "nd roIltag..a. The r.I'st impor"'tI ""d;,
w., reported ill' ,\I.rr" .nd colle,gue, (19',15), "'ho
"''''e,,,d ",'.r -!!Xl indu,u,.lli!ting ~>bs '<TO<> 48 cliff,,\,_
em ;ndustries. The)' ....mined ",eJic-11 rcrord, in ,hese
i",l""ri", 'ocus.siIJ- coo:: h rype offob "being ei,hor k...·,
",ediu"" <,.- high nsk ~,.-,..o"ng LBD. Thc')',k>CUIl>l"l1'«!
• ,',ri..,. of mech''';C11 ,·,ri.~les., "eil .. r"'......;n~ job
..,i,f.>c6oo_ The Il\OSl powerful "n~1e ,.. ri,b1e fo< prc-
,~eting ,hos< ~~" ,nth LBD ,,'O, m>Jl;nm", low ~;>ck "".ncnt. 1n;, '""'lilted In ,pn-w<1;,'o ,.1<"
t'1,., of 4.04 be''''....n In~'- ,nd ",«Iimn-ri,~ llt""'1" ,nd , ""0 of J ,J~ lK:,,,,«n ,he 1"",- .nd
high_ri,. gt'OI'l"'_ OthcT ,,;ngle ,-.ri.ble, pn;.h"",d i"'p"",,'-e od<l, .. ,ios, fo< ''''''I~e, ~t,,1

'run~ ,'elocit}, (odd, "';0 .1,4~) ~,.- ,he low_ .",1 h;gh_m1: cornp,ri..," ,nd 2.4~ ~>< m>JlimLl1n
weigh, h.ndled between ,he 10",- ."J h;gh-ri,. llt""'1"")ob ",i,f.ru"" prooll':c<l .n 001, ,..Uo
or 1.48 bet"",," "'" 10" - ,nd high_risk groups ,nd of I.J! h"Neen ,he !mo'- .nd ",cdi"",_ri,k
groups. Tho ,.,..,.",he... on.ere,1 ,ho ,;ogle ,..ri,hle, ;n'I>' muhiple logistic "'gn:";on mo<leJ.
'Inc lr"'0p of ,..r."" "",''"'''' >ekcred bl-' ,he modd described ,he nsk in<b ...ell t......=n ,he
1<",'- .nd nigh·<i,k grwf" ,,,J ,Iso be,"'«" Ute I""". ,,,d ",cd;um-ri,. groups, S";t1b1l' "'fying
,he fi,'e """SU"," chosen 1>;' lhe ,egre"''''n 1"<""''' (nu.li",o'" ~,,,l moment_ m.';",,,m 100e..1
trunk .n""un-do",,)', ..-eng<: trunk ""st;ng \1{'''''')', lifti ng ~ue"'), • nJ ,hc " ...limo", ..ginol
,runk .ngk) Jec....S<d ,he odd, of bei"g , ",e",ber of<hi: high-ri,~ LBD group 0".' 10 "me,

Vecy fe'" cpi,lem;ologie.lI,. has,,1 'lu,lio, h..-c
.,npl'!}1-J ",">I>.bI,. "~lU" 4wntifi,:,,,oo, of hio",e·
ch,me.l, f")"'ho<ot"l, .nd pe...on,] f.etor>. T"" i",por_
ton, studies n' ....' ,hi, ",quirt",e",.
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(odds rauo. 10.6). Thi, ""IS on ;"'l'Un.", "udj' IU, S/>c<if,,.;ng e"<Onoi" I>!,}''';C",I ch.raet<ri"ics
of;oll ,bign ,h., ",du"" ,fie ,i,k ofLBJ) .",1 linbng eri,lemioiogic,1 fi",jing< ,,'i,h qu,n,i,.,i,·.
h',.neelumt11 m,I)',i. and l"j"h<"''''JaI f.cw" OCTl'" a lor!!" "',,,-I:ing 1"'1"'1.,.,".

• Nt"">tau (I"" rolkagutl. The oerond impo",n, "udy 10 ,,,,,,,,,,,,futly inle,!!"",,e hiome­
ehmieal, I"l"ho,ocial, .nd 1"""1Il,1 f:le'or< " ... condlJ<.~e,1 hy Non".n ,"d colle'g"•• (I'm),
"hoe..nu"cJ iniuries ,h"oe""rrcJ in a" m'O ""'mbly j>lm' ,h.. e.",plol',d more ,h.n 10,000
hou,ly p,id "",ker>. During. ''''>-,'''' period ofob;e"..uoo in ,hel>!,n,. the ,,,,hors ",poned
.n,I,,,,,, on 1(» co,.' ,nd 1,0 r.ndoml), >electc,1 ",,,,'n,1,. eo"" "ere peoplc "h<, "'1","«1
low· hoel: I"in (LBP) to. nu"';ng , ..rion: control< "e'" 1"'-'1,10 randomly ",Ie<.'tt:d fturn rom­
[l'nf' ros,er> "'00 did 00' report poin, Thi,;" no",blt "ud}' brtou.. the .u,hors ,,,<",p,e<! to

obroin good-'l",li,y 1",,,ho.oci,l. 1"''''''''1. an,1 l",d'0l'h,";..1,I", on .1I["nicil"n~,from .n
",ten","",_"';,,,'<1 q",-"';""n:.I; re, as well a' good-q u, Ii 'l', dm_"-11y ,,,,,.....,,'<1 bioon("h",iea Id,n
OIt IDe physic.1 deln.nd, of ,he jobs of.1I p'nK;p""'. 0\"OIe ,h.. ,he 1","Chophr";eal ,pproorn i,
bued on "o..b" '" If_pcrcei ,...1" ...."'._)Th. >lUll;' "" ...!e,l th" ",'..ral in,lepen""n, .n,l high I,'
<i[(";f><...nt hioon,'ClunlCll, I"}"h<",,,,i,], an<II",'Ch<~,h,,,,,-..1 f"'ton (idennfied a. ri,k be",o<1»
",i,,,,,1 in ,hose ,d><.' reponcJ LBI'. The 1",,,,,,,.1 risl< fx,ors mot ,,'ere i"duded "'ere "'och b,
impotton" A~e' ,diu"ing fi,.. pe"",,,,,1 ,i,~ fa"'OI"<. ,he "ati"icoJl,. in,kpcn(len, hio,,,,,clunical
nsl< b<1O" that emerged wen: peal: loml,,, ;h"" ~ll"C'C (con,e,,-.. i.-dy ."im"ed ,~Id. ",rio
• 1,7). lu,ni", di"" ro,nl"t,,~)n inttgnted o,'cr ,he w'ork .hift (odd, ra,io. ~.O), ,,,d pe,k
force on ,h" h.n,b (odd, ratio· 1-9). The odd, ,,,io, fo' ,he indepen,len, P'l',hcw>ci,1
,isk fae'o", from .monK m",y "ud;c,1, were "'o,kcr pe'''''I'"on. of I~~>r.r workpl.ee
<oXial en,·I",n",e'" (1.6), highe, jol> ,-"i.f,,,,;on (no' lower, ...ho,,'n ,n ,~c Ilo<i"g "udj)
(1. i), higher co"'o,~'" ,uppo" (1.6), ,nd pe,cep,ion of I:>cing more highl}' educ.,«l (~.1).

Pe....p'~"'. of higher ph,-.i..1 cX<nion, a 1"}'Chophpie.1 f,eto', re,ulted in '" ,>rid. ",rio
of 3.0, ",hiell i, I",,,ibly «I>«d '0 the <"I'.ei,y of ,he ,,'o,h, ,<Iau"e to ,he job dem,,,d•.
0"...1,' 45% of ,he ,01.1 ,·,ri.."." ".., '="'med for b,' ,h""" ri,1: foe,,,,,, w;,h 'l'JlI"<l,i",.,d"
l!% .ccount"'] f,,.. bj-' ,he I'"}"h<"""ial f,,," .....",1 J1% hy ,h. hi'Mn""h",,,..1 f,em,,_ Th"",
"'.ults ,re I'ery e,,""stCn, wi,l! ,hose "-l>Uo'ted by ,\\aml' .nd ronnl!"0 (19'15) and bj' Pu,,­
"e" ,nd rolleague< (1'191). 0,,1," fe'" of me pc".),,,1 f"",ors "'C'" .ssoci..cd with ,<po";ng
LlII', I""'" m", in,k>: (o:.tI, ,..,rio • HI) ,"d prior "'''''l",n..rion dalm (MM, ..rio • ! ,1)_ Thi,
<....,.....,,,,trol "udy i, uf h,gh q""lilj-' hu...u'" i, 0"'0.1 • b:attct)' uf"lanj' of me i>c" n\<'''or<:n,en'
"'ClhOth ,,·,il.bl. for f",ld use '0 ""'" """Y p',"CI>osoxi,I, hiomoch",ieol, .nd personal f.etor<
on .lIl"n;"ip.n" in ,he da.. pool

The e,i,lcoce from ,h. "",'p...h,n';,.. ",u,li., ,nggest' ,h" hoth I"j'Cho.oci.1 ,nol biom.­
eh,ni<..1.-anahle. "e <1nl""'.n' ri>k b<1<.... for LBD, I" l'ani<'Ol.<r, <:wnulati,,, I",ill"j(, ~~n'

,,,,-,,,,cnt<. ,rod ,pi,,,, ,he.. fur<:<" .re i"'I""""" T1>o«: d.iminK ,hot 0I11}' 1"~'"hoo.oci.1 foetOl"'
.... imponan' or ,h>, onl}' p/l,,,icall,,,ding f.etor,.", i"'po"a", c,nnot ""Mln" ",'O<Ii..I>I •.
J",_ha,,-'<I defen"", a. i, 'PPC'''' ,h" ,he da" ,h'Tquote f,jl to me"u'.lm~",rlyei,h., ph}',ical
,,,. I")"C/M",,,,;,I ,.. ri.Wo 01" both,

Do Workers Experience LBDs
Because They Are Paid to Act Disabled?
Sum. p;tpers in' he Ii,...., u'" 'ppe.. to <I i,mi" ,he lin ~ betw""n 1";n .",1 ..Ii" bili'}·. ,\1 O>t of ,ne.e
["per> d ••r1}' "ate ,Iu, mi, "'''100 i, ,,,,,rirte<\ <0 ·"'''''l''''-ifie hael: pain,· ",>ring ,h" >pecifie
Ji'g"""-" do i"'l"i, ,he ,hili,}'of. w,,..l:er to I",<funn , ""mantl;ng job. 110""-"-«, <oone ,u,hor<
b:a.. ,hei, ..gume", on me cu,n'''I'' ,h" 10'" bx~ ,i,soe injury he,l, in 6 '0 12 "·""k,, while
",h.rs h,s< ,hei, "l>""'e"" on • b<h";,,,,1 """lei of"h"",ic ["in ,hot i. "''' ,,,,.lIy o:""i"on'
"i,h ,h" finding< of ",he, ",;."ti&· '1'1><O:leI,..". A ;hon <li",o,,;"n of ,h. i,,,,o and e"·id."..,,
reb,,:d to ph,->ici.n di.W"";s, """I",,,,,,ioo, ,i.."" d..",ge, .nd I"i" i, """e",,')'.

The [Wlion th" chronic p;ti" an,l di "hili')-or. a funct.... of"'."pen,.,.", (,nd "''' "..,rn,ni_
<.. I fa"'OI"<) i, e'OO'radi""d hr .,';""""e ,h" low 1.....1: ,,,,,,Llc" o:",';nuc aft", kg-.I .."t1m'en' of
Iniu')' """pe""';011 (,\1e'I<I<I",,,, In!). I,r.dle, (l '191) b<li;:,'es ,h., ,he romo' bet"·"",, ,he
[",i.n' an,l ,he ",,,,ii,,,1 office, eh.rged wi,h ,Ie'"nnining ,he ""'''pen",''>ry ,,,.. ,,I "'u"" ,h"
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l'I,ic"" to Oct dis:abled ,nd th".."" 'ny in""",;,·" '0 K~ ,,'<11. '1'",,,,,11 ,nd Sh'l,in> (1998) sh.red
,hi,op;nion in, ""ie"'o(""".. Idiff....mt chronic I"';n ,1;,o..Je"" .. ,lid Rain,illc .nd coli",.!!,,,,,
(1997) in .",~h.r ''''Y nicr >rudy ,hot '1"-,,ifI<111~'"Wr«s<d chmnl< LIIP. 11,,11<7 h.. ukcn ,In:
1'"'"'''''' ,h" ",,,,haniCll betor> .,..,. ~". ,he n>os< P'r!. of linle n"I~'rt.ulCe;n ti,her ,.. o,in!!,
or reh,bilil'ling bod hock, ohe" compared ,,'i,h ,he p'p;h""""i.1 n>o<lob,,,,,, (e.g.• H,dler.
100 I). His ",I""",,, clto,ion of ,he li"' ..'ure exelo,!L., "",ide""" linki"g n,,-,,!un.:.1 onr!oaJ '"
,i''''e d."'.ge ."d i!!"""", ~...ral i"'lJOl't.n, i"terHTltio" "owes. For e;<;ompk, \ \b,,,,k< and
H'r! (100 I) sho",ed ,h.. p,in pmcrn, "po" p"ie", p"""'''Olioll, ,pecifIC.lll' ,,'helher ,h. p,i"
"",,,tr.h,,,,," 'M' no., ore moch mn", po"erful prewctor> of chronici!}' .h", the p'~"hooo:ri.1

"m.W,." .htT studied,
Of ,he "'.,,·...1p'rlies in,,,,I,,,J in ,he rompcn""i"" .)'S,em. ,II "'i'" for, he.lthl' I"li.,,\.

110",,,,'CT, se,.."..J r.e1<,... coml"'" \0 mili",••g.i"" '" optim.1 p""""••nd experience for .11.
Son", o"lOrton..e p"ien", .'" "-le<1ctl fror" ,h. ·cornl'" Sj-'Sl<,n 1><....."", ,hey foil '0 lI'" I><..-.er,
or oclu.llf' g<:I "0""', .nJ.re I.bd"l nO"'OWlp];,",. T1>i, i, l.rgdl' !><.'Coo'" ,he <'O<np s~'St"m

u,,,,,lIl' emplop • ",h,h 'PI'"",ch ,h,t hring, fin>lity '0 ,he Cl". Tbi, ,pprooch i. often l"",,'"
.. '"",rk n.rdening" ."d i, d",roet.mcd by phy"e.1 u,;h th" h..,< • ')'SI<m,tic ,d",dulc
for i'leI'e•...J ch.II."ge. Some d.i", ,h>! the '),1" of ch,I!e"ll" or ~.erci", or "'ork ..,k i, no<
impomn'-only ,b,t i, be i"'rformed. I'..i."" 'r< .ncooroge,l 'n work <oough ,he p,i". Th.",
"no qut.Uoo th" <ruin}' l'''le,,'' ,~ow unokr ,hi, 'PI',,,,,,,h .nd .n: 'nCl.""folly discb.rgcd
.. employed ",ork...... 110"'<1:«, ,hi, ,ppl'OllCh i. not fur "'''1)' p"i""" T)'pit...II)' ,hese st,l''' 0(
pr<>grtJIJS Iu,,, ,;gnificant ,1,,>pOo, "tes. The comp optem u,,,,lIy l,he!, ,hese in,li,idu,I, ..
·"'''''-'MJ1p1i",," ,nd th<'}' .'" ili;nu>.«d f""" I"l""'" "')'chn'oei.1 ,"'un .r< o<lJ,II~' gi"cn .,
r..,.,,, for ,heir i".bili,)' to ffi\le. "Iy opinion i. differen" ,\I."l' of tl,,,,,, i"di,',du'lo; )",.< b4els
,h., m'~'be "n>t.ble•• n,1 ,he "."..k h.nkni"g progr;om i"""'l""".' ,he ini'''Y mcch,ni,m
" 1"" of ,he '",,'me,,' and m.kc." them "'ur><. Butl.r (e.g,. 1WI, 1000) Iu. ,1>o:umen.,,1 for
)",rs ,h., '1:mral ",,,,i,h,nion " ....h,,,',,,, ••"d "",,'o"d'l)' h),j.....lge....r< ws<:d on "",",ur­
,hie cb.ng.... in n.n"". ""l<lu,", ,nd Ih., more I"in during mOI-'"mOm only heigh,o". ,he
,)"dn""", (k""I!" tiM'",..-n" c.erei", h.. "''' l",en pr"",ribed, ,he .i""t" "" furth.r <lollLlged,
or at Ie." pte,,,nt<d from ltc.ling. For ,hese 1",i"",. "'e ""rk to dimi" ... 'M cOo'" of ,beir
I" in ."J ."","" I" in· fn.. ,her, 1'(.'<Ot ie ex< rci""" 'J"'Cif"" IIYdesignod to oMre.. ,hei. deficits ond
,he ,ern.1 <..0 .. of ti",,,, ,,,'erk,,d. E"en ",i,h ,h. mo" di..hl"i ofhxh, ,ho... co"-...h.. h"'e
been cb."fi,..J .. f.il"",••nd l.helcJ ",nh no hoi'" fur "",'n'el)' (i,e.. 0% eh.nf< of rt:!orllnlg
'0 ,,·ork). ,his 'Pl'"",ch get> .bo", 35% bock '0 ~'Orl.

Tho" .I.ho"gh .he topIe ofenmpen..ti"" i, imporun., i. i. irrelc>..", in di...,.\ion. of ,he
hnh l",'w""n I""ding .nd LBD. Compcn':lfion "'oc••hould not be osed to ''1l''e '!l",nst ,he
e,i"ence of • ",,,,h.nie.lli,,k Ix:,,,'ce-J\ iniu'y .nJ "ork lOle"'n~ 01". ".0!'Se )"', '0 ,,,gg<:st th..
the remo,..1of eQmpen..tion will e1im;n... ,he Cluse of ,i...", ,lorn,!!".

Does Pain Have an Organic Basis-Or Is It All In the Head~

Much h., been ... rin.n oI,o"t ,he 'W.tem ,!>sence of an org.nic b"i, for chronic low b",k di.·
,bll,,!, (",d 'Mher <brooK: I"in 'p"lromesl. ,I.,; "'lied in elup.er I, " high .. ~; % of d,..hlmg
LBD c.....re "bi",c..J 'u h.." no olefini,,,,, l",ho""4",,,,i,..1 di'K"",i, (Whit< ·.nd GonIon,
19i11), 'I-,.u oonclu.ion. h"'e bee" l:>n)po<eJ:

• ,\ I,,,y LIII) pot""''' p""",n, "i'" ""'-"'OI'g>nic"l!""" 'oggestit:>g f")...~icol di""rbonce
.. ,he Cluse 0( .hei, oondi'ion.

• Poor di4g"""ie ,cenniqu",- <ither from i",dcqo"c1y <rll;nctl doctors"r from li",i""io",
of ,,'i,ldy ..·.il.hl. ,ji'gn<»ric tc,<;h~" h..'e precloded the m.king of"u"l' ..,lid ,li.grlO'eS.

Tb. fim c':>ocl",ion ,ugge'" ,h .. '00 mrrec' <'<>II"" of 'e1io" i" '00'" "on,li'g"o,c..J" CO"" i.
'0 ignore j~'p~~"I(i<...1i",,,,,, ,"J .dd,""'o"I)' 1"')Tholog;,..l or 1",)Thoso<.-j.1 f,.:.on. The ,,,,,,,,,d
""""1,,,,00 ."ggc....s ,h .. on< .oo"ld no, i!!""re the J'O",bil;,ieo; ,n., more ,noroogh J;.gnoMic
'ech"i,!""" <,<>111,1 onc,rth ph~~K:oIClO"-'" ."d .h" ",b,hil""i"" 1>"",d on ,hot ..,omptio" conl.1
be "IOte effi....,n·e ,h.n r<h.hili.. ,ion fur J",)"hologi<..:I di""rI..",,, .I"nc. le,', eDmine exh
of ,hese ''1l'''"e,"s..
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Does Absence of DidgfWsis Imply Psychological ClYse!
\\'"klell .nd 0011",8''''' "'TOle m.ny m,n'''er;p" .nd gui,leline< (e.g,. 1980. 1'ill4, 19S7) on
"''''O'WonK: ,;gn' in p,uen" to ,ul~..t the ""bo" ,>f l"ychol''l(i,..l di,tum,nce "'''mding ony
potl'K>ituto",k,1 tissue 01.",,11" (becouse ,>une " .., di,~). Yet m.ny of thesc "'lOf'lotjpnk"
,;gn, '''' peecisel)· "'h" "c ,,-ill u>c din~·,lly to ,bect h)1",r,.""i,i,-i'r '" k>o.ds th" ""use poin.
For ClUmple" comp".,,;,,, injury "iren ere".. p.in u",1eT '''ry m,ld compre,.,.,n ,,-h.n the
i"'rson i, in • lI""ed '"~ <JUll,t>cd I""'un:. Light tUlleh ,,,<I rcpuned poin in • I"inful re!(it'" tn'j'
indi"'te • highly «nl... lll· ...,n<ili,"'" p't;"nt, \\,h;l. the oo""'ll.nic ,ign, t11')'be '"Cry hdpfol in
.lefimng ri.k ~J< surgicol ".",lid".., ,,-e toke the p<>!dt~mth" 'hey do n"l ind;co'" r»ychokwcol
",'erl,y-in fan the beh"-ior "";' be ph)'siok'lli-.. Il;' b,><.'1. Only. rigorou' ond ""npk" e=n
th., includes p",,'ocoti,'c t""ing coold pfO"ide C\'id<ncc '" '"Pf'O". lhe di,goo"k hypo.h",;,.

T..",II 'nd Shop;", (I W1l) ,,-mte 0 n;"" "'''"''''y of on .Xlen';,,,, experiment.1 lil.roture
"'lISe,ting th., ,h.sc poin 'p"I'IOIn, ""y ,n<lred h,,',. ph)"",',,!!i,,"1 b.,is. They rt~-;.,,-..d

the recent ><."icoce 00 the 'l'"",d of n<:uron e,(ie.hility .nd sen,;ti'''inn (>f Iklj>eem neuron'
to ""pl'i" the ",n,.tinn of r"O'lioting I",n in chronic cond;,'oo•. Chon!!", in neumon'lomr.re
coupled wi'h b",ehml.,,1 "h,ng<' "'lth t'hrome po,n, Foe "",mple. in fibtunj..lgi. p"ien".
numerou, "udi.. h.,-e sIIo"'n 1""01, of SUlostotlCe "1'" in the ccrebrosp;n.1 lIu,d eh..ted '''0 to
three 'imes o',er thol ,n control, (repo:w<e'l in • ",,;ew hj-' 'Ih,dl. 19\17). Wh,1e ,he n"""rgonic
>i!l'" d"",ribeJ in W,tIdeli' 1"1"''' .n: "nl"'IT"" e'O<l,iderotim' in m.ny ,.,"" ond are , ron­
tribution to dink.1 I""",i,:". strong ""id<nce "'ggt'>ts th.. m.nl' t\OOOtg".nic ,ign, n",l' "01 be
""du,i,'c of • P'II>o.>""to",,,,.1 """,h.ni,m thot hos duded ,~,gnosj"

S"",e ho"e .rgoed thot "" link e..... be"",wn p.in and 0""" don",!/" and "~"")' intolero""".
In the .losc"""of"" d,rttt ",-i<!e-ntt, ""',I< lI"''''l'' h.,-. ~tnpl)"""''''ed 'hot nociet:pti,,, poin tlut
i, not ,urgic.lly oorr.....b\c (lI' {Ii" hos oot ,mp"""",l witliin ,i, "'eel, shool,l not be rcg.nkd
.. ,~"b1ing (e.g_. Foroye.., 19')\), In foc~. the F'J<dp,e ""''''>gnph in;tioted much tl'",,,..i,,,,.
i"duding "'.....II ...«r; (e.g" Thompsonl.\lcr>kqflhselllForJju. 19%), Fo<dy."', 1m
<l"emenl' th" ",he coors< "." ore presently on th...,.lcn, di,."ec" and (hot ·",c ch.ng< 01" go
lJ<"ke· "",.. I"rtirul.rirr,-~""Iing.The lugh co" "f<r.oting ebmnic poin 0",1 ,Ii"hillty .1'1'"....
to h,,', m".i,..teJ the "b-,tiOl' of the i"'I",n.." .. of 'he l"j'(·Iiosoc;.1 foc""" SO "'''I'''"i",d in
thi, n>noogroph, It i, .Iso i",er...ing to ol"""'e lhe .to.e"""of.ny emi""nt hiomecho"icol "-'I"'rt
'mong !he auth<J< I,,, "f the Fordyce report. The ' .. n"li.n P"n Soc;etp"tcod th.. the Fnn!;"e
repun li'er..ure "'.,.IeW "i. incUrtlpk« 'nd doe' not rcllcc~ the ",-,"teml"''''u)" u"tk.....ndmg of
ehronie low bock p.in" (rhotnp«'n/Me"''':rfl~.",II/Foc<Ir<e.19%). ,\1",,,,:,,,,,,", the 1'0,..])'<"<:
report lorgely 'goore,1 the "",knee linking mech,m",,1 ""t'rlm,l ,,, ",e..",rob"' ehonges ,n ,pine
hiume"Ch,"." 'nJ 'I"n,lp.i" n-curo,,>O<.·h'n,...1me-cl>,n,'ms, ,\nother a"umption of the rt'pOrt

"'O, tb., t1>O,t ,pine LIID,.,.. nonspecific. m.,ning simpl\, th.t a di,!!"<,,i, " .., "''' "..d<,

Could Inadequate Diagnosis Be iI Fdctor in Nonorg,-.nic iBN
lIogduk ',Id colleague< (1996) .rgu<tl tI,,, p.oin .ri,;ng frur" n,.,,;' ,,~n.1 tissues co" I:>e ""rihuted
,,, a detcctoble I";nfullcsiun. F"r e"",ple, the focct joint< ",ill p"",''''''' po,n "I"'" ,,;mlll..ioo
(.\Ice.IJ, Park. and O'BI1"", 1919). Bogduk> po;n' i. ("en.inlycocrc'Ct. Ilowew', bee"u", no,.l1
l<:sion, ore e.~l)' d<tect,bl., ""'" "ot"'01 .rgue th" if, lesion is !lOt d<tected there i' "" OI"gonic
hosi' ~>r p.in. For e""'ple. fl">CtUrc, .nd menisc,l te.,., tb., h.... been '\etected ;n P'J"moncm
><od,<'> h,ve n"l ,,)'o"n rodiologic..lIy on plonor .'\:.roy (JooS<On et 01.. 1991; 'E')'~J<, 1",,,,,"}·.
'nd wrker, 1990) or "" """puted "''''''ll''.!my (.11 (Seh"....", <:I .1" 1995). No< h,,'. freshl;'
1'",01,,,,,,01 fr>e{\Ire, .nd .rtiallo, d.m.go b<."u OII"".. "Uy ,letecuhle ..di"l!rophicotly in ."illl.1
modd. <,'ngllng .nd ,\ lc{;,II, 1(00). Ye"" th...., .re the e)1,....1ill'lf"'''tic I"'"""lu,", ",,-,I

Ime,...tinlf1j·. Bogduk.nd ",oil..!!""" (19%) .nd Lord a"d "olk,goes (1996) >11,,,,-,,01 th..
injection of ."""heric (pl.eel-.s-oon{l'olle<:\ tli.gnosr;'; hlod') conv;ncingly d<,non"..les th..
focct ~>in" ore often th.."e of pain origin. Further, dioc ""tl,e", e..mlning the I"in re,,_mse of
",ell ,,,,cr 1000 di><:s ,n ,>s'er #lO p<Oldc Ilnd<l)lUing d''''''W'''I'''j' bj-' Vanh,r,,,.. and ""Jle'""".
(l9117) (",bscq,..nli)· ",.pproi",,\ by ,\looe<o cl .1, in 1m.nd repor",\ hj-'lIogcluk e, .1. in 1996)
",,,,,-cd. deor .nd ""'>ticolly significont COrTebtioo hetwe'Cn disc pain .n,1 grode J fi ..ure.
of the ,""ulu. fib",si,.,\1"" phr.iei,rn ,,-ouJd proh,b1r 1101 detc"Ct these de,,1' fiS<urc" of the
,nnolu,. [n , rigo""" .nd 'ystem"ic <tudy (>f d;.!,,,,,,,i, h.>ed on ."""h.tic Idocks. Seh"..",,,
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"'d cvIkalf\lcs (1995) ,,'.re .bI. 10 di.!>""'C ...·cr 60% of,1>< LED cascs cited ill the ",ud)'~'

Jlog,I,,~ .nd colle>If\I" (l<>4h) .. bei"g in,ern.1 <Ii", ,jisr"p"i"" (39%), f.eet join! f'>in (15'.\',),
'nd ..c..-,';Ii:o< 1"'" (11%). Il"gdu~ .ml colle'If\I<'S (1996) "'led, "If jn,ppropri.,,, ,"<t> weh ,.
DIG .nd im.gi"l! .re u>«l, "",hjng ,,'ill be fuund in 'h" ,n.;on'r "f ca"", fobelJ' justilJi"l!'
,h. imp""';;"" th.t n"thing can b. h'nd." Cte.rly ,,'. m",t q"..tion the ".te"'ent that1!j%
"f LIlD c.,.."'u,, i,hop"h.. ".. Iu,.., nI' d<lini,i,.., l",ho:,.n."""ic..1"m",.

A, ,h. \\I>rld Congress for Lwnbopd,ie P.i" in 1995, Professor Rogdull't'U\"""d ""n)'
re"",n, to """tion .goinst defa"lting 10. I"Jeho::tsoci.1 co"sc of b",l U'OUh~ "'hid> "" most
'ho:>ught p""'oling

•

•

•

•

•

•
•
•

•

•

firs, """,,,I,, Th. ",,,.1 pl':I<\icc of, I(I..,ninu,e ron,,,h i, simplr roor I"""",icc "",h ,h..
,h.r. i. no .h,oc" fo' • full a.",<...--n"n' "f",u..1m."h,n;'",.,

E,;dc,...,..",,,,1 m. n'lI"mcn', F,,,h in I"s<i,'. in 'm'.n';"", con,inuos> Io,<lj ng to, feu"".
non hj' .11 pmi",; gm,,, I"""" dliGlty.

1>"", "f<"nifi<..t", Ro,h..- 'lun engoging p.,ient>, "OC'OHnng ""1<-" "f ,h<;c 'T<J()I~..,
.nd soon. a di"iei.n m.>., ,he decree ,,'ith the i>8<>'''''' of. ""njfK"J!C for t;me off, ligh,
,lmy. 00" W fonh,

11"0'.1>1""" mlerv"ntKm: 11'" 'he '>C<.'Up"~,,,.lIr ,.<1"."<1 "u'" "f the h:o<l pn~,I.>m

,dJ"'ssed,
C"""", treII,,,,,,,,,, \\~, tl>< ""'''''"n' al'f'<"OIlIi.t< or mor" • c<HI""Iuen.:" ofc'o.wenienec
or "·l,,, nUj' I>< ,od.III' COrre<:l,

In'""tigotions: Prolooged p.i" requires ,hor<>Ugh in,·""ig->tio!l. F.lse JX>Siti"" from ,"",
,'" an i.rrogenie nighnmre ,,,,,I their I""sihility m"51 b. CIlt1,i,1e",,1 in ,h..., ,......

·I.....tme"' of chronic LBI': Simpl)' ,h. ,,'rong t",,,mem or ,h...p"u\ic ..ere;'" u-..
J>Ur<ned.

Lodginl!' d,i",: e.""t'<n,,,uo" ho"d~" ",.de.n ir>ror""" decision.

L,u1'crs: En",ur'ge "'''inmen' of 'he di",I,;I"y r,,,. ,,,.,inal d."n,

&pcn "i"'e": False u'i'''e'' d.u"ing 'hc <..usc to be l"ycho:"(J(·i.1.

I mu" 'dmit 'h" I h.".lud to dc,1 ,,;,h ",,'e<yon< of t..... poin" while ",,-,,.I.:mg";th I"t;"nl',
",«li,,1 n"n,II'-'''<'''' group., md 'h" kgoll'''''-'-"'''' Th<1,.re Ol"lut"",

Helpful S/rd/eg;e§ for Undidgnon~dLBD§

Some phj~iei.n, 're de"ly f",""'ed ",;,h ,he ,1eI'l",d imp",,,,,,,,.nt of "n,Ii'gn<_1 chronic
LED p'u.",,,, TlU. f""O',,;on, '''l!"hcr "i'li ,,,,,,,ern fu.- 'he fi""""'al he,I'h ill ,he mmpcn­
so'ion 'l",em, ""I' h"'e ,no,i,'''ctl ,I>< Fordf'" rei"'" to empli.,;.., IlSychosoci.l 'llO<Iulators
.. tl><r ,Ium "rg.nicollr hose,l ,,,riobl.. to "'pl.in in'oI""""" '0 cemin l}l"" of octi';l}', B,,'
tlc,lingw'th feu..... 'ion on tl>< h,,;, of f,1<e '''U1nj>tJ<>n, will"'" hell' the "nution. \\'h,', ,I><n,
.'" more u\tful opproaches '0 undi.gnosed chronic "se, of LED?

A. llfll'ctl e.rlier, m.nrdinici.ns do not luI'" th,,«p"";'" or tool, '" <li,gnose Iuoc~ tfnl,hles ..
, ';"",,-1>.>«1 le"-'1. Pro,,,,,,,,,'. ,,,,.ing will "n,hlo m.ny I'lip,cim,.o ~I"n,jfyI"i"ful mo',o,,'
.nd I""dj"g. IlJ' integr.ting hio""",","ie' ,,·;,l, 'och ,,,,tilll!". physician, m'r be .ideJ i" m"'inl!'
function.I,li.gno:>se<,

In , 'm.1I .tudj' Del",,, .ml coll",gu'" (I 'l?S) ,uggest.~1 'lut 'l'l"''1",,,dr d,,,ified h.ol
f'>in suffere" (those with fu"cti"",1 da"'ficllion' r"her ,h." 'bue-speciflc diagtlOS<'» do
bell..- with ,pecific t!'Cot""",ts Fonl><r. a, I",;'-nl< progr-t'ss ,hrough ,I>< reh.bilim;"" process,
'hey "-".'ffi to n"luire d,ff."-,,n' ,,,,,,men\'I'1',,,..h,,,. For ex:.rmplc......., ..1••u<li...ugge" ,Iu,
m""j>Ul"ion <..n be honefid.1 filt ,,'Ut< ,hon-tenn 'tun!>I"" ,,·hjl. phj~"",1 ,h"..p}'.oJ ",<-r­
eisc app<mo<:hes oppc.r belter for clironic condi\;"". (Sbrgren. Corl,son, .nd Oberg, 19911). ,\
m'~>r limi",jon "f 'hese .tud;" js 'lut none Iu, ,....."',1 progr-t'"i,'e ''''''m<~'' ,h" 01u,,1l"'-'
.. ,h"l'"jon' prug<'''«'' 'lirough the ",h,bili"'io" prot,,'" wh...., ,hey.1I h,,'~ .."",<cd only
';fig'" ,"'.u''''", .ppro",hes. Future ,,"udi.. tHu,," 'M"" the "ffi<":lC}' of",.g<:<!I>rogroms in "'hieh
<":ltcgorized f'>.ien" foI~,~' l"Ol>""'i,'e 'n...Unen' in\'Oh';ng ""..,,,1 sequenced 'ppro:o<hes,
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""":W1U>O 'WLl-''''~ "! 'J<" .'lLlO< J'ld O'.lt>dd. ""-"'''J l'UO<J:><I1'~' ",00 01 ~OlN""'U. osl'
'! II ("t ..,,~l.~' "! I'""""'~ '! J!"!P")IJO ",t" '!~' """/ JI"!'I"';>; ,li'Il',!, "'OlU.ll,,>J1n) ''''''!''
.'~'>Ul "'~'" "'I 1'><"'" "'!,"!Il! ,", "'~, '''''''''\.Xl' 'OJ lU!''':><I<>Jd "".>Ii, I'll> ""'I V!'
JO 'I"'u:><l "~""I ~"." 1'''''''0''''' "' I'Ll' l:l'lUO """H>JYJO ",n" "owwro , "'"" SOU""I""
10 .I,,!'.., , »OJ,. <='''l,I,,,., lI""'''' 'II» "~ll'>IOlj (1861 '1'·"11 pu. '''\U'I\' \!,,<:uLl ,;;'.,_""
..~""'" 'd1l1 JO """0 'W!'·''''y J(~ ~>U .,,,ro,,,, P"'''''''''o.:> 'P'~'" , "! .1'1'":><1 '-Iro:,~ , ",~,
",ow ll"'I',,:>d> "'1' I'''''''J 0<1' """,n, "'1,1. 'JOuut ,(l""l''!' ,to." "'" 1"1' ,,~, "'OJ ""IJ!,,:{ ",
"I =,"l1O Ql I""ro"'" ",~." "'td}O """w "'Y '!"'I' Ql 'U'!' JO po!,,,,1 -"''-''''I' ' 1"'>~''''Ol'o;,1'
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Rlenng-Soren",n (I9\lol) 'e>ted 449 ,nen ."d 479 "'",,,en fu" ,.. nc'y of1,!lj',iC11 ch ct<ri"ics
m,l sl><'''ed lh'l ,Iw"" "'i,h I"!!,,r omouot< of 'rine ",,,bili,y ond less hn"b.>, c"en muscle
endumlCo (n"lqlCndcnt f.c1o,,) h.d on ,,,,-.,-e.,,,,d '''-TIIrren", of firsHillle I..d trouhle<. L"o'"
• nd roI1,.lI"es (1995) ",..,h<J oj milor o:>lId",i"".. ,\ I",r"I'«1>du r..ltt••nd t'IOt ." ,h,..,,,o,,,,,,""
,·.n.bI".. 'PI""'''' '" be pl'Ole<:li.e.

Some inj"ri", iu" h'l~lCn .. ,he ",'ul, of",,,tnr con'",~ err"...,. (rfti, ""«,,,nng n"'Ch""i,,,,
i, In,nxlutcd in rh.I''''' S. "hc", "e dc<c.,-ll>e "·i,,...ojng.n i";U1)' u,ing ";,j",,fluoros<1"j' to

,·i....· the -[li"",) The.. m,}' he """id<",d r.n,loon ""ent< ond m.y he ''''''''' likely in I""'I'le "i,h
f".">r mot<>r "lfltn~ 'plc'm' (8re"-1on md AlC(;ill. 1999),

How Do Biomechanical Factors Affect LBO?
s..'e..1,wroaeh... h"'e l\ro,';de<! e.'idcnce in", the links be,,,',,,,n bi-o",<eho"icol (X,,,... .nd
LBO, A fe,,' "e ,nmm"i..d he,e,

Mechanical Loading and LBD: Field-Based Risk Factors
Of ,he epiooniologi<:>l "u'!ies ,h'lle"" focu<ed on ki"""u'ic .n,lbnetic hi'lfl..clun;"'l f,.,<>I'<.
• fc...., imTI"go'cd I,,,,ling of]"", h.ck ",."""it..1,tru<.'tII" Th... """ld b" c"n,;ocml '0 h"
,h", ,u","g'''' ",ide,oc-e, Th, ",.jori,y of tll<' ""db.. hm" ",.•......-...J indirOCl ,n..",res th>t
"" linked to _pi".lloo,ljng ,,,,,h " d•• p..,..,1tt of"",ie "...,..k posl'u"", r.-"Iu,n, lOl.,;O bending
.nd ,...""ing. lifting d"",ond" p",.hingor pulling ncrti",n,••"d ",en;'", rC'P"tition. While ti,,".
o"crl"ad i< the eau", of ti",," d,,,,a!!" ."d rda,ctIl"ck ,rouhles. ,h....- i"di" ..... ' ,,,,,..,,rcs oflOlld
me,d}',., .. SU1'TOg>le<. The ",,',..,rion of ,,<ing "or""",. n",,,,,res rathe, ,h,n dir«l ti",..
100,11 pcr '" for epidomiok'l!'c·.l ""dj-' ;, ,lut tho:y or" ";mplcr to ~u,n,il}'md sun',)· in ,h, field,
llowc"''''. tnd""df, e'-;" .mung methc<lological util"j·. biologinl ,....li1}'.•nd robu>tJ>t... Ri,k
f.",or< ",1"...1 '0 sp«ific ,i""""I,.,..1 iniury ,"cd..ni,m,.", f.'und in clul~O' g,

Son,,1 i,~"", ,hould be kopt in mind when ''''0 i. in'erpreting ,hi. Ii,.""",,,,, Virnl1l1y all
re,'i.,,·, of ,h... c1,ido",ioIogiulli,cto"'''' (e.g.. An<krwm. 1991: 1'01"'. 1989) h,,'c ""'cd ,h..
""",ifI( job li,,,,,.nd 'l-ptSof~ork "" .<SOci>lo:J ",'i,h LRD (,Id.""gh LOD i, dcflneJ ,Iiffe",n!lj'
,n diff<ren' .tudi.,), In p.nirubr. job< ch.racterir.ed by m>n... llundhng of moteri.l" ,;tt;"g in
,;br.ting '·ehid,... 'Old """,ining ..dcnw}' .",.n linked with LBO, 110........'. ,Iti. 'n'" ofdo..
doei t'IOt ,,,,·••1",,,,,h ,00", the Ijnksl>ct"..,.n 'I>e<ifl( ch, ..",c,i,ti", of ,h< ""or\: ,nd ,h, ri,k of
.... ffering LIll), ,peeifi<:>II}'. , ,k"""respo",e ,eht;'",ship h" nu' heen ducid"ed, Funbcrmon:.
• ,,".,c·w "f;7 l"l"'r-. ,hot sun..yed LBO, ",......lcd no n>n<i"e""y b"twtt" 'pI.'C1fK· ri.k nC1ot'
and !he de,'elop"",,", ofl~ disorder-. (FcrguOOlt and ,\10 ...... 1m). Th;. fC\';"'" deonon"r'lcd
the lor£" d,fferenc", in the ""}' ,un'cill,nce "'" perform<,l.n,l in ris\: factor me"urement•. We
ue mnindo:J ,"',:c .pin th.. epidm'K>lot(Ic..1.ppm..:hc...Ione ,,;11 t'IOt ,Iucido", ,he l"'~ogK·.1

pa,h"..)' of ,hc oc,'clop",e", of LBO•• a pnxes, tim 'M" be und....,ood to de<'elop optimal
p'",'cnlion ,nd ",b.bilitot;'", ""'logie>,

A, nowd. the ""~";1}' of '1"-,,-",fK' ns!: facto" that ore .dd"'..<ed on ,he epidem;',k'l!'c..lli,­
"'''ure (" hich i, surpri<ingl)' 'l........).re ,,,,all}' SUm>got< fact".... 0' jndi,OCI m..,u,cs. of ,pine
1011'1. Th... "'''''S''le f:ocw"'.re ""ic work pos<\I"'" ""led "",k po<ll""" f'req"en, bending
",d n",ring; lofting. pulling.•nd I...,hing; ",d ,;b...,;.", (",peeiolly ",,,,,d)

• S'atu "",* p""Nrr,. R"",",eh h.. '''lfS''"..1tho, "'>rk du"c.,-...,.i,,,1 hy ...tic !~","'n"

i, .n LBO ri,k f,etor, II nil", ,,'On}' ..udi« h,w 'ulfS"..,d , link ",ith ...tie ""rk. ,he key l"l><r
on ,hi, topic "'OS p"""n,ed by I'\ln"..." ,nd co""o,kers (I 'J') I), ... ho r",'ic,,'ed 199; b.>d: inju,y
....,. frnm.n .uto " ....'mblj, pl,n'. Anolr,;"g """ f", p'",,,,,,I.nd ~fting re~uin:,,,,,n'.. they
iUund thot LBD, "·...e osS<J('iot,tl ..-,th I"",,,r« .hot re~uircd maintaining m,ld ,nmk flexion
(d,flned o••he ,,,,nk Ae>ed (o''''"d fron' ,1 0 to ~j; (oofd, rot'o _ ~,I'). pos,ure, in"oh'ing
rn.inuinmg ",,'ere 'runk fln,on (definod .. ,he 'runk heing flned for...",l gre"er ,han
~;') (odd, "t1o • j.7 l••ud posture, in"oh';ng ,runk ,..-i"iOlg or l>tcw bend,ng gre".r ,h.n
ZOo (odd, ""io _ 5.9). Thei, ""ult, '"gg....d ,h., ,h, ,i,k of h,d: injury incre.scJ ,,'i,h
expo"'''10 lh"", ,1o,'i'led pos"'re. m,l "ith incre.",l ,I""tion of"pow"'. I)",;..ed p"''''....
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!(reall)' it"''''a''' '""', ~""l ti'lSOC 1o,<Lng. 1"",icul..I)· ~'hcn 'hc}' "'ust "" held ("10m, ... 01.. IWJ:
McGill. 1'197),

• &"uJ """* p,,,,,,,,,,. K"',,-1' (197j) linked the """,,,1 w"rk "",lUr. to a !!",".r ri"" "f
LBD. In • m"rc "",.n, stud)'. Liira and t'Ullc,gu... (1 9%) "'~l<d ,I....Ithou"" whit< wll"
(st:denwy) ,,'Ork... who ,nust si, for loog I""iotb ha,.. , grea,.r ri,k <:>flO'" bod,rnuhl.. (~%
irot'T'''''' in odd, risk)...ti,.., hi". "~I,, wmL:eT> pin """. pmphybcrioc .ffect f,un si'tlng down
(J"% I'<d\R'nun in odd> risk). Thi,"'~" ,hot ,..ri,~1c ~urk and"", roo much of anJ' ,inglc
a<ti,'i,}'. '114)' h.,.. ",.ri, in <>:docing n\t'cl"nic1lly ind"""d low had ,,,,,,b1...

• FfY¥_n, btnding .....J ""mi"K. '11><> U.S. D"l"rtm<n, ofLaoor report (J',I~!) .nd m.ny
,nore .",di« ('umma"",d ~)'Ar.de",,(m. 1981:"lam. <l al .. 19'95: Punn." <l .1., 19'91: Snmk.
1982) ,~"cd th" incr".sed ri,k of LIlD from fre4u"nt lotnding ,"d ",i,ting. In r..,.•\lom,
<Ioc"mentc~1in ",,'eral >1\1,h.. the i"""",,,,d ri""of LED ~;th higher 1O<:>O"eloci,i.. (e,g.. ,\l1m•
•~ .1,. 199J. N95). (I\'ot. ,h" ,hi, i. ,,,~,,,-d spine ,wtion and no' non'I,,-,-'ifie to"" mo.ion.)
\\'hile ,h""" >l"die, did '''''' """"i",,. "",d..ni,,,, to "xl,I,i". link witl, LIlD, ,he ..<Oci""d
motion ,,'i,hin ,he ,pine ""ill be <hown in chap'.r 5 '0 ~"m • p.thomech.ni.m for ,'.ry ,!>e<ifie
di..l~ms LBO•.

• Lift;"". pull;"g. a...J pu,b;n". The N..ion.llmritut. f,>r Occupation,] "'fe<},.nd 11<':1I,h
I'<fI"/t (}-'lOSI L 1981) I"""de, , g'.JOd ,",'k", linLOng at1h-iocs "'4uiring lifting. "".h"'g.•nd
""Iling "';lh incre,sed ris\; of LIlD,

• Vi/mltWn. Firully. ,:ibr.tion, p.rtirul"lr ....e,1 ,i~r,nion, is linked '0 de-."'le.l rote, of
L8D (e.g.. Kd,,-)·. 19i5, P<:>p<. 1989).

• Gt"""",;o" of'Pi". po"..... Thc cone"!,, of """,'er (~>I'<'< .irn", ,'elot;,)'. or in ,he wn,Ol
of ,he ,pi.... ,pine I:>ending "eloci!}' ",'i,h si",,,I..,,,,,,,,, mn,cle ~n:e} h.. not heen ~'ell f,,"nulo'ex!
heeo".. i, "a ,·..i.I~. ,h" i> ",Irul.ted rath.. ,h.n dirt'Cllj-' "",..""",1. 110wC\'... i, apI'''''' lha,
~'h"" ,h" ,pinc "'u",,",, ,rc "-'lu,rt:d to genc"..e high fore.... ,"" ""u,ion n«ds {() be ,'ery ,to",·
0< .tOlic to «-duc< ,he ri"", Un ,he other h.nd, iflhe ""nding "eiOOtr i, high, ,h.n the mu",le
fo"",. ne..,d '0 he k)w. Either ~"r. lowl'"wer i, ""luirt~1 to minimi", ri>1. Thi, i, ,,,I,,unci..«1
1')' profe'''''' ,\1.rr-o" ",'or\; lin\;"'g ,-eo'''''r ",d ,..-<ekr"ion lCI high.'T risk In .Mition. in our
"" n lab"ra",ry "'w\; "'e h".., neg"n ,,-,perimen" loading flt"'pie', ,pi""" iso"'<:tric<lll)' .n,1 then
~i,h diff....n' ""mhin".,n, of h.d ond mo' ion. W. h"l '0 ahondon the experiment> due to

""in gell"r"od when higher """,'or b,.I, weI'< "'a<h«1.

\Vhile oil of the ri"" foe'"", no'e,1 here ha,'e he.n epi,kmiologically linke,l ~,th .n in,,,ea..d
m,:ide",:e of L8D. a 'ul""4UC'" ".'-1i"" on ti''''e <lomaS" ~i" prov;de insigh' into the ",.,cha­
ni"n. li"king ",echanic.1 ",'erlc..d, ,he on"", of !'lin ,n<! di",bilil)'> .nd ,he n"ural histO<)' of
these in;uri", as 'hey pen.in '0 ~'" perform.nee.

What Are the lasting Physiological, Biomechanical,
and Motor Changes to Which Injury Leads?
Th. folk)wmg di"-",,~,,, of "",en' ,tudi", illu"rat<> the .,,~,nnti.1 hten"'", ""'-"mcn'mg
,,,ecifie l>erform.nc" defICits ••>d 'ub>c<juen, '''''OOlliCllI ch.nge> in LIlI' f"'II'ul,tio",.

• Sn'cr.1 "udies h."" docu,n.,ncd , change in n'uscular fuoction alter in;Uf)' (niceIJ' 'um-
m.ri,..l in Sterling, )ull. a",1 Wright. !OOl). The"" ;nd"de. for ..,mple,

<I"'ored on,,-' or,pecifit.- ""'" muscl""lunnpu,klcn e~'en", (Hodse", amI Richard",,,,.
1996. 1m) ,h.. !II'" impair ,hc '1';'"'' aJ",i'J' to ...-h,,,,,, prote,-";,,, ,ul",i'J' <luTIng
silU.,io;>", weh.s >lip> a",1 f,lI"

<honge. in tono agonist-.nusoni" at''''''ry dUTlng gai, (A",nd,-l'>:ict."n c, al..
1995~

inhibi,ion ofh""k ...en""" in ,h. p"''''''''. of pain (/""d•• <l .1.. 1'1'19), and

as)"",,,,,ri< ""u,,-'k UU'JlUt during i.ol.inct;f lCIr,,, Ole",,,,r effort. (Gro~i"cr. Koh.
",,j Ghaza~'i, 1'!'Il) tho, .he", ",ine ,i,-"", I""ding.
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• An"omi",,) ch.ngeo following k)w bx~ injury ;nclude »,=oc<ric .tr<.>phy in .he mul_
,ifidu' (Ili<k' c' .1., 19'14) ond fii><1' ch.ngn;n ,he n'ul'i/iJu, "-..en /i"e ;'"'' ,ncr "'lj{<'y
(Ron..."," .. ,I" 1993). Funh.., in' "ct}' nitt ",uJrof 108 p.ti,nts ,,'ith hi'tone' of chronic
LllO nnging from four month, to 11l Y'''', S;h,,,,,,n .n,l roll""gu.. (I 'Ni) nnt<..1,Iu, $0% 1u,I
di"urh.,d ,oin' motion ond 15% uf thu>c with '><!iotmg l'1in h.d .bnon".l dectrtJonyogr>m, to

,h" mcdi.l 'P;"' ",t"""",," mu",l<>,
• Finolly,. recent ""dp,f,h"." wi'h • h;,t<"y"fk",' bock truuhk.. h.. ,hmm. ,,,<I< """'oty

of li"gITi"lI def":;,, (,\kGlI '" ,I., Z003). TIl< l»tk !lUllL"" ~'"re 'uff",i,,'" to c'u'" work los..
ho, lhe ",bj<et, h.d be,n Nck to ~'OrI< for.n "'.l"1goo oniO ~""ks, Gene",I!;"'~~i,h.

hi"",y of 'TI... I~.. were h.,,;e, .od Iud di,tu'N""'" i" 'ho floxo,lcxtm\Or .trmgth r..~) .nd
,It< lIe...".k"",,<OI" e"dur."", r"io toK",hcr ",ith the )"e<.1 Le"d e"dur.'ItT mH>, h'd dit"i,,­
isheJ gross fle,i'><1 1"1"1(" of lumb.. mn,ionn, ."d h.d lingoori"lI '''Olur diffICUlties ."(lO"promi,i"g
'h<i, ,hili". In h,b""" ."d hmd do",'u t" pick up • I;gh' ohjeer. }.lone of ,he.., clu"lIt'. mul,l
Le t'01l;J<krrd good,

'''e h""d implico'i'Hl of,hi. ,...,d", 'h", hi.tot}' of low h.c~ trouhlc. e,-e" when, ",I._
"on,i,1 .,"""", of ';me h... d.p,,,d si",,, the trouhle, i' ",,,,,,.ted wIth , ,...ntly of li"K'-1'mg
defICits "",h ,h., • muhidiscipli"'I)' int<"'<"'ion 'PI.",>ch w'ould he ''''Iu'",d IOd;,,,ini5h ,heir
1"0",,""". This <:oUOCOo" of ",'~Ionco ;s 'Iui,o po~'erful in dn<;umo"ting l"\h,,,,oummccl,,nic.1
ch.ng<"< "'oc,"ed w,th chrome LBO. Tht"", "h,"ge, >cc !>sting J'e,r<---no' 6 ro 1Zwed",!

What Is the Optimal Amount of loading
for a Healthy Spinel
L,,,,;,l intorpre,.ti"" of the <1"11 ill (he epi,1cminlogi",lli10W",.. is Iimi1ed by tho bet Ih., ,he
I,...·d. " wluch "",,"e d"n,1[C occur< rem,m (~"'-...m" ,\I'''J·.re <o'I<.""mod ~i,h the .:no",n
,;,,,,e d,m..S" <1>" ,"",ul"> w'id' hillh ""g"i,udc. of Iuod, rel""ition, '''d so on. FUl" <::<,ml,l.,
Herrin '''d colle.gues (1\>86) foun,l th" mu<Ctlk...,detal i"ju,ios ~'e'e lwice .. likely if the
...."rk1-'. lwnN' ,p,,,,, w•• <XJ>'""d '0 mmp,cssi,.. foIT.. thn 0...........1,,1 68oo}.l (pretli<.1ed ~i,h

, Liomech"'ic>1 ",o<kl). 0" d'e uther h."d, ",,'rr.1 of the "l'id"'''iuIogi<,1 >tudb h»'e "'"
hcon .l~c to sul'l'O'1 • lin~ hetw",," .... ,y wo,~, ~'h." c""ldl' me.,u",d .•nd ,he risk of LBIJ
(e.g., Bi!!," <.1 ,I" 1986; P,..-rer, 19117). Mi'ig:ui"g f>Clon '1'1"''' to ind",\e ",,,,'tit;on of "mil.,
nn","""" ."d ,~ri",!-' ,n ~"rk.
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In ,ne disru"ion of ,he U-,n'lled ...I"iu,,,hip bet,,,,,,,n octi,-i,y b'ds anJ l.BD di"",,,,,,d in
cn'ple' I_ "'. """'In.. SI'e,," Upl:im.1 b'd,.trengthens the sf"em, ,,'hile '00 liuleoT too much
.. ,letrimen..1 '" h..hh. Kd",y (197,) ,lmK)"'tr"ed • gre"OT ,h.n e.p.':t<J ioc....'" in di<c
[K"OIrusio", ""'''* !IC<le""ry "urkr>. While "''''y wIDiJer ,ini"l{' "Iu,,'-load" tiSl.:. in het it
c",,",e. d."',ging cundition, (0' ,he .lise-,he n,.,,,h.nism oh'hich will be e,,!,!>ined In "h.pteT
5. 'Ini, h.. o""out",1 the eloctg<n« nl. moch de".'T ,d.nnnsh,p ""ong I';'Km'Choni".1 k..d·
inK. disc I><rni"ion. dini",1 ill'prc",,:m.. ,nd ,hc ,bi~'J' to I",rfilrm d"m.nding "uri<, Funhe'.
\'-01...,.n ,nd ",~I""lfU<'l (1m) "tidied a """" seai"" nf ""j'ed "'o<~e",hy COO'l"ring thei,
LBD hi""'y""h ,ht~,m.gn'''ie re,o,,.,,,,,, im.ging (Mltl) "",n., A hi,,,"}- nfh-...~ I"m .nd the
.,siWe 1''''''''''''''' of spin.1 p"hology "<I'e Ia.. p,,,,..r."'t in ""lr~crs ,,'hos-e ~~" ho<! induJed
mooJ.,,,. ,,,,i"i'j' .nd mOlit prt.~-,Ien, in "or~ers "i,h eith.r scJen",)' or he,,)' ,,"".,

Mony ""di." cr"np"e ju.. 'wo b'el. ofwor~-fo.-e,,",ple. light ,-e,su, h"",)', light ,'e"",
,node,,,., ur 1l1o:k'T\i'e "'''''' he..)'. Ik<.",us< onr ,d""Jllih,pOl!t,'t ,hon. ,tr:I,g'ht line T«Juin,'
''''->f'¢ th." '"'' poO"" (or b'd, of ""i, i'J' or bel, of h,di"g). weh "udies ""n,,01 illu"""e
the U..h'f"-,I relotion,hip. O:>nsi,,", the ,I". compil",1 in. thoTI)Ugh epi,kminlogie.1 "",Iy
"'ported hr l.i,.-. .nd ",~lc.!I""s(19%) of LBD p,...,,,,I.'TlC" ",d phl',j,,,,1 ",or~ ""I""""". hcn
,hoogh ,he 'umo... ron~dere<l on!\, ,he UPlle' I",'cl< ofe=ssi,'. kudin!!" ,hey concluded th..
nne_qu'rte, of e'""" h.ck I"in morbi,;i,l' could he e'phi"",1 loy phj"icoJ ""'~ .'I""ores, The
",.1 l""sihili,y ,em"nS ,~" ,hIS lS.n unJeItllimOl•.

Funhen"""" ,he ""ure of LBO 'Pile'''' to !le .ff"",ed hr ,h. 'l'pe "f "or~. \'itklmn ,nd
",~I••g\l" (1990) nlll ..l. ten,l.ncy .mong tho--..., "no h"i n",I.."len!>'Y eo""," to h,o,.., m"l..,,1
d,,,: Jeg"ne"';on in I".. ye...., ,,'hile ,110'" ",110 h,d pertonn",1 he»y "uri.: (defined" no'
onl)' lifti,,!!' but .1.., "''1u,ri,,!!, I>rg<: 'rtml m"tions) "nJed '0 h,,'e er...k .nll,itic "h,nK'" i"
the spine {s,.",,,i,. mtcoph},.."is. "'c,}, In • ,iml!., ""d)'. B."ie .nd roIle.",... (19',15) ",poned
'" 'pporen' ."n,ribut~'"of genetic f:K"or' to ,-.nou< 'K'-'-.doted eh",II'-'S m the spine u,mg­
,nonl>Z}-gotie ,,,'i,, .. gi"e" ,ignifi,,,,,,,I}' gr<ote' .i",'I,riti", itl ,pi".1 .-h,ng", th." "uuld be
expect",1 hy eh,,,,,,.

Poner (I 9ll;. I9',I1) perl<>nn,,1 ''''0 ,tudie. funhering the no.~", ,If .n ,~>u,...l k..,~ng I",'d
fO, he,lth. 'The Ii ..., «ud}' ,r>t:ked mi""....od '\01\11"""'" O'••ted " hosj~..l, ~" I",ll..i".
Whil. ,ignir""ntlj' mor" miners "'pOrted fOr h.d 'TOuhk comp"ed ,,'ith """miners. signlfi­
.",ntlt' f,,,,,,, we,e di.gnoscJ ",,,h di.. pm.rus"",.. ",hile signili""ntly IllOTe ",ere rel"'".d '"
h"'e """",is ,nd nen'C ,out c",,,,plllen, (.""dition, .."}(,i,,cJ more wi,h ,he anh,i,ic <I~ne

.crorJI"g to ,h. ,lou of'",dem,n, "'um,i ..... ,nd 'lroup. 1m). The """"",I studr ev,lu.,.d
'ltle>tionn.i", ,,,,,,It> from 1% ["',ient> ..ith sY'tlpl:'KllO,ie ,h><: protrusion ",d 53 with ItK"
.,"n!~IlCn' 'ynd"'",e. lney ,,'cre ..l,,1 .l>ooJ, thei, his",,)' ,If he",)' "uri I",t",«n ,he '11'-" of
15 .nd lO fe'''. Sig"if"",,,t1y mo'e subjec" "',,h disc prot'u,ion h.d do". tKJ he,,)' phy,",,1
"Dr~ in th"", ...Ine..... Hp'onrr",. nK"" of ,hose ,,'i,h nen.., entr-opmen' sY'"lrolTlC h.d done
Ii... full j'C.r< of h"",)' wor~ h,..'w«n 15 .ad 10 )'''''' of .ge. Thc<c ,'Oll,,,-'.,,'e d... su~" th..
different ..'ork <km,nds ."'usc diff«"", 'Pine ro"dioo", ,,,d pah'I" th" the "t,,-i"'um Io,di"l{
l< differen, for different ,i"".,. Nnnethd.,,, the Ol'timum 'eli,'ilj' 'I'pe." to he ,·..ie'; .. or\.:
... ,,,,><k'T\i'~ Inc! I...'w<...." .roen..'}·.nti he»)' ",or\:.

\\'h" ron"i'ute••n "I"i",u'" kwl-------<> ko.>J thot I, nut '00 m""h. not ,ou liule. ,""- ,ou
'eperitl,-•. ",d not too pmlonge,l? Curteml)', ..'. ore in need nf..,."ment tool, for ,ktennining
op,imum load to guiJe the in'm'enri"" 'owuti "t,rimum h,,,,I,h,

What Are the Links
Between Personal Factors and LBO?
~1Il'" pt-no",1 r'elo" ,och ., mu..1e entlur-ooce (lKlt .....ngrlt) .nti I"" 'P"'. r."'K'-' of motion
(not ",ore) ot" p1OI"'}-Io",,: for fu'ure h.d ,,,,,,We<. These ",ill be ..1dft.'S«.'tl in p.rt Ill. "u",'
Bock Reh,hilito'ion,' ... few othe-< person.1 (ooor:> or. noted h•..."

A f",,' ,,>«iii<: 1'.""",,1 f""o... 'we" to ,ffort 'Pine tUsuo 'olerooco """,,,,bng n> the e.isting
li'c11ltu'e: .ge ,nd gen<k' 'f<.' 'wo cn"'I~.".J'l!<T.nd ,,,U,-,,,gu,,,; (1991) "'",piled the "",iIoWe
lite","'e on the toler-on<t: of I",nbor mou"n unito '0 he.. romp'""i". lood ,h., I"sseJ their
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i,,,,)u,"," cn'ena. Their ,,,,,,I,, ",,·o.lcJ ,h.t ~ hon maleo .nd fd,,.ks ~'ere ,n"docJ f......ge.
fern,I•• ,,'.'. ,hi. '0 S1,,,.in OIlly .ppro>in",e1y 1"-o-(hi,,1,; of the ">O'I"""i,·. 10,,1,; Qf nul....
Funn.:rm""e.J.ger .n,1 c"lIc'SUe'" d," ,IK",.."I th., withm' gil'en gmJor, the 6O.ye.....~,1
,pine " .... able to tulenlte OIlly .bout two.-"'irJ, of the k>od tule"'tN ~. 'he !O-year-<JkI ,pine.
"""" in min,l thaI 'I!" ,nd I!"n<ler.re ,'.ry simpl. f""lor>.

h '1'1""'" 'hot ,~hcr 1',,,,,,,.,,1 heto"" '''eh .. pm. n~~o:rmnt"~ 'plcm "fi'ne"," • am 1",,1
to a back inju')' Juring ordin.rily benign ..,10. "'eh .. pkHn~up. pcndl from 'he flour. The
,no<Ieling d.t. QfCholc,,-icli .nd ,\ leGill (1'1'.16) .u;:gc'S' ,h,t ,h••pine <>In ca.il)· htdle d"ri~g

....eh , ...k, II""'n ,he mUliCk fon'" ,,~ inhe...ntl)· low.••m.lI'llOtur <IT()l' em co"", r"",jon
uf. 'ingle '1"".t "';nt. placmg.1I be"di~g no,""'n' ,ul~"'" resl"""ibil;ty 0" ,he ""sin, "';;u<'i.
Such liCe~arios do "Ot con"itute e,"cs,i"e t>'h. but patients often report lhem tu dinic;"",,,
tll< ",'ent tha' c.u,~d theic mjury Tn;, pllcnomenon ,,;11 "'~ he found;n the liCien'ific li,~,..ture.

I><,w,,"..,r. ,I l>nj' medie"J I",rsonnd would not rt-.::-ord thi' e",'"m .. the e'uSC of iniury 'mcr ;n
m."y juri"Jioion, it ~o"ld not l><: ,1e.lllN • "",npc"..hle injuty. Th""" tl'P<-"' of injun"" ","'"
tn he me"" inflLlencr,1 hy Ill< fitru.... nf.~ in,li,;,lu.I' "",to< control ~'>tom 'hm ill· f:oetor>
<oeh OS strength. ,\ kCili ",d cullc.l(Ucs (1995) noted "'.. I""'PIc differ in th,ir .bi1itr to hold
• load in 'heir h.nd, 0,1d brc>the h",,,,ilr. Thi' i' '·ery signifICant 'ince the mu'lel<. require<! to
he e""ti"'\(l"sJr octi'"" 'n "'P!"'rt the .pi"" (.nd p"""n' l>LIelJing) ....J", use,1 ,n hro..he by
rhj~hrni".lIr eon',..e";ng. Thooc ~-"" mu" "'" "'tir musel'" '0 bruthe in this ""y _rifit:<
",ine "oloilit~'. Int<res'ing1r. ,,'e h.,'e m"",ured ch.nging ""'tcg;os in tl>o<c "'i'" roollpromi",<1
lung c1,,<r;,;ity (.rnnkers, emphysemicr., .tc.) ~ Iso use thei' !:»d ext,nsnrs (0 ..';<r "ith lu~g

mfl.tIOn, """hing in the I~:"""r>c eff."" uf enhancing >Llloility .. the rxpcn« of ,,-e.ring <i,,,'n
the enduffiICC .-.p,ei'j' uhhdr !:»d 'nu>rb (\\'.~ge' 01.. in pres,). All of th"'" defICic~tnlUtnr
control m""hani,m, ~ ill heighten binm""h'ni",,1 ",sceptil,;Ii(j"lo injUt}·ot reinjUt}· (0101"" id'i
",d AkCill. 1996) .nd .re highly ,-..i.ble 1"-'T>OrLa1 eh,rxt,"-;";e'>.

,\JJitiun,1 ('m.... OIhor th." ,,,"plo load m.~itude 'We.. tu mooul"r the n.k uf'i"",
""m'g<. The meoh;mi,m ofdisc herniation I"'"icle. an ".,mple. \\'hiledi", hemi..""'" Iu,,, het~
pr<~IU<."d under "'ntrolled ",m,lit~"'.(r,g.. r.onk", .~ .1.. 11'91), they h.,'e no' be..,n 1'"..1""",1
""'b'Slentlj'. Our 1.1> Ius bct" al~e tu ronsi,.."t1r l\!"OJucr di'" IIC-mi"io". bj. mimicking '1"'"
moo:ion .nd 1",,1 p.ncm,.seen in "'ori:.... (C.llaghan and ,\1eG'lI. 2001). Specifi""lIy. it '1'1""'"
tha' ,,,,Ir ' "et}· ,,~..bt "nnun' of 'fline ",.nl"",.i,,,, ~>tCe " ""Iu;,.,d (nnlj' 800_1000 />,'), hut
"'e ""n, ..>«:in"'n mLl<t he rep""tcJIJ· Ik..-.l-mnniding repc>,eJ """"Kf"ne flexion flUm
continu,ll:>endinl! to • f"lIy AC'N l""I"re, The main reb"""" fOr ,his iss"" is th., the ""y;~

,,-hieh ",,,,k,,,, d"'" tn """.., .n,1 heml ,,;11 innue""" the ri,k nf ,lise homiation. Thi, highl;ght:>
the ncrd to e.,,~;n, how ,,,,,ken muve ;n ,und..di<eJ ,ests .. 'he begin",ng Qf 'heir Cltcrrs
~ hilc they "ill h.." "-irgin' h,d,. ""ling it p<:>:IIOhI. '0 de,el'mine "'use ond .ffect. Recent
,,,'i,k,,,,,, ,,,ggt'sts 'h" those ,,-,th. hist"'}" of had 'ro"I~",.rem'''e likolj' '0 lift fl.xing tll<
'pme .nd nn' the h,p., inc""""'g the n>l: uf future !:»ck dun.ge (,\ kCiIJ <~ .1., 200),

What the Evidence SueP->!o",t"-s_--,----,--__---,,---,--
I" "''''''\O'y. it i' i"t<r<:<ti"g '" con,ider "'hy "",I)' "-"no "uker:s b<:<:o"'. potie"'.. Tn'''' is no
'I""'';'''' (h.. d.nul!" to tis,u<c.n he ""u",d~' =essi"c loading, .nd d.m.1!" CO""" poin. How_
~~'er. p.in i. 'l",n"'pt~>n'h" « ",,~ILlbted by 1")'"1><",,.;.1 ,,,ri.l~e.. ,n .d<li'<t'" to phpi<"''ll',:.1
injury, Oeorly both l>Sj"oo.oci.1 .".1 biomech.ni",1 "ari,ldes ore ...ofi.,eJ ",ith LED ."d ore
important in I....'''nti~g to", 1",:1:- injUt)· 0".1 tbe .n,uing ehronicil)O ",11""(i,,,I)' the O';d,,,,,,,
from ",.-cr.1 sc';ontifie PC"I""-"ti.-<' i, "'·o....,hdming. Tho rcl.,i,.., "nl~,ru""""feither i. "nen
di Ai",h to rump.'" 'e'roSS studi.. os d'" m."';e,> fOr e.fh .re di fferen'-----biotnech.nie.J ,'Ori .bles
'''' rel"'".d i~ """wns., """',on-mer."" n"mbers of Cj-cl....nd so m....h, ~'hil'I',~..,hosoci.1

,"m.l~es .." n,..,n.d in ordnuJ "",k.. link,.,] '" PC":<I"i"n (in,lepcndent ri,k f...ton nn be
""'''p.red "'iHgodds "uius). S""ne ;nAuen".1 rt1~,rt> h".., ignored bi"nlttl",,,col e~-idcnc..,.~d

rr<>'nOtN l"J'chOll<)Ciol ""n,hles os heing 'llOre ;mpon.n,. H""·.,·... no """dj' of l"ychosoci,1
\'On. bles ha, I.,on .ble to ",,,,,,lusi,'e1y""..bl;'" co ...<>ll",b__()~ly0""";.ri"". S<~~ e !>W>Jlltth.ni_
e"lIr ;"",d .tudie'S, tug<~her "','" the chronic l"in li'eroture.•re strongly ron,;n<:m!! in the';r
",..hli,hmen, ofhoth ossoci.tiOl1 ,nd <>Iu,.lity. Th,nk good"",,! We ""n now~.
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Bld injury <:1" begin ",ilh d..nlg<: 100llr ,i""r, bullhi, dor,1f<"i lnr hiOl"",h"UC11 funruOll
of lh" join" ·Ii".. SI"'",," ch.ng< ond ",her li,,"es become inmh'ed. le..ling '0 [H'QIoirc",i,'.
dele,;"r:u;,,,, ",'ilh ,ime, Ti."", d,m'g< ,h,,, "". ,I",,,}", " .."I, mllll '00 high, I"ad m'gnitud<.
In lhe c," ofdisc he",i";,,n, ,epelil;,'e ,n,,,;,,n, ""en in the .bse,,,,, ofl.'¥" Io.ods, SUI'" to be
• signifi""n, ClIo..,i"e meduni.m. The "",ion ,h,"i....... he.1 "';Ihin 6 '0 1, ""..b .nt! ,h..
k"'l!'-'T-I"nng ",'or\: "'",Ie....,"" .., n" 1",oo.:.na'o",ic,1 ba", 'Pl""'" U> be f,I..; ",,"" "'",ry
do" .nd lhr .deo.:e of chtuni,' pain """,h"li.",...",nllir SUll"l«>1 olherwise,

Un<!er,,,"ding lhe n~e of hiomocb.nieol, !,,~'(booocill, .nd 1"'1"'10I\11 f1<:lOfS '''ll"'',ber '" ilh
lhei, inle,,,,I,,io,,,hi!,, will build the fOIlJl<l>tion f".. hen,'T f"e"enlio!1 '" the fllture. Th. eb,l·
lenKe i. lU d,~'elop ,·...i.ble l"em",e guiddine;, p'rehosoti.1 gn,ddines, .nd b'ghe,-Ic,,'d
medicll p"""i<-e mtlc,.

On I:»boce the "';,"""'" '"I'I'''''' the f,~I0",'ing "atemenl"

•

•

•

•

•

•

•

lIi"m""b,ni"..1foe",rs or. linl",1 to hoth tb. inci,lenc. "f firs...,m. \0.., boel troubles
",d ab;entce"rn••nd .ubsc'tjllrnt rpi<ode•.

P,~-ef>oo;oci.1 f,,,,ors .ppe" to he im!",".n' OS ..'ell bo, m'r he more !'d"ed to '1'i""le>
.fter the ini".1 hoek_ITl.ted ""i""le.

P,;"bo<o..;.1 .nd h'o",eeh.nkol f"""I'> 'ppe" 10 illfiuroce e.och otn"" in 'enn< of hoth
<l""'lion of wor\: .r..."", .nd ,b. """... of 'eowe'}",

"['"..trnonl to ITduee hoek p,;n "ften Ie"" '0' reduction '!1 p')"hosot;al i",,",. noIlhe
Olh« ""Or OIx).",d. Th"... i. O'o'er...helll\inge"d",,,,, ,h" ooee potienlS ""n oo.,in ,_nd
nighl', ,Jeep .n,1 C1n dimin," k,,,,··I,,,'e1 <hron'" poin.•hei, p,ych<~og>::.l con"i,",ion
,,,,I mOI\t1llOugbn<o>o: ",turn,

The ,dOlion.hip be"",',",,n loading ..><1 l.ED< 'I~""ts 10 br. U-sh'lled fullt~ion ""ith lhe
"I'lim.1 ""ding being ... modeMe b'd,
u..., b..t'k ""ue dl"l>g< <-..11 "\1,,.1< .. <:1=<k ofd.nge' ,h.., "'-'y <:1USt' pain .nd in..~­
""'I<e '0 et:1"l.in "",ivi'i... o"d ,h... dlng.. "'''r be di""",;,·< fo.. uI' 10 I0 ~...!'S ill .n
Ilnfortu..... fe..',

,\ Ion)' <)1"-'> "f li'",e d.III1Ill"" "..n <"""1"-' Jelt"rtiun in ",-0. hm gros' <Lm.ll"" ,;sible
duting di.sc<~io" i, uf,.., noI "i,ihl" on mo.h,...1;tIl.ges. '111u;, 1\OO'l>OCif>t' Ji.goosi,
,Iocs n,,, n,le 011' the prcsenre of mech.niC1I,lom.ge .nd mllst not I", ,,;cd 10 imply ,h.,
m,,,hmi,,.. l fart"", ore Jl<~ «I"ed '0 LBO,
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CHAPTER 4

Functional Anatomy
of the lumbar Spine

Th" "-""g" ,o"le' of thi,~ will h,n ,Inewy >!l](li,,1 1>,,,,, .,..torny of tho ,pi no_ Thi,
~h'l'l<'" b<Wn' by r<~,;iting OOII,e .TUttMlI.,.1 r"'turo>, I"".ibly in • ""y not I>n.~,,-",;I~' '''",

;ido,eJ. Then th<:s< btu,,,,, ,,-ill be rel.1,,'<! to oon,,,1 fut""ion .nd iniu'y mechonic, to by the
1;:•.m~"i<)Jl ro,. rhe p,,,,',,ntion ,nd ",h,hilimi"" ""'«We> lI,.t f"llow_ I heli""o In..t dinici.n,
.nd ;cionti,,, .l,ke "flo 'l'ttl.h", in low haek lmobll", do '"'" dc-.'O<c ",rficiont d~Jn t<1 ,imply
",o,;do,;og me ,"omlOy. '11>e """e,,, to ""n)' 4u,",'ioo, rde'~nt to the di"ici,n 0" Ix: founJ
,,'i,hin .n .,..t"",icll mme",,,.k "h...rin lie, tho "m"d,.n;ol" fuund"io" for "",,,,,nling .nd
,d..biliuting h.d, l"...hlt.. 1lle und"'>I.ndmg of i"jury me<.mru'm' I""",nted he,e will help
"'''u'e m" )"" do not u"\;'lOw-ingl)' indud< ioju')·..,...c<rboti"g m.neol'e", io mer'I>cu,i<­
exe",i;e proscription"

Basic Neural Structure
1lle !!"''',"St ,mj",.. who "e di,e I"'rtonllel>. ",d who ".,jJ m;u,)·.• re HI)' wi", in LUl<knt.nd­
ing ,he proc"",ofKli,'O\ing 1M"'"" .nJ group,; of lOuscles. Thoy .... "'..,crs or u,;ng im.ge')·IO
""n,n:>! the mo'or un;' "-'Cru;lmont f"\'''''''- Wo studyl~ i",li,·;,lu.b ,,, lo.m thoi, f"""""">
SO th" we dI" .,nf'lC»' the", tnh"i4ues with l"""l'!c who h,,-e J>Oinful boeb. The it"..·, of ..-h..
you need lO k_' .)>0<1, IlCu...1inte!!""ion. "Ome of ,,'hich "" inuoooceJ he..., ,"0 be fouoJ
in ,,,,,nd.rful """"""" ",eb " I(",dd. 5<h".= "'dJ....,1I (1000)_

,\ lotion n,.y "",,,Ul from. """'COJ'" thoujlht in tne b,..,in th" ",,,ilf"" ",u,,-,k >l-u.-.tion,
or ,he II<li,-.oo" "'.)' ,...,1, from. Ill'"'' ",forol\"'iou, process in,'OI,·io!!." ctl<oded I,,,,"m
'hough' '0 """Ie in ,h" ,pin.1 conI. Tr'l1l1Ulic ""."ts em ""-",,Ie ,ho.., I"".m, '0 I"'rrutbod
""',," " ,·.n ehmm" .nd ",,,t< p.in. R,~"-,,,()Jjn!! th<..., I",rru,bed p"'"m, it,d m oom..l i,
.0 iss"" .JJressetl in th" third .lrttion of ,n;, boolt.

I!et'e' links he'",""n neurooo.""O)", neuroph)~iologj', .nd ",h,hih",ion >nllle..ining ""n lie
found in In)' te>tllOok Ulti"",,, &<k Fi'n=."J p,.prmunu (1006). s<-,,..,,,I ,.d",.n' ,It"",,,;,,,,,
illu",..,e, for <.t>mpl", ,,-h)' ,,,..,ni,,,,,, 001>01 ",,,,,,, ,he m."l" ,,6.uol\S of fun" d.,-elol""ent
wi,hin • tI",scle to sti",,,I,,,, .11 m<~or "nilS. In the '0"", for .",mpk, ,he ,Hique ",u",le; n."e
man)' m:w'()l11uSCI1I., ",mp"tm"n" tl..t mu" I", ,nmul"ed w;th d"ma",l_ Sk,w ,nd i«~atlOlli"

'l'lW"O><hes typir.1 of \)odrbuilditlj!' 00 I\(M offe, a nch l""l,,-;ocepri,-c eO",ro"'OeOl 1't'O>';Jmg
,,,ri.b1e II\(Mion, ""I.n"", fum: I'roieeti<m, ,nd ,lirec6o" ch,llenge, in,,,h-ing ,he f"lllin~.I1'"

A"'MM' "poet fu, ,Ieoi!l"ing ,he b<'\t manu,1 ,her.pi", i. ha,.,J;n """"»na",,,,)'_ Whil",
w""dorful "eu",,,,,,,,,,,i<al sou",,, i, D,,-iJ Rutk,', boo\; TIN S"";,,,.. N"""", S)""'" (2000),
.n in,I"O<l,,,,,i,,,, m ,he "'''''"'']'1'' is .",,"'pteJ here. Of'en, I"in ,h" i, ",ribu'eJ '0 ",,,,,,,Ie
tum, OIl'''' I", nou,,,!!,,ni,, p-.<;n_ 1lle «.." ,le>crihed I.tc7 in thi,l.:x>k "0 found"d on ",,-,,,.,1
principle.. , An..omi... II)', the 'P1n.1 cord .nJ all "enuu, tis""" linked io so,.;"', (Imllb-.>r ""n'e
nxn" the ",inic ""'''.-e, ClC.) con be ,.nsioned, rel"",.,J, mohili>.etl, o"J Aos..,d w'i,h 'l"'cific .nJ
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,,,,,,"din,,,,1 joint motions. Tm.ioning nc....''''' "nly "''''''' l!1O<e l"in----flCurugenic p.m '-aIln,,'
I:te ,,,e,ched '''''~', S,dl}'. roo m.ny )"li."" ~ ith "t;gl" h.",,,ring>" or ",i,t.ic s~'m)~"'n'pursue
""~ehingprcogram, 'hat pn"h"", nnlj·tempor.", 'elief, '['hi, 'elief ",,,,I.. from lhe ....i,·.'ion of
the "Tt~"h ",A", in th" b,d eXlenSOT lIlu",I"", but i' 'rpi,..l!}· I.SI. "nl~' .1n" 10 minu«.., The
I"in '''d "iffn... ,,",urn. It i. of,,,,, po<.ibl. to I:t<e.~ ,h. q-dc bl' ,elwKing the SI'etchillg "'ith
....",.1 "mobili",uion," Bu'le' <I"seril... ,,·dlth. I:><ner." of mobiliz,ing • " ·e .long its en,i",
tr:ie~ 'ogetheT wi'h ,he me"h."i"" 'h" "TOIte ~J,,.I '.",;on', \I;,h ,uJtdi t<d te....';..,1, hip.
kntt. ,nd .nlJ. m"'ion. 'he lum!»' ,\<,.... root;, ,"uda "'lui",.•nd sci.li,· ".lCt "'" I:>< ",....bili ..d
,nd AosoeJ ",ilh",,, lensloning (""""n in en, pte' I1), We h"'e too ""ny eosc. of in,..nsig",,'
",iatico =.d ",i'h ,h .. 'Wro."h to igno'" It,

Vascular Anatomy
All spin,1 ,i"".,s h,,'e • ,..",ul" .npply "'ilh 'he e>:cep,ion "f the eli"" The implie".m. of 'he
"",""1,, ",,""'u••re described i" 'he disc soction of thi.chapte" The eu""", CI,. of,'""cb""]
,'ein, i. introduced here, lne "tin, I....;ng ,he ''''rtel:>nl bodie, ore ,he only ,·<in. in ,he ~.
~no,..n '0 I.d, ,..1,,",- \ 'm"... ,·,1,.." p,,~-.n' l"d:/1o,.. of blood. Bu' ., ",11 I:>< .ho n 'hortly
i" ,he discu.;;oo of ,'<:neli..1 ",och.nics, 'hi' ""''''''K- featu,," i' crilicol. It .1'1' 'h" the
"ein, oc' ... hyd..ulic ""de, from the '-ertelinll:>o<ly. en,b1ing ,he ..pt,l.io.m of hlood un,leT
high ,ullpre"',,·. k"ding. I" 'his ny lx"h 'h" m.rie, .nd the l'CJI\' ",,)' pro,·,d•• prot,":",'e
"'<:eh'''is", .ltd the ultim,,,, hj'dr;ulic .hocl d''''[>Clli"g .}...ern.

The Vertebrae
As lOU undoul:tteJl;' lnO". the .spin,· h•• 11 tN"""," ,nd ~,.• lumb>t ,·ertd>..." The COIl'll'lC­
'ion of 'he ,-ert.linl bo,li"" ,hem,.I,,,, m.)' he lile,,«l '0' harrel ..i,h muml w,lI. m,,1e of
,d.ri,-.Ij· StIff ,-oni,..1bone (><.<: fi!(U", 4.1). The '''I> IIld bottom of the !»rrd >te ""de of.
Il\OI'C del\:>r"'at>le ",nil.go pI". (end pb,.) 'hot i' 'p\>tQ,in"tcll' 0,6""" (O'(IO! in.) 'hicl bu'
'hinnest in 'he cenrral region (Rohcru. ,Ilen'g<, and Urhan, 19&9), 'lne end pl... i, I""'XlS
tur the tr:i1lS1JOrt of nu,rient< soch .. "XJ¥"n and glueo«:.... hile 'he inside of 'he [",,-,,1 " !ilkJ
"'i'h ",,""Ilou. bone, The tr,I:>e<."bt """ge,,><:n, "'i'hin the ""ICCllou. bone;, ,ligned "'ith
the ""'" ,.-.!octorie, ,h,t 'h'd"" ,luring ><-1;,'ity, 'lnree onen",ion, ,Iomin;tc-on••'erticol
IIlJ t"" obli~"" (G.lloi, anJJ'I"';'. 19H) (><.'C figuIT 4.1).

Vertebral Architecture and load Bearing
-llte ,-e')-' ,peri.1 ,rchi,ce'u",of the ,·e".br;ll:>o<1;". de'ennines 110..' thel' be" rotllp"",i'·. load
.nd f'il "n,Ie,e=~'e1o"ling, 'In. ~',II.of ,he ,'erteb,.,e (or side, of ,h. harrel) ",n"in rig,d
upon COffiI"'-''"'''" but the noo,,"'of the dist'l"""urizc.. (,he d",sic ..-orl: " by l'<,'ococmul, 1960.
1966) 'nd """"" 'he"" rti l;gi ""',, end 1~"esof'he ,'cnehr..., ro boll>'" i"""N, S«ln i,>glJ' to cm>pre><
,he "",-.:;el\ous bo"" (llrind:n"nn, lIi!lE"nunn, ond Hil..·"1/. 19li9l, In hct. 1It>tk-roon,~ ,he
,,",,,,,I~lUS Ix"", I':oil' Ii'" (Gunni"", C,I!>gh:.,.••nd ,\lcC~lI. 1001~ Inolang i' the dc~cn,,;nlll' of
f'ilu," ,01.,.,,,"" of the .pine (at "',>1 "Ii"" ,h. '1';11< i' not )>oo;,ioneJ", the e,><I ro,,!!"" of",olion).
II i. Jiffi""l, '0 in;u'" ,I:>< ,lise on""I". ,hi, ~'.y (,,,n,,Ia, f,il,,'e ~'illl:>< Ji"""se<II".,),

Al'NlUgh ,hi, n'h'" .. «lIl'''')-' tD 'h" ",mcop' th" ,he "erteb"llx"li"" .." ngid, ,he func_
,ion.1 in'erl',..ation uf 'hi' '''''''m}' 'ul!l«'SI' • "e", "be' .hocl-.l»orbing .nd I",d-bc-,rinli'
'YStem. hrf,,, (1973) p!'OJ'05<"lthe ""'ion ,h.. ,h. ,-erteb..1hod;.s ...... shocbt-..orhe,"of ,h.
>\>"'e, .I,NlUgh I:>< 1>,,,,,1 'h" ,,,,-,,e on ,·eTtch..llxx!}' fluid Aow 'hon ,m end_pi,," IlUlgmg. lie
""W",ed th" the disc< ~·.re "'" the ",.jo.- .I>oc~ • b<ortJc" of the spine. eonln", '0 "rtu.lIy .n}·
,,,,,,hook on 'he subject, Since lhe nudeu' is on inc.-xllpres<ible fluid. bulging end rl"", '"!l"II"Sl
Auid e",ulsion from the ,-erteh..l bodi"" .peeific,lIr hIoo<l thr<",gh the [>C,i,'erteb..1 .inuse.
(!W.f. 1(60), 'lni. """,h,m'", 'ugB'-"" • p<01<'I'1],'e di",;)"uon up"" '1u"i"atie lind dp..",i"
"""'rressi"c Iooding "f the .[~ne. 'In. "'.. "ud~' li'er"u" ,bounds ~ ith compre..ioo m.:'ure>
of 'he "ertelin Ilxxly ,luring<If''' '" ic """ling",here Ihe ,Ii", "'''''in",l in'.... (G,.. exampl•• ,luring
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InIeOOr arti<:ulor f""'t

Inlo<OoI articular fa<el------i,

-:JC::. Mamila

'" pro«I"
• ~proc,,".

"~T::----- Spw>ous process

Fi8Uf< 4.1 n-.., p.1rl> 01 a 1}'pi<allumbar "",,<.'bra.-"""_ ........... """'"

Figur~ 4.2 The arrangem,,'" 01 the tr.u..:ulae lfin! noled b.,. Gallo<, and lapoit in 19251 i. align<-'<l w,rn the rlomi·
,,",nt traiectories 01 ","'•. (d. b. d n-.., three udbeeul.. ,~'..em•.
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....-' .... ,."".. "'" "'" ,,"'''' ...._..,~...
...... ~,,, "'-"- _ ..0_ _ .. 'M· ,,,,,. t, ....

''I/'< ,..... w"".-_ '" , "-_~.

fill"'"" 4,3 U"",," tumpr<",ivo I"adi,,&- oolg.
ing uI the end plate ta""-,, bucldi"8 ,,,<-,,.... in
Ihe "<'<1ie.1 Ir.becul..,. wh;';h, wl>e!l c""",.i'"",
nu.e dam.~c in Ih., tran,v",.., lral>t.><:ul.c,
Note ra) the ,'Cflicallfrum cump«-"'io<1) and (bl
horiz""t,llf'()fT( """iurl) crack. i" Ihe Ir.",,,,,,,,,
1r.1><""I..,.

'o~n;ns ,nd >I.ddit>S IKdl)' Ind Robinson. 200J]). ,\101'<: "• .,d,,.,1 bod)'-1:Ja1ctl ,hock­
ol:>sorl~t>gme<hmi>m, ..e documented ."b>e<luen,ly. In 'um"",ry, ,he common ,U'""",nl foun,l
in mon)' textlH'1:. th.. the di"" ..e ,h. mock .b..,rl""" "f the 'I"". no", 'I~"''''' qu<>tio""bJe:
r.,I"". ,h. ,·end"..l bowe, "1'1'"'" to 1'10)" domin.", ,oJ. in l><:J"funt>ing tlu. fun••ion.

])don"ol~. ,'.nehroe i, 0 n.,,· ",~ion fOr m.n;·, Ho'" do ,he end pi".. hulge in"..ro in,o
",.mingl)' rigi,l hone' The .m>l'<1 "1'1"''''' '0 be ,n ,he "",hitt.ttur. of ,he ""ncdk>U, ho"e, \ '",_
,ob",1 "0",,01100, )>U"., ''''K'tul'<: ;. ,Iomi",n.d I\)-' • ';~tcm of "'~UIl"1>of bonc (''''''''n ,n figul'<:
~,l) ,hat nm "erricolly from .",1 plat. to end plate, The "e,'ic.1 roumn. '1'<: tied ,OS",he, "i,h
"""lIcr tr.n".."", tro"'-""Io•. UI"'" ..,i.1 "Jrnl""'''''''''' ,he end pI..",)>U1ge mt>, the ,'errelr.al
IJoJies, thc<c roh.o,"" CXI,,--ri<:n<to,<lOnl''':soion mJ "I~""rto "'-..-.d. UnJt.,- ext~e ''''''I'",.,,,,c Iootl
th. be",ling roh",u" "ill hoclle os ,he .,,,.11... bon)' t",n".."" moo""I>< fnIct"te... documented
1>;' F)'hrie .",1 Scfuiller (1m) ("-'" figure H). In tn;, ""r. thecmcellntn bone",n ",I-o-xmd h.ek to
its ooigirul ,1t.I'C (It Ie." '15% of ,h. orig1".1 "nlo.od,-d ,h'I><) when the I""d i, I'<:,])",'ed. enn
of'e' <offering f",,,,,un:.n<! del.min.,ion of the ","',,'."'" ,r.beculo., 'mi, ,,,-hi,eau,. '1>1""'"

to ,ffo<d excdl.n' eb,ticdefi,.",.non, ,",'en" fte' mork<,1
d.moge. md ,hen '0 "'ft.'in it>tJng1,,,,1 <tru<tUIT .nd funt~

,ioon .. i, hc>1<. D.m.geJ """"lkI... frK"'= '1'1"'" '0
he. Iquickl),. gn'"n the onull .moun, of""<OIlonic ....i,it)'
llC1:oc..J. at le." when rompored ",th ,m:, Imgth of "me
net,!eJ to r-.:paie <'O!I.ge1lO'" ,i"".".

,\licmf"'cturi"g of th. ,,,bee,,I •• can occu' with
re[>t~iti,e Io.oding " b'd, ""U "'-·Iow ,he f.il"," levd
frum a <mgk 9"le of I,..d, u. md rolle.gu<" (lOCH)
de"I0,,,,,..,ed ,hat 0;:lie loading at 10% of "I,im'te
f,il",. Io,d ('."..d r>U d"".ge or eh'nS" in "iffn.", b",
"'i,h 20.000C}-de,nflood .\ ,(rJI> '0 JO% of the "Itimate
f.il"'e 10>,1, hoth <tiffueu.noJ ene'S)' .1""rI>c<!., f,il" ....
w.,,· J<'<1'e"..'1. 1·lighl), "'I"'ri",.. I,..m. <~'m.' 'Iui,o low
,n'gnitu""'. '1'1'<" to ''>U>c ",icrud"lll.se.

11>< """"poroticwnebro ;. d. " ...:te ri.ed by lI\i ner.1
los. on,1 ,leclining 00ne ,kn>it)' in the ",beet,!>., lIecou",
tr.n"·.",, ,rob.c"l.. ore for f""e' in nu"'!><' ,hon kin·
g;tudin.1 ",1.,'<.,,,100 md he<."u .. ,h,'y ore Il"nc"II;' of
SI n, lie, di."""",. the ,r.."",1'St tr.b.""I.< .p<d fica11;' •re
the ""get fOr "",:h.n.,..1 ron'l,,,,,,,i.. ",ith OM«>llOrotle

nlincrollos, (Sil,,, .nd Gib,on, 1'197) ("", figt". '13).

I"te'ostinglt'. the "me .u,bon ""'ed • high., ,.ndenc)'
fin ,he ITon",<""" 'r.I><'<."lJloe '" ,li"p[>t", in fi.,n"l", ,,'i,h
gt1'at., ",ci,knce ,hm in mli,,,. Thi. ~'" in ","eh.me.1
inwgnty of ,m:, tr'n","'" ".h",:ul,. h•• " gt1''' ,nOu­
.nee on ,he COI"p"",i". "<ength of ,he vert.brao ".
,he ,»<:ch.nism d"",nbet! earlier. Th"" the ."t""""nKic
,.."d", "'-ogin< to .... ""Iy<»JIoI"" ,,'hen "'l"-""" too~
.i,·e k>od. ""h ",ri.l hoclJing of ,he <x~wnn, "f hone
ulti"'atdr ,beloping ,he d ....it, ",edS" ,h.]><.

It i, inl<n:s'ing '0 con,ra" ,he oth.r ..,,,,,n~ of ,h.
00ne Jensi')' >pec1ru"'. 'Ino 'ron"·....... ,rol:>ec-ula. hor­
"... ,,1 from ,.pe<imen. who performed hea,)' "mk (in
p'f1lrulor. "'<~ghtl;fte...) ",e... thick ."d ,len",. In "hli_
,i,m, ""oc,e ,m:, '''''''e.... ,,,,I:>ec-ul.e in'er><X..<-d ",i,h
,he 'erne.1 <"Iurnll>. ,he jo"", we", ehor>t't"n,ed 1>;'
he"'r oon)' g",....ing.•imil" to "h". "'ol<ler "'o"ld
",'e1d to " ...ngthen. righ'.mglo,1 jom,- Th., 'e.n"·.,,...
"''''-,'lOb. '1'1"''' to be eru<-;.I in de'ennining <VI"I'''-''­
si,·" "-,,,oglh,

Understanding Vertebral
Mec::hanics

TO lrul)' ~ppre<:;~!e vertcl>r.ll beI1aviOl' I
''''':t)tJra~ \'OIl to obtain 0 vertebro from
a OOlChe< lbovine Of porei"" is idc~I).

Hold the vert"bra "nd plole to ""d
plate ooween \-'OU' Ihumb and finger
and S<jU<.",ze. If \-'OU have neyc.,- done
Ihi~ l>clore, l'ltl will I>(, o",,>zed by the
deformation and ela>lki1y. The ve,te­
bra l'X!"-,,-,coc"'S similM deformation "'
lhe iocon~;I~e nu<::levo oi 1he dilC
presses over tl>(, central end p10te during
opine run>Jl"-"S,ion;n v;m.
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fUrlCtion,1 An.J~ of the lurrbM~

y", ""o.h"r ottse"..,J f.ilur< ",,,,,h,­
ni.m of ,h. "end,..1 hody i, ,enn«1
,h" "'~J'" crush," m ",hich eI'eMi,'e
,r.lort...I", d,,,,,1«' is "1",,,,'<0<1 ,,-i,hou,
concomiton, ~'" of "iffn.., or .brul"
chmge in ,he ~..d--<ldom,.'~>n rei,·
,ion,hil' (Gunning, C,II.gh,n, .nd
McGill, 1(01) (sec fi .....or. ~.j). Sinc.
MOpe ch.ng< in the Io>d__defonn"~>n
rel"iomhi!, i, oft.n .".,,) to id.".ifr thc
licld [lOin,_ or ,he ini,i.1 ,i,,.,. d'''''g<, "
,hi, iniu'}'cm go unno,ice<L In'"re,,· ~_~~~~~~_~ ~_~_~~_~_~
mgl)' chOUgh. ,·<rub..c hihng undcr f~ute4.4 Wi,h ,ging, ...... '<an,ve..-"" 0< l>o<i",n,.1 trot>oc"I..,hin
.,..r_incf<.,ing """p"",.i". load "ill .od ......,.,'o.lIy lose ,....." .l>ility !<) ""pp':'-' ,he "",ie.1 ,..00<01...
gradu,lIr inc..... in >liffn..... Ie",· "t,;ch c'n ,h',n l>c!Cld~. c......ng ",rt,'br.1 coll.f"", (.) ... 1"-,,ltllY
"'<"1\' to the """,hfu] .n:hi'n1urc ,.r tr.lortul" u.:".,., """"",k fron' • 47 -Y"..-old wonldn, (bi P"no<iltion
,h. <ran,,·• ...., .nd ,'"nie.1 b,;cul... in. "",i'ontal ,..b<.'Cul. in.n ekkorly """,,"n.
Also in'eres'ing i, ,he 1oa,1- t" ,lei'''''''' ~. Vol." MJ _ , ,. """" ._...... _""",.. to+-..
u.,o<" ofloonc "rength... ,he cnd pl"c "' "-.... "'- -. "' ""'-" '"" 10'·'"

f 'fi
, , ., """""'r''''.__~"'"_''''''''_'''1'1''''' '"'' 'r>'" "". OIlu .. ,e,

"'hile ,he .'ertebnl bonr .Ie"'en.. f.il ., highee 1...,1 ",e, (..,. figuee ~.6),

lJ,o,h ,he di", md ,he ,,<'ftcb.... d.f"rm while "'1'I",ning '1'",.1 1...,1" Und", CR""';""

"",nl"'-"';'" lo,ding. <he bulging "f ,h. ""d pl>t.. in,,, ,h" ''end"..1 bod;" ,I", r,u"" ..di,1
>Ie...." in ,he end plole ",ffieien' In C,"'" f"'etare in , ".11.,. l"11em ("''C figl'" ~.7). These
fnrtun."J. ,,.- c.-xl>. in ,he end pl.,. ,re .om<~,mc ••ufficJen,iy I,,;rc '0 uk,,,, ,he ~quid nudcm
,,, "luin rnroogh ,l'e end J~'w in", the '·<rlebr.1 body (,\kGB. 1997) (see figures 4,g .nd 4.9).
Sometimes. loul ..... ofbon. coll.\,... "ndee ,he end l~.,e '0 c..". , pil or c.. ,ee lh., goe,
'>n '" ~,nn ,h" ch";,: Sch"w..-l'. nod" ("'" fi!!"r" ~.lO, ••h). Thi. ')'pe ,>fini"ry i...,,>ei.,ed "i,h
"",nl"'-"""'" of ,he ,pi"" ",he'" ,he ';>inc i. ",i,hin Ih. neu,ral r.ngo "f """ion (i.." ,w>I O...d.
hen,. or ""i".d). In my .'Ilenen... ,hi, ')'1'" of oornl"""si,·. iniury ;, ,'.ry co"''''o'' .nel ofien
m",li'gnos<~I .. , h"mi"",1 di", ,Iue to ,hc R."cned in'cr<~sc>J 'I"e" "-"'''' '>n rd,n" X...)'....
II" ",-.r. "'>I. ,h.. in ."d-pl.,. fnctures. the 'nnul", of ,h. ,I....· ",n,.in. in..u. It is ,,,npl)",
c of ,h. n\ld"", l,,,'ing the disc ,nd l""8'"""i"g ,Iorough the end pl"c in", the ..ncellc."
COI'C of ,h" ,,,,,,,hr. f",",,,,i,,,,,, ..f,,"'Cd '0 ., , ,,,ni..1 hemi..ion}. (h"e ,he ye.... we )"""
,,,,,,pressed ""cr -lOO 'p,n.1 um" in , ncu",1 postu"" .",1 .11 bu, ,,,,,, ...."It.d ,n .nd-pl".
f..<tu"," .. the pci"",y tissue d.m.ge.

.,.' , ,
...:.. ~ -I •

J,
J~. ,

• .;, .-• ' .. .~•• ., •

'.

..

,-,

•t'~)·'. ." ...

•• •· ~'.. .... .. ,

•

" .
••

•
•

,
•.'•••

,

, ..,. .."•..... . .

•
Figu... 4.5 IdJ Me"",,, ,..beeul" d.lrJh'!!,C f""'>l1 du,ing the di",-""ion .,wI ,,,,,,,,,,.1 of m.,,,ow following"" ..."',;,'"
'slow ",,,,h" <on'I"""'i.... k>.ld. fbi t ligh<. m.lgnifio,ion of ,he ",,,,h f,,,,,,u,~. h<'n this ""''''''' I"'clu," ...... nut clea, Ott
X.'oy,-" O'lY oth<. ""'mina,;on n>C1hod,....-_c ·.._ .. ...,.. ,~,. ,. c.-w.o. ,. ' .......... -J .""""', .n.,_ .._ ....... ......, -J~"""_'"' ... ,.........-__ d....... ~ ...._""""._......... _· .."_.L_'rlOO' w.,...-_ .. ,........
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Figu,.4.6 Cun,p'c"""" InIU,,,,.,.t dITf<.",~ k...d ,.K.,. "'I low ro'<.'S 01 ,om"",,,,,,,, Iood the end
pl..e "1'1"-"" 10 l>o ,"" fir>! '('UO<1U!e k> Idit bul to.- will i,O<:lure fi,,, uoo.,. high<.. rotc,> of lood.

Fi5"'" 4.7 Stell""'p"tt"',,-oQ ",d.p_", froClUA' (indie.tc.l wirl, """") occun a' the n""""" is
p«.-..i,ed undo.. compo,,,,",,, Io.>d. »hid> co""-,, ;, to bulge tho, ,...., pl.,." importing """"k> ,tre>,.,..

",...••1'<•.•• '•.·r... ...- ·
:,", (~ :
"i'~·~. '.,

I V
• ••··... :t"!.'~~~.... ,,_....

...... .. If,
••r.;~·!'.~1

F~,. 4.8 Unci<. coml~<...i"" !uadir18 the nock.... "',...u",...., <-o"'ing the md plot,> tu 1>Ulge into ,he "...""1.,,.1 body.
With ex"",,;'" ,..Ji.I·",,,,ile ",.". ,he..oo J>I.'e will f,aetu,e .",1 the vi",,,,,, """leu; will >quirt ",,<>Ugh the ",.d intu
the ,,,,.><"".1 body.
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flSU" 4.9 following. more <eVef" end·
f'!,1e Ir.e'ur", • pooio<1 of the nllele«< ....
squirted 'htough In'o the V<.'f1eb..1body
l!hown ," the lip 0/ ,he ",.Ipel .00 the
."owl, Th" i,. pore''''' spec,m"n_

End·Plate Fractures

•
f;guto 4.10 In OIddllion lC>end-pI'lel,,,,,,ures. """" inju';'"
!(Ilhe end pl.'" ......00. """'f""",iw Io.ld indude (.) ·pi",·
..-hid> OCeu' ., ".bee"',. I:>0o<I1,0><1",,, in """II .,~.,...-.do<

,I", end pl..~. n"-",, go on It> t",m Schm<:><1', <>00<.... (1)) "-

Seh,,,,,,I .. r>o<:lo i' 'h" n .. th.Hip" 11,,-, • ..,)w.
~ ......w <t, .....,.w .m~ v,-. ,"" """""'__""",_
~.... """'... ''''. *'" "'.....,.om ,""'..

In my "'p""ience. end-plate IrMture wilb lroe I""" nllelear fluid' Ibrough the crack imo troe "'-'flebfallJody
loften 10nningSCbmooi'S rulL'Sl i, a VtTy corronon w,r~n'Ssi"" injury arn pl"hilps the most misd'agnosed. loss
of lhe disc ""deus <esults in a n~"er.ed inlCtdil<:JI sf,",ce 'hat .....lIen §Cen 0<1 p1Joa, X·'ays is u>uJlly diJg...--.l
as a herniated disc or -degenerated di",: I"".....".,.,., lile annulus 01 tile disc """"ins intact, II" ,imlllY a case
oItlle nuck"" squ,rting through the end-llIal<' UMK in!(l tile c.nc~lI"", com 011"" """'->bra. 1,,,,, disc 1",,,,,,.­
tiO<1 requires very ~i;ll trlCCh.lnical rondilionslhilt will be (k.'KriOOI sllco-tly, When compressing spi!'ICS in
lhe lab, we roe", an audible -p<lfl" at lroe in<larll of end_plate iractur"......,,,,,clly whill p.:llients "'11Oft when they
describe delail' oIthe event that R",uiled in the" ""io. I also stronsly "'sp<'<:tlh.r some hadu'''' are """"-""hilt
i)<,nign in tn,'I ...., i.....-nerlia,,-, Wvt.'rC pain occurs. Olhe<s. h(>w~*,'Cf, may he instamatlCO<tS1y aWle; il rl<:rJ<'.-.:k
00 lhe biomech.lnical ch.lnge:; lhat accompany the Ira<;llll'e_ Ii tllete is "'b5!arlli"llo>s oIlhe I1\>Cleu' from the
disc (i.e" it i' "l'r1Icall~ ht.-niall'dl, lheo immediate los. of di", height and ~ucm compromise 01 nerve
rOO( s;xoce will <esu1L NthiS poom me er>d'i~a,c l'a<;Iute will mimic ,he s\,,"1Wf1'S of tf"" ho;"ni ..ion--.1l'-"":ho;"
reil5O<1lor tile com"",n misdiagnos,s

Poslerior Elements of the Vertebrae
Tnc!","",erior de"",o" nfthe ,-enel>ne (",,<lid.., I,m',...., ",in"", pr,.,e,""" .n,j £octt ~~ot.s)

hOI'" , shell of<,oni....1hone hu' ront:lin ,,,,,,,,·e1I,,,,. honrmre in 'he 'hock "",-,ion;, The 't:lrD_
,'."'" ptoee>"" proje-cr l"e,.II)' 'oge,he, ",.i,h • 'u""rior .,,01 'n inferior pai' of filC« ;0;"" (...
fig"re ~_I)_ On the l,tt,,1 sutfx. of ,he I~.,••h" fum" the ,,,,,,,ril" r>eel> or••he ilCCC""'Y
mol ",.mill,'Y jJ«).:e,••" th". together with the 'tan,,'e"'" proc:.-eu. .re m.~" .."eh",en' .i,,,,
of ,he Iongi"im,,' ,,,01 iliO<:'06<ol;, ."tt:nsot ,"u,de ",,!Up. (J"",ribed I".,), T1>e f:>ct1 ;':'i,,,,.re
'}'J'i",1 <)'"",'i.1 join" io rh>! the .ni<;;ub,ing 'urf""".re <'....ered with hr.line conil,ge .nd .re
..",..,,,,,01 wi'hin. cop,ole. Fib",.dip",e enl"lI"'''''o'<, or meni'mid', ar" found .moml 'he
rim of the f..,.,., .lth""S" '00«1)' at 'he pr",lllI,l 'nd di".1 edge, (Jlosduk ""d Engd. 1\lll4),
...·h"'h h..... I:oeen impl"'''eJ os. l'O"ii>le strucl'''. Ih" """kj "I:>iod" ,nd k><k ,he focet ;o;nt
IS<.", figure 4.1 I. ,.h).

The "'-"0...1.",h 'n 11" 1(pedicle; '001 Io",in,.) .ppe.« to b. "-"11<..."h.. 11.xihl•. In f".,
Bed,in"', (1992) de,uoo" ,ed ile,il:>ih,y ofthe 1"" io,e...nic-.I.n, Junng il..ion"exten';"" of
c"b"erie <pin.., ...,ni1e Dicker .nd m11c'll"'" (19\16) '""""'1',,,..1UJl to .hree_degree ehooge. of
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The Posterior Elements of the Vertebrae Are Fle~;ble

In ·UOOer)/~nding Vertebtal Mechanics" OIl P.1ge 38, I recommended obtaining a ve<tebra from tile wchet,
Gra.., the ,,,,,,ebr~1body 'n one h~nd and the whole neural arch in Ihe Oltx... I:Icnd tM arch up and down and
"Ole the flc,it><lily, This ilC"ural displan'<l1Cf1' OCCOO in l'.ch cycle 01 full 'P'r1C ilcxiO<1-t,,,rensiO<1 common in
events such as WCJm(.'I1'S go;mnaS/ics (iigure 4,121, Ii this cycling cominues, the )/"-"$, rtM-'(\.lls will '-""'nt.....lly
c~u... a f"'igue crack in the pa", Funhl'r repetition will cause Ille crack to fI'OPJgat" throogh 1M lull w,dth 01
the pars, cvcm ....,lfy 'esuhing in f",cwrc'-<lnd in vivo, ,he (onclll"'" 01 spor>dyluliSltx'SiS.

fi:o;u,e 4.11 (.! l.,..~.1 view of lli<:: inf",i<:>t ,"kul.,
IWOC"", "",,,,I'ng Iii<:: i¥.CI. IhciibtO'd11X"" """,;scokl.,
.nd the .d;po,,, 'i,,,,,, f"d, whi<,h h.1'" 00..", in>plle.tOO
in joint b,,,,I;ng, (bi Crus! >oct"", oI'he po;I<.~io< view 01
,he fac'" ;o;~t. showing ,he I>osit«"" of the fib'''''dipoM'
"""'iiCoid< • .-.:Ilhe «IilX"" lim", pads i~ the ;0;"1.
..,.__t '• ...-~. ,,_ ........... ""'. <....." ..........od ...,0,_", ,........ "'"'"""- ",

Proximal-\
\

the righ' pedicle wi'h re,peeI to 'he k,11 pe,lIde
<I"nng quote mild ,LuI)' aeri,in., u'ing I"'diclc
",,,,,,,'s in '-;'-0, F.au", of'hes< ek...."" 'O!!"'htr
";tll facet ,l:m"~e. lea'ling tu <poruj}"I,~i"hesi.. i,
'o,n."im"" blamed adusi,-clv Oil ant"""T_I""t<o­
nor sloe" fUr«s. H""',,,..,. .- (><e oould k ,,,.de
from opKlemiologic:ol e,'i,le""e in .,hle'e' ....ch "
g"m,,"••nd AU>1nJlm melet b",.-Ie" (liard.
<::>"le. Annc->r. and Fosttr. 1992) 'h" 'he d,m,gc
ro tk<e I'O'terio,. ekm"n" m.y .L", h" 's<oci>ted
"i'h full r.mge "f m"n"n. In r><~ the f,"eT the
b"...ler. the hilJ"lI<t the ,I,l "f ntigu< f..,~u...
(R'Nn."t '" .1" 200}). The qdic fulf ",i"" Ifaion
'nd ..terni<", in the", ,,,,,, of :K1i"ri"" f"igu<
the .",-h ,..ith ""."ed SUe" ,,,,·eNol>.

On tile Ollier h'nd. there i' no doub, thor
exce"i,'e ,he" force. cm", iniury to th.-.e "",.
terior '-cnebnl de,,"ents. Posterior ,he" of the
stlporico" ...nd:>rae ",n ""'d ro Iig>''''''''u,,, d"n>g<:
but al.«> f.ilure;n the ,'<nd'r' ;,,,,If. a. the end
t>I.t< oft~n ...·ul"'s from the nost of the "ertob,,1
OOdl' ('I'ngli"g.'1<I .\\<Gill. 19991.» (_ f,gure
4, l;j. I~"h ""T I.b oh<cn..tion. md ,1""""';0,,,
",th ,n«Tn..;'",,1 coI1e,sue' ho,.. rcinf""'ed OUT

suspiciol' th.. thi' '~'l'e of f'ilure tN}" be more
o;:omm,,,, in th" .<lul""",nt .n,l g<:riotric ,pine
thon in ,he ~"ung md miMle--agcd .dul' ,pine.
Funher ~.<:>rt is n..-Jed fUr ro"firtn"ion,

Criplon .n,l colle.S"", (IWl) ,k><;ument",1
thot .n tern,,- ,Ii....r ofthe "'1"'"'''"..TIeb... "uS<..
1"'" and f>ret fr.octure leading 10 'fJOIldj'Ioli"1oesi,
"'ith "~'l''''1 tole"nce of.n .dult h,mt:.., ,pio<
of 'I~)ro,jm..oil' 2000 N, AI tli< >ugh ';n"l. r inlur,­
",edI"ustn, .,,<1 roIeuncc ,..Iu," ",ere obsc:"'-.cl
in ~'O"ng porcin" ,pin" .pecim"n, f\lngling
.nd ,1!cGili. 19')'h 199%). the ~". of injo')'
'll,..,red to be modut.tod l>j' ""ding me. SI>ttifo­

c,lIy.•",,'rior ,hear forc.. p""llOCed unddio'''e soft li",ue injury" I""'l,,.d rot.. (100 NI,).
Iiotfrocture. ofthe 1''''. f.cet f.ce. m,h-endm.l boel)'",ere "I",,""ed 11 bigher 100,1 rot", (7000
N/.). P"'tenor <Ii..r fore.. 'Ildied .. 1",,'1... d "te. I",>du,-.cl undefon'hle sufi ","oe f,iIUl"e
."d "eneh,,1 body f"Clure. "hile th.:>s<: (orces " higher lood "',.. produc<d ".<:tIge (T2Ctu""
and f>eet d,n".ge,

\\1010 .Ii~" toIe,"",:e of the ,'~neh...1"~lTion unit '1'1""'" to he in the ""g': <If2000 to 2g00
fur "ne-tlme l<:>,ding. N""""n .nd rolle.gue, (19'.18) tIOlKed ,n incr..", in reponed b..,l p,in

_"~j--_,\ '\ Inloriot
- Miallor

~-T'a....""ru-

•
FibrOlldipOSeLamin

I
.

SyP8Iior men<>cods

anieula,
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~.­..,roo
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Figu,.4.12 Rc."...,ili," gymn.<tin """"" ,,,,,h., th;, c."", "'<'SH.l.. irl
r"""""l, ;n tf,., ,,",'" 10 ,,,il>ci<of,, numb<... tf>c..,. w;ll «""I, io Idtigue I,d(;·
IUfl'-le.:KIiflg to ;pondyloli<tf>c'Si•.

Neural Arch Fraclure

figu,. 4.13 SIlt,,, inj",ie. inclode
It""t",e of ,l>e f,cet b••••nd, Of)

occ..,ion, rod'f'I,te """I.ion from tl>e
,,,,,,ebrae

Spundyloli<thc'Sis and ...."Ufal arch defects arc ,·t>l.k'fl'liC .trrtJOg 1e"",1" gymnaSlS and nick'1 bowk'fS. to rl<lme
a few. l'ati<!nts with spon<lylohslt-.esis generally do 001 do "",II with theraflCVlic cxe«;i\oe th-lt takes the spine
through the "oS" of molioo; "ther. Slailility ,hould I><' {he rehabolitation o!>ieai"". R.loaw,{ and (011&1&"'"
12003) h;we ......de a wong case /of cooSt......ti", appro.lcllt'S, which we'" ,c"':H-ssf,,1 ,",'''0 with CnCkt1 bowk>f5•
., only J few r.et'<.lt'<.l follow_up Wtgiwl interveotion. I h.....e I~o iovolved in 1;ligation Cd5CS in which dca'
,pondyloit"hesi, exi,ted bul was alleged to be "-"",<.<Ito a specilic e"""l (for example, a "",eOlly occu"ing
.w)rrobH" acciderlt). 10 wrgtry. ~'V()f.lilt"" wascviderxe til substJrltial OSIt.'CIgenic .Clivity, SUl:S""ir>g lhat
lhe iniury was quite oId_ In IJCI, lhese patients (fonnc< lrITllrl<lSli) nlUSl ha>e had this damage while competing
00t wc<e so fit and thei, sri"'" were so ".~e lhat 100y were able lO t'l'Olaio io competition. following rei;","
menl, having children. and losiog fit05S, a ,alllt" miO()f cwO! b.Jcamc the iOSligator of thei, ,yrnr>!Ofm.

tn ,i,.. io ~~" th.. ""1"_1 "",b,,, to ITpet""" <he" I....d. !!'cat<r tfun 100 N, We {"(",,,d,,,
these the 1><" ll"idelinc< ""rrencl~' " ..ibble.

A tio.1 tl(J(c i, ",te,-.ot fu, t"p,,,, ...1.",1 pn:>looge.1 ",teo,;"" p<:»IU'es.n-d motion, >SSOci­
""d "lth the ,\ \eKem;e .pl)f(l>ch di"", ••"d I"e, in th" Ixx>k. Some iodi,,,lo.i, 1'1"-,, '~t""Jlg
'Pines" in whkh .diae"", po..crior 'I';n... ",~liJc in foil exten,i"n at one 10-.-.::1. The i"":>i,,xl
level is "",.lly doe '0 , ,imple "'''' of .n,tornic ,..n..ion. 'I"....... m.y l)CO)fne """" f""lucot in
people wtth di'C height""" "'he", thc P'''tcrinr spine be<-<."cs nx,... .wro:rim..edJ im T.}·""
(I;,ollley >rid T.yl<>r, 1'1117) h.. n{JIed desttu""'-e eh.tl!l'" in the i",e,spio"", ligmn,"" .. thCJ'
,t"<' t"Cf"'atec!ly cro<h<.'d ., ,he ~i"iogspine b·d. lIe d<:scril:ocd ,hem.n&", OS ,he ..b·d"p"",,,t of.
"fih",,,.rtibgi,,,"""",-ering OIl the m1liding l,)().,.nd • ho",,_liU ,,"'-it). sumJUO<lcJ i>y t... Koal "ith
I 'JlX'"it! "'<f"Lr.ulC."'11'ottt i, "" qocsti<", ""S-.nling thc dlic~::yofthc McKrnzi< cxn"llSioo rwtines
.",. '0"'" aeut~di~"icl'ld p,,,icn,,. I .ttl c."um" .boot h,,-inll' f'COI:>Ie ro....inel} c"Il"1l'" in
tlk'S< p<>stu,e, foIl""lOg f'OCO\'e,,· r""" the >cote "l'i"",l_thc ,pioe m.)·!",!" pncc
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Intervertebral Disc
The ime"..,neb..1disc hJ> three Ill.for ro"'poIlen,,:
th< nudeu, pull""U', .nnulu, fibr",,,,. ,n,1 en,1
pi",... The nocleu< h... gd_lik eh "e' l\;,h ml-
1'!l'=1l fibril, ""'I",ndnl in • b,,,, of "..t "d ,-..riou,
Ill~y.,,,;ch.rid,,,gn;ng it hoth ,;"""ity .n,1 ,ome
eI.st,e "''1XIll'" w""n perturhed in ,"m. At the risk
of "",nding ,rude. ,h. best w.y '" tkscrihe • h.,lthy·
nudeu, i, ,h" it 100'" ,n,1 fed, lib: h.",)" phlegm.
During III ,i,,,, testing l\'e h..·• h.d i, "luin ou' und...
p~r< 'nd li'et<llly "Kl to ,he ".. II. \\1<ile ,here i,
no ,Ii,ti"", horder het"""n ,he n""I"", ,nd the ,nnu·
I",. ,he 1,,,,,,11.. of th••nnul.. b"mm" ",on: disti"",.
"",,'Ing ..di,lIy ou'won!. The roll'g<n fihe'" ofe..:h
lon, in..... ohliquely orient,'<.l (the obllqui,y ,,,n, in
the ''J'P''Sit< di,.,.tion III ...h o:"",.ntric 1>m"II.). Th"
e",1; of ,he ,'OIlogcn fihc.,.. "Khu, i",o <he ",,,,.b,,1
boJy' ,,'I,h Sh"lley'. ~be"i in ,he "",en""" 1.",ell,•.
,,'hil. ,he inner fihe" ,tt",h '" the .n,1 pl.t< (,ho, en,1
p1>te w.. d,,,,u<scd in • I'"'''''''' .."ion), l1te disc<

in"""" ...,non resemble. rou,ttleJ tri.ngle i" ,h. ,l>ot-..<ie r.gion ",d.n .1Iip", in ,he Iwubor
",ginn.•uggesting .niootropic f.eih...i"" of t.,isting md hcmling {"", fi!l'''. 4.14).

Figu.. 4.14 ero.. """rn lith< i""-""""'.... Iditc.
'...-"r.- wc_......'.fu_.'_
_ """,01 """..........._,~", "......
'-", '"

load-Bearing Abilities
Tb«lisc hch........ hydmst"ie "ructur<th.t ,ll,,,....i"l<grc..'<uf moti"" "'-'N""'" ,·enebr••.
It< .bili!)·to hco, ",.d. huw",'cr. depend,on it< sh.p••nd g.....ocO)·. Duc to <he orien..'~",ofthe
oollogen fit>c.. ",'ithin <he cX>ncentrie rings of ,h. ,nnulu,. ",'ith ""e-h,lfof the flbe" oblique to
,h. ,,,h,,, holf, ,he .nnulul i, .hJ. to ""''' loarll "'hen ,h< disc is 'wi"..1. 1,10,,""'''' on~' lulfof
<he fibe... ore .hle '0 'upport thIS tnOlIc of I""ding, ""hile ,he OthCT h.lf he<",oc di"bled, resul,~
ing in, 'uhs<onti,llos. of suen",h or ,hili,y '" l",.. Iu,d, Th••ltnulu, 'nd ,h. It""lcu, l\'ork
'''ll'ethec tit ,ul'f'Olt ",ml'''''';''O 1u,,1 ,,'n<n ,he disc i, .ubject..1'0 l>en,ling ,n,l cnn'I'"",<ion.
Un<!cT spi"" t""'I"'''U>n the nLlCku' pressurize">.•ppl)ing hpJ..ulo: ID"". '0 ,he ''11<1 pI.,e>
"cnicolly ,nd '0 th. i"n.. olt"ulu, l"...lIy. This r.usc< ,he 'ltltulu' roll,!!"n {,Ix.. ttl bulge
,"'Iword ,oJ becom. ,en",,1. r.... 'S". ,\brk,~f.n,1 ,\\o!Tis (1974) deg.ntly demon" ... ,ed ,h.,
• di"" ,,;,h ,he nuek..,., .-clto,Hod h,t he,gh' I"" p"">,,,,,,,d much of it< pmpcnics of ",,;"1 >tiffncs<,
ercq~ .nd ,d.."ion "'''"", The f.." th.. thc n"deu' 'PI""" "",-",<;ory '0 pre",,,'. di", hcigh,
n" impl,Cl'ion, fo< f,ee' I""ding. ,heor stlffn..., .nd ligon",nt mech,nn,

It i, ","""unhy tho, ,Ii"" d.m.ge i, """, olten 'C<'<Kl'l"ni",1 hy ,,,hd,,...1 hone d.m.!!"
(Gunning. C,II.gh.".•nd ,\k(;ill. 200l). I" r"". Keller .nd rolle.gue< (l'i93) noted the
in'erdel"'ndcncc of bon< 'lOtu' .nd disc hellth, I/«:eflt ""id.ncc ,Iso '''ggesu; thor '-'C"''''''
m",p"""o" con 1.,,1 '0 ,Iter.d <",U met.holi.m "i,hm ,he nudeu, ",<I incr.,<ed mel of cell
....'h ('I"",,<><i,) (1...0" ",d Chin. !OOO). 'Thu.. the ,~',d<nce ""1Q;"'t< ,hot <"m]>,,,,,i,,, kto<ling
in'uh-ing 10"'<' romp""';,,, lo,d, ..i,nul".. h<,lthY' hone (nOleJ , •• corrd"", of dl .. h.,.hh)
hut ,h.t ."""'i,'e Io><ling k,d. to 'i..... hr-c.l,k,wn.

Progressive Disc Injury
ntnsitler"~Kl of pl'<'I:'""i,'O dis" iniury" i. in OTlkl' hcre. A nom,,1 d,.. un,ler """1'1'''';''''
dcfunu' ",.inl)· 'hc end pl",~ ,,,ni...llj' together with lcs"", ou",,>td bul!l'ng of ,he ",,,u­
Ius (Heinel",."n, Bigge""n".•nd Hil"'eg. Inll"). 110"'",''', if little hy'd""",ic pr«,ur.
i. pre",n'. OS in ,h. co", III ,,'hich ,h. nucle'" h., been I...." 'hrough .",I_pl>« f,.,ctme OT
n«"i"ion, ,hc ""te, .nnulu> bulg~' "",,,,.. ,d .nd ,h. inncT .nnulu. bulge> inword during
dise roml"essio" (<<e figure 4.15. ,-b), Thi, d""bl. CO",'" bulgi"g c.usc, ,h. l.mi".e of
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figure 4.15 (,) In , n.."lthy joint wi'h , cont>ir><od nuck", In..~~ i. minim,1 ,nnul", dto/"""'Ii"" und<~ compr~...we
lo.>d. (1Ji If the nlJCleus I""" pres.ur~Id"" to ,n ...,..j.plale f'Klure, fo< """mt>I~), the annutu< comp""""', cau.ing ,adi.1
bulging booh outword and inword larrow.) and proolJCing del,nu...,'ing ",esse>.' lhe annutu, layer> ar~ rulled aJ>d".

Ihe ",""I", 10 "'1""'"•. or Jcl.minate. and h" been
h)'l>o<hcsit<:d ". ['Illhwoy lOr "udear m.,eri.] to k-.\;
Ihrough lhe Iomdloe lop,,,, .nd fin.lly ",",de. cre.ting
, f,..n~ hem;",,,,l di>c (A<Iom. ,"d Dolan. 19'15).

"rIOlh<r inte,..",;n!! l'n:Jf>O<Ol h" I""," .«"<ml)' 1""
fOrth by Professor .-\<1,"" (pe"",n.1 comm"n"",l;""), I'le
h" .ug!""",l 'ha' • Iw.bhl' dl>C build. inte"-.ll"o"ur,,,
"nde.<:-ompre<si,'. I""d, 'h" .re so high th" rIO ,''',,'. u'
,-.>cul.. ,,,,,,,,I """Id "",'i,... F,~lowinl! inili.lend·plote
,lim,!!", Ih. d,,,,." can no longer hUlld ""h,tan,i,] p,e","",

""cit Ihal"'"'''' lIld bluud ,.._I, '''' alJl. to in"o<k lite
di",. Tk-;c '''' more pus<ihiliti'" III ,'pllin the i""r-..oed
...!CUJ.riut~mof •<I<'g"nc"'tcd" <Ii,... ,nIl thoi, ahil it)" to

gton<r"e l",in,
hom • "'<';'''' o( <ho 1i",1'\"u",. o"e can m.~. h"

ge""..1""oclu,io". ahoul .nnulu.< inju')" a"dlhe "-,,ul,.
"'s bulging 0' h.mi.oon,

A Note on Twisting

WhIle we ha", I'lQI performed a 10l Qf
~rch on the dfecl oIlwiSling on the
dl<;C', il a[Jp<Oars Ihal """,al"" lwisting
CilIAeS lhe annu Ius to sltlWly ddami '.Ill),
Thi' i' wit1enc"" hy the Ir,.6ing of the
nocl"", imo lhe ~nnul", in all d,reclion<,
While we do O\ll yel know lhe ,,,blk><!·
!;hip]"""""", mmber Qi cycles and loads,
we do know that ~dd<.>d torsion t'l't1IJees
lhe «:J<'lllrt-'SSi>'C sm,ngth oi lhe joi rl1 (Aul1·
m.ln et aI., 2(04),

•

•

•

•

It ,"'OUld 'pp"" ,h" the di", must be bo"t 10 the f,,11 end ""Il" ofnlOli<.ut in ordor IQ

hemi1te (A,urn.. a",lll"tt"n, II'll2),

Di<c IwrnilI~'" i. ''''''-;''0<1 no' onl)" ",ith ",Irrmo ,lc>,.n.-d 1"'''''''<.•i,heT full,- Ae,od
or bont. b"I')'" ~'ith rt1""led io.a<ling in <he I",i!!hborhood of lhou""nds" ti"""" high­
lighting the rok ofr"igue,,' ",,,,,hmi,,,, o[;nj,,'l' (Gonloo .. ,I,. Ill'll: King. 1993).

Er",I",niolofPt·.1 do,. link Itemi'ti"" ~'i,h .....Jo","')" ""'-"['Iltion' and lit< sining !-""'ure
(\'<krn.n. N"n"inen.•nd T,oup. 1\190). In (..'t, \\\ldeT .nd oolk.gu<::< (InS) do;-u.
mentc,l .nn"brle... in )"mrng ..If 'I~ne. from pnJonge<l .i",,,I"ed <itting I""'"'.' .n,1
'-)'dit ''01111"""i,'" Ioa<llng (i,e.• sim"I"od trutk dri,-;ngJ,

Hemi.tio", 'end to OCOO' in younger 'r"nes (All."" .nd Il"noo. 1985). n,.."il\g l!>ok
..'ilh higher "~l.. c",,'en' (Adarn, ,,,,1 ,\luir, I'n6) ",d mo,.. hpl.,,,,lic hoh,,'io•. 01,1..­
'pi"", do not 'PI"'" to exhihlt d.,,;. extruSIon of """Ie.,,,,,,,.,;.II"'1 ..theT arc d,,~
K\eri>:edl:r)-' ,lei.min,lion of lit< ,,,n,,lu' bye' .nd rodi,l erach Ih" '1'1"''' 10 I""ll""'"
"'ith rope' ted Iooding ra nic" "";"". i, 1"",;,lod by Goo!. ,\lonroe, et ,I" 19\15).

A"""pIe or ~..a", '[l" we "",ghl tlw In,," potent m"ch.ni .." katling to ,Ii", hemi"ion. Gi"on
lhat il n' critit.J to t',e"e, hmnogencou, t:ohort of ,,"'cinlCn>, ... d ..... a [Mg '[MOC mood.
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fiS",. 4.1~ R'....bilir..i"" d",,",,-.. ,Id>
0' ,hi, >ttc'",1" 10 ",,"o'e lumba' molk>n
by e'I,,-,,ji"ll ogol"" 0 ,,,,is..,,,,,, pod 00'
c,,,,t,, ,;",,,It.""""" 1"011"" con,I""""'"'
W" foon<! th.t ,."Iic>li"g the full '."8e
oi molk>n from f..11 fl."k>n to """'r..1 ..-.J
Ill;"8 the <""'1""""" loac::k<:i ,n."., ,*",ic",
W<.~e l""'·el1..1 <on,b;nati"", ,,, produ<"
di", herni.tion,
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c""",oll.,,!!' did. Im}',",,1 octi,i,l'. gene,i. ",,\:<up. .Ii", d<gen­
e...,i"". ,n,l.., fun.h. We fo"nd ,h,t 'epc"c<lflexion mot;"n
unde, "m"I'mc'>I1' """1""';;'''' I"ading ""., ,he e.;;e<' ""'y
'0 en,,,,,, h.n,ia",,". h, ("",. it ,..r"",J 00' ,hot ,he numbers ,,(
cycles of fl ••;"n n>ot;"n ".'" "lOU i"'po<"t,n, than th. aetu,l
magnitude of """I"''';'''' lo..LWhile no hemi.,x"" "'..,'"
prodoce-J wi,h 260:": of c·..."I......i,.., lood .nd up to 85.000
flex'"n cyek., nemi"ions WC1'C prodoced "'ith 867 N of Iood
and 22.000 '0 2~,OOOC}..,I""•• nd wi,h l~n N m,l onl)" ,000 '0
9\Olkycks (Collagll.n .nd.\kCili. lOOI). Ck.rl}'. hemi.""",
are , func,Oon of"'1"'..0:<1 full·n."ion ",,,,ion eyde< "'ith onlj'
a mode" 10>..,1 of ocroo'l"'njing COInpre";"e 10•.1. In fx" ",'e
mimiehd ,he lu"'!>or motiotJ .nd 1o:o,IHlg of. 'n,ie..1 'pine
,.h.!>ili",ion m.chin. "'he,e ,he ",,,0:<11"'0'''' kit> do"'" ,he
pel"s '0 isohre ,he lumh., "I1ine an,l ,hen ""'ends ,he 'o<so
,"pcoti.-ely .g:oin" • ,e'OS,.'lCe ""CT ,he midlne\:. (An"'-'nglr.
.o",e l>eopk are ,,,i,>eJ 0" this 'ype of m.chi ..., ""en ,hose
"i, h I:no"n .lise hem;"wm.!){Sce figu'e ~. I ~.) The time <eri.,.
"ili,W"ph, ("'-" fi!,"," ~.J 7) det""n"",,,1 ,he p,owe"ion of
the ",..d.a, ",,,.ri,1 ,~kin!!, ,hrough ,h. ann"I.., "'I,h """­
cessl,,, "~",,,,, C}"cl... '1'1><: hemia,,,1 dl"" 'pp'''''' to , ....I,
hum nu,,"Ja,;,.., tn"mo: E,..,n tho..gh ",e Iu,'e cru<he-J ",ell

""C' olOO ,·ertchr.1 ,,,,,tim, "1l""'"". "'.• h,,, onl}' 0""" or ,,,'ice "'"""..-.:d a heml.,io" "'i,,,",..,
concoml'an, fle>lon C}de•. NOle th" "-.Ol. indud;ng he>(h f... nl heml"Oon ,nd ,;,1\,1. ,lise
bulge' (...", figure ~.18) ..nde, ,hi, careW"y of m;lIry m<eh",,,m

Our ""'" ""-CCllt ",ork "" dise hemi"ion ,,"e,n-e'ed ,he dcl",,,Je,IC}' of ,h. I""..ion of ,he
h.rnl.,ing hulge on the "i, of mOlion (Aultman et .1.. WOl). Fo< ...mrl" in W ",,,,iOlt ,;eg­
"len". ",e A=,I ,h"m r<"P""edly .l~...t.n .xi, ,I." ,,'.. JO" ",'at<~1 [mm ,he pu,elle.ion ali,
(lI"",I)' A..;"" ",i,h SOI"e l.,e",1 bend). One ,pa''''.'' ,il"l~y foiled .brul~Jl' ."d ,,'os ,..,,,,,d.

Flgu.... 4.17 5«i,1 ,odioll"phs ,howin~ the in;,i,1 eon",inmenl oi the
.,dlOCont,... in ,I-.< noc""" .00, w, ... '''P''Ol"d /ull-flexk>n mot;"" (""I>
,!>out 1400 N oi <""'I"""k>nl. tl-.< pmg'''''''''' p""Cfio< tr,ding of the
'Ol1"", ..nlil f,.onk herni.,;.",.___ ..-.._..-c ,.", " u-.,. """\._... "'"_. '"""" "". ""'_""""''''''- '" __ ,_ "" w""
....... '..".100',_ ............_'....... ".....
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fiB"" 4.13 Rep<:"ed tlex"'" e,n " ....Ittn
, f,,1lk hemi""", Of 0 bull!". ,"",,'n here
in 0 'l"-"'imen with the I,mi"" ,,,,,,,,,,«I
'0 expose II-.< po>te~ior di"" which con
i"",,"8""" """"" eo...;ng.y~. NOle
,h.lt ,he noclcus wo, in;e.;ted "",h , dye '",h." rhe oolge i, more ..i.ibl.: \0"",,"'1
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Mechanisms of Annulus Failure (Herniation)

Dam.'ge to the ,m""l", of the di,;,; Ir.e<niation) ,'rrears to he aW:X;i"ted with fully fIe,ing the spine
lor a r"f'''''t<'d 0< ~<'d period of time. In iaa, hefniation of the di'" """'" alfTlO§l illlf'O',ibl"
,,·,tl>oo1 lull Ae,i"". This f,;,; irnpikalio-n. lor C'l'fCI!<O P'<Y"p"on IlJl"1iwlarly l()f fIe,ion SIf<1ch.
ing and ;it·ups or for activities such a; rrolonged sitting. all of which a~ chlr,)(!efi,ed by a fIe'ed
spine, Some ""i"ar>ce ex"",i", m.:Khi"", thdt tak" th" spine to full fl"Xlon "'P""t<'dly mW be re­
umsld<orW for those intefl.'S1l'd in 'P"dng the pos!l'fio< .nnul", portions of 1helr di"•. funho.'fllU"e.
the meo;hJni;m by "hich the prOCelS eln be inte<l\JllIed apl'e..rs to be posturJI del'e""de<l~ I"ovid·
iog """" more insight. into the meo;hdnism of the McKenli" appro.1<;h.

-tt.=n
!

Flgu'" 4.19 TIlting the n..ion ,.i, 30> ....."!' from pulC
Hc."," e.us-ed the nL>C:le\JS to ".d in a dir<,<;hon ,w,,!,
imm 'hoe .. i, lAoI'm.n l" .1 .. lOO.'>i_ nu, mol"'" de,..,....
clence h,. pow"',,1 poI,,,,,»1 fn< ,he desisn of l'X"",i",

In ,II< ""n"ninK 19, ,II< II<mi,non tr~d " ..., ,~ ...y
from ,h" ..i. of rol.,i"" (Stt figure 4.19).

We n.,·e .1.., heen .hI" 'n ,dd mnre in'ight
into ,II< .\kKenz;e ,1I<..py '1'1""''''h, wh..·h i,
!:to",,1 on ""ended po<tu...,.. The thoory i' 'hot
,n "".n,k<l ro""re dri,.... the n""leu, fuN.."1
~'i,hin 'he di",. We h,..., found ,h.. 'he hemi,_
'ion~'"begin, froon i'il"'" in 'h" ;noet1llO>l
.nn"I", rings .nd rmgT"""" ""Ii.lly oUlOo..."I,
The Ioyer< 0/ ,he 'nnul", del...un..e mll fill ~1t1i

nud.';, '''oten.l. We tIO~' h.-'. proof 'hot 'he
"'tended polt"re e,n ,In,'. ,h. nudeu' m".,i.l
,n., ;" in ,he dd'minated rocket> of the !,,",eno,
n"d....' ~~ to~..'d 'he ..",,,,I PO" of'he disc
(Sc,nndl ,nd ,\lcGili. !OO,)_

A!>o wor,h n<lting her. i. 'he intriguing
h;VO'h""'ofllol:(duk ond Two"'.,.', "ho h"'esug­
g<:sloo the JlOS'il:>ili'~'of,n ,nn"),, -'I....i,," simi·
lor I" a 'pHin of 'ho ",kIe ligam"nr< (Jloll'lu~ ,00
T,,'''''''-)', 1991). 111<>' hwothesi=! that the OUter
I'ren; of the ,nnul"; e'""",,nee e><:e:%i"e ""in in ,...,.., with known pos'erio".I"",.1 ~iK 0018"'_
"ndert<mion_ r.i,-en th>t these ,"'h,,,,, h,,,,, r,o..,n,..1o"';<lenco f<or lh. I""""nee of""'w fille,",
ponirul,rlj' in du' region, 'he ann"lu' '1'1"-"'''' ,,, be , good ,-.n,lid". iU.- , SOYn__e "I pain.

Muscles
Trod i'iortoJ an"oo",,,,1 <bcril"ion.ofti'e opine mu<ru I""", h' H__ t>,en, flO'1erior ,..,,"!!"" I"'""'.
'I"hi, h" hindered in";g'l\ in,o ,he role of lh..., ",,,,,,,I,,, ,.; ....e m,nr of the functio""ily ,ek..·.n'
''1''-''-1< Ole b.,,,,, ,;ewro In ,h. "gitt,1 pbne, (F(Jr , ni.. 'P"1"i< of the ..gittol 1'1",. line. of

tlN'U.'
RHf.VANct Clinical Relevance: location of Disc Bulge and Designing hercise

A iX'!le<i",.later~1 ~i"" ool~ is lJ5O,llly cau-;ed II}' l'£.'f'f',11ed ~"xion of the diS(; ahovt.~ axi, cut·
ting~ the di'" ~ndicul", to the hemiilliog t'.ck. Thi. is ~ul kflOWlrog., for ""erei'"
intl'IVCntiun. since flll1l'll'f mol"'" ~hovt thiS a,is would CJ<aet'fbate the hc'fniation. \\Ic a... cum'ntly
irrve;ligating whelller exteOOing aOOuI the same a,i, will ,,,,It..:;,, the tracking. FllI1l1er, this ~rlOWledge
gi''''' doc'S for lJeIter preventi"", look 10<. dominant mol",n paltern in. p.nienl"> ""ily routine
cun";Stcnt with 1he bulge locall"" and climonille i~ If t~'e touSJti •.., molion p.lllt'l'11 is an e1~tof
an athletic event in which the p.1tiem oornr";cs, nl'lj<.>r d,x:isK>ns will r>e<o'd to I"" ""\de. Mon', tl1OIi""
will ooir """'... the inevit.b1e-----<:"n the IeChnique be changed to "ltminal" the c.u"'ti~ moli",,!
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....__ Chk., _"""'_ ......... "" L .............. ...,', __

,__of II>. ~__«"'""- _ " "L' ,",~I "'M" ~ " """'.......
,,,,,,,r-j '"' -..... ,.,., ..""'.- '" '''''', .1" ......"__ ,,,,,,..._.

Figur.4.2U T,,,,,,V<'fSe """'" 01 one sOOjecI \RJPine) at the """-ok
01 T9, ll, l4• .,..j 51, """",,ug the mu""ul~,ure in eros, >Ce,ion.
No.. ,ho, many ""''''''''' ""'" a' mofe >Up<.'fior I",-d. pa" tendons
CNer the !eM'", """1< traosmi'''ng f"",e, Thi. illu>I''''cs ,he em:>< in
• imply ",ing a .ingle <un to ~."ima'e muscle f()fce and moment
poI"",,,,1
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"~lOn, <re BogJul<. 1?8O; ,\I.,:m'o<h ,nJ IlogJnk, 19l17,) Funhenn""" I1UIl)' h,n <!c'.-eloped
,hctr w'dcrit,"ding of"'u",1e fu .......i"" bl' ,iml")' int<-rprt:1il1S ,hu line' of :lCtion ,nd !X"j!ioIl of
,tt.chmon,.•",uming th" ,he m",.;I", ",' .. 't,..ighl·]i"" cobl... Thi, m'r he mi,k.ding.

Und,,"'mding ,he /Une,i"n md pu'1_"'" of eoeh mn>cle r"qu,~ t\'" p'-"ThJ'<'C,i,'o,. Fi""
kno.dedge of ""ic ","",I. 1I1O'1,hokogj' i, e<s<:n,i,I, ,hough" n"l' ,-'h,ng' 0""1" ...nS" "f
,,,,,,,ion. s.con.l. kr.o,,'ToJge of ,eti,.,lion·time histories of ,h. m""""I""r. mUit b. ,*,uin.d
(n'or • u"k ,'onct)' of ,,,,,,,,men' .mllo,ding ,,"',. ,\I"liCks en,,'" ~""'" bu' th,-"", tl""", p1o>'
",I", in mOn",n, l>roduct~H' Ii". hlO,,",""'" ."d ;n ,,,bih,ing ;oin", ror ..fety 'nd I",rro"",ne,,.
F"nh... onde"..nding of ,he 'no,or "lit'''" '>",'om S1,..'<'gie> choo<n '0 s"PPO" e""m.llo,d,
,n 01 m, ill";" suhi Ii 'Y ""lui r", ,ho in,.',-p",,,,i(lIt of .n."",,>', mech,nie>, .nd ,ct".,'~m rror. Ie<.
Thi. "'-'(1~m will en~m,,, "'e di<eu'>ion of .n"OI"i... llj' b,<c:J i""", of the spine m"'.:ul1,u,,,
,nd ,,'ill blend ,he r",,,II,of ,..rioos dectromp)g"or/>ic(E,,\ \G) m,dies '0 hell' in,e'P"" function
mol ,he functioml "''I'"'''' of motor con'rol.

Muscle Size
T1Ie I"'l'<iologic <:ro»-seoiol,.1 ,rt" (l'CSA)ofmu,d. de..""i"",,~e furce-I...oouci ng [lOl."';' I,
u'hile ,he lin. of oc,ionn ,nd nWMnen' ,nn dc'ennine ,ho cIT"", of the force in momell, prod,,,,·
,ion, ",bili..'~m, ,n(1 «, ~",h, It i. ClTO""m' '0 e"in,,'o mu""l" tl>r<:" 1..",,1 ()n muscle ,'<~ume

~'Ilhou, ,,,,,,,,"ing fUr fib... "t~i,«~ureor bj' ...i"g ""'SI'."" "".", '0 ,n"""e "'>lOIn;",1
c""","se<:lion.] .n:>s (,\lcGill, 1'.", ,nd Non",n, I'IS~), U,in~ "eos clirectly oIuined from
"Mnl""ed !\MmW'I'"Y (Cl) or m'gr>'-"tie .......)11""-,, im.ging (,\IRJ) slice< ~"k<1 '0 emmc·
011' ~,rt:" e"im>l'" .nJ i",e'1"e,"uo'" of 'I"ne fu,,,,,ion. I" <nth t ..... si",,,, 1.1];0 number
of n",,,,le fill.rs "e nO( seen in , .ingl. U.,n",·."", "",n of, I"'n""tcJ m"",le, n",scI. forres
"e un,lcre,tim"od. TIm" "e" (~".in.~1 hUll ,\1 RI 0< CT "",n, m,," he ">1'1''-'(1«1 rm fiha
.rcl"tccrure and "-,,,, pl",e ",-,Iiqulty ("1cGill, s"n"!l'"ida, .nd S,,-~',,n<, 199J),

In figu", ·4,20, ""n,,'e.-sc "",ns of one
""I~OCI ,hmo' ,he chonging ""'1'" of ,he
'orSO lIlu.d", o,-er ,he <h<"'OC<~U1"b",

.-..gion, high] igh,i nil' ,h. need to rombine

....n"-.rse scm <h.. ui,h <h" ,Iocum"n,·
ing fiber ",,,hne"'ure obu..,o<l from
dis""",ion. In ,hi, '"'''''pi", ,lie ""',...,ic
extenso... (k>ngi",im". thorocis m<l ilio·
<-.Ii, lumoorum) "-"n" T9 I'"""de
.n "",.nsor ""~n.,,, " 1.4, .wo 'hough
,hoy "e n,,1 "",n in ,he lA "",n. Only
their ttndon, o,-e.-lie ,he 1.4 o>te"""," A
",gin ,11,1."" sm.n', ,;" ""-,,,'S ,h< .1"f'<)N

in "....",ring mLl,d., """"-sectional, ....
from. ,ingle '",n"'a", .Iice-whieh
~"eau<c:d .... "e to und<""""",< ,I>c:
IIOICnli.1 of,h. m"",1e.

Row mn""" I'CSA> .nd rr<JI1Iffi' """
(McGill, s.o"guitb. ,nd $,,,,,,,,,, 199.1)
'''' 1..-.:wi<1ed in 'PI"'ndi. A. I. ,\,.".. .......
,,-'<."ted h-, ~>bq li "'''01~'" :ore ,h()wn
m ubk 4.1 ~". ,1<: ,dc<:'w m""''''' ..
"',.......IIe....1s of the ,I.mIo:>I,,,nl,,, 'Pine.
Gui,lelino. for ""im"ing 'mo ph>''; .
ologt<•.ll .......1\: 1"",-i<Ied in ,\kGill ",d
(ulbgucs (I 988), 0.hcr roceo, SOIJ n:es of
",u' n"""ic goome'ry oht> inc<l from"1RJ
lor both m>!d .00 fmWes "e bund In

,\lor"...oJ o:~bgues (200 I).
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Table 4.1 Corrected Muscle Cross-Sectional Areas
1\ k!W e""'I)b of rom>c"". e..-.....-hon.1 ><e........l<!<""Ipa>Ic.;a, n"""",,' '''''', .00 1.,,,,.1 n"""",,'
'''''' I""l><"ndicul>< lOthe mu<c'" (ib« li...,of ><1"" """8 ri>c e",in",lfsled in MeG,11, P..~ >I'd Naoma...
! \988). """"" • ., ri>c v.l"", lh.. ,hould be ""'" in biool<.:h.nie>1 fIlO<I<.>k I'm",. 'h.n ri>c WKorr",,!<.'d
val"", <#,i_1 di_ll)" f""" ""an .."""'.

C....~tian.>1 .... """""nt .,m< Mam<nt ."".
M_~' (mm" (."Vpaot) (""", (I.te.all (mm)

Longi.. i",'" f'<lrs
lu",bow", LJ-l4 ~, " "Qu.>dt.t"" I"",l><;.um Ll-t2 '" " "C·O '" " "LJ·l4 ;'" " "

L4-l5 J2S '" "
Ext...... lobliq"" LJ·l4 II 2 t " n,
Intm-..I obIi'l'-'" U·l4 1154 '" ..

·n.. ........ "' ....."'"-,..,•.........-" ... L._" ..... """"" ......................... _"' ..... ,"""" ...__ ..
- """" "'" '" _"" ' ."... .01, """ """-

,\Inm"nt ,rm, of ,he .l><lnl1lin.1 m""""bt"", .r. gen...I~· "",.ined fr",n C1'-,... .\JRI·b.",,1
_di"". (',""<..U)'. ,"I>j.-,,-~, ~e ."pine or prune ,,-i,h_m the AIRI ,... IT...·.nnt..-.•nd ,he clt<':mc""
from ,heir 'rOne: 10 the ,,'u>el. ern,roid i, ''''''''' ....... Lying on thei, bKb in ,hi, p<t><ute "'uleS
,he ,1~\omin.1 con,en" to ooll,psc l""lerio<l)' "nd"" g.. ';ty (McGill. Juke<.•nd A.I.r. J';<I6).
In ""Iltfc ",d d"rin~ "",dmg. the .W"mlml m"""].,, :uc \>U<hed .w.)' hun ,he .pine I»'
,he ";<ecnl <'-'Ill"n«. R<.«"tI)·. ,,,,,,.,d b" ,ho,,-... tb" CT Of ,\111.1 ""cl,,,, of ,h" .bdoo...in.1
"'u,.;ie mom.n, .m" obo:'Lned from suhjcct< in the supin" po>t"re "n,)e""";",01"d ,h. tn'e
,.. I"", llj-' 30%.

In,,,,,,,,,.!)·. "nda"."ding ,he tOrre o"d "'e<h."i".) 1""-.,,,i,1 of mu>eb "''1"i,,,, .n
.~.60n for the cnn'mg line of oction. ",hieh is be« nbt.ine<! in the ",.,omy I.b. H",.
"nfi>rtunatd)'. ,h"", <pocim"n•• re ",,,.11)' "",ph,,,,1, diminating .hem ". ">UfCC fOT m,,<cIe
,;z. <s,i",,,••. ,\1"",1. ,te", obtc.in.d fron, ''''''>u' ",dk,1 i""ging 'c"hni'lu'" lIC"d 10 be "-"'­
""".d to :OO:;OOn, fOt' fiber .rchitecture .nd ron, .... i!e oomponcnt' ,hat do no, .ppe.. in ,he
I"nicular ''''10 le,,-.I (fm cnmple. onl), ,he '"n,k", 1""'" ,he b'd)_ FunhCT, ",on",," or"" fOf
m",de hn<s of '''''01' f,,~n ..........-.. who .'" I"ng oo..'n ncud ro be .dju"cd fur .\~,Ii",uon 10
upright po"u"" ""in,.ined;n ",ollif•.

Muscle Groups
Th;, >e<:lio« dCOCTibcs specifIC "'uscle groups from. fu!l(tion.1 perspcai,·••nd in'rodu"'"
some iosue, fund.men,,1 for umlc"undmg mj"ry ",'Oi,lance .nd the choice of .ppmp,-i""
",h.lidiution .wro.cb.

Ro/.lfores ilnd /n/er/r"nsvefSdrii

,\1>n>, o""o,ni,..1 'e>tbuol::< ok",ribe th" function of tI,. ""oU ""010' mu<ci<s of the 'rOlIC.
u-hieh .ttoeh '0 .di.cent ,·.".h.... os cre>t;ng "i.1 ,"'i"in£, tor'l"e. Thi, isron,i,t"nt with
,h.ir ml",end"ure (ro"'",,,,). Simil"ly. ,he inw-'..n"-",,..ii ore "ften ,,"!!"'«) the ",Ie
of 1"....1 ~<xion, Th... proJ'<»llls n,,.. ,.,-....1probl"ms. First. th.", ,,,,.11 "'"s.:k... (.cc
fig"", -U I) h,,'" such ,,,,.11 I'(;SA, that ,nc)' ",n gen",.,,, 0"1)' • feu n.u lOn, of fo=.
•nd "",ond. 'hey wmk 'hrough ,u"h. ,m,lI mom en' ..'" ,h" ,h.ir '0..1""n,,,hu,i,,n '0
'o..,ion.1 .... I ,wi"i,,!!, .nd bendm!!, to,-'1""" ",ini",,1, For ,h"", "'''on'. I belt.,-. ,hO)'
.,,,'.-e onother fun",ion.
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OLJlldr.tLlll----

~..
cO$Wum I>r....i

Inle'tra...._ ~"':.---­
lateral..

FiIlu"" 4.21 Short muscles of lhe <pi"", 1""~IOf «",.rum iorIgl. Icv~t'" <",'.rum "'''''i. in'","_
lr="",,,,, me<!,.h•• I"''''',.''''''...." 1.,..... 11., 'OW""", ~r.d 1"'....""0'11i•. The)i h.1\:" """" rles<.I!>e<l
....t~~ ~. <'NII,,!! .. ,.1 ""1,,lrtg 'OfqLIC.

---"'''''''-'''''-

n", mum,,,, "I<! ;me nn1n,,'tlS;lri i ,,,".des on: highly riet! in '"",,'k "Pi"d Ics, 'I~>ro.;",.,dy
+5 10 i.J rim"" rich.. dun ,h" "'ul,l!idu,(\;i", ,n,l P<",l<, 1'186). T1>i"',,<1<""" .....gg=s ,h,l 'hey
m,l' fun,:ti"o .. length ''''0"1""",,, or ,utcb.-.ll""'bon .",m'>f>" c"cry "",,,,cie md lomh.r
;O;n,. 1" 'O",e b\lG CllI""lmen" we perror",cd 0 numbe' of }'eo'" "l('~ "'. p1 ...-cJ Inw.'eliing
d«trodcs "ery dose tn ,he """.I>",e. In one ca.« "'. h.>J , '''''''g ,",picioo ,hOI ,he e1ec,,,,,l.
"., in' ",,,,,,,. muscl., The ,ubjc"" ...empted ,,, r<rf"'m i,,""etne 'w;'tmg df".., ,,,,h the
'!,ine oo".-."e<l (or ron'tnined in • ",:u""II"">lurc) '" both dirttl,"''' l".. JMutcd 00 EMG
>etl,l,l' from ,h" ro'otn.---only tl>< "IU,J ..,II;'}' In the ,bJ",,,;I>.1 ohJiques .od SOOl>. I,r"",,,,..,,,.
",hen the ,ul~ect 'rie,l '0 'wi" io one direc'~", ("i,h mioi",.1 mu,",ul.. e/fort). 'here "'" no
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fUrlCtion,! An.J~ of the lurrbM~

Manual Therapy and the function of the Rotatorei and lnlcrtransversarii

figure 4.22 ...~ Isc-l"ed buodle d iongi"imu, ,oo.-.ei, I"'n
thor..,;, (""'-"""ll nn ,he ribs >t Tbl, with lef>don-o I.ted by ""*"'"
coune CNCf theiulilumba, ",if>< ''l 'he~ "",,.1 Ofigln, n...,.,. h.l\'e
• vcr,- Ia'ge e'h"",,, """",,,,, >tm Ijus' und<:onc.,h ,he ,~inJ,

We now ""'P"'CI tl'ill the roLlloH... and Im"",a""""""i; are adl;,}!!y ~~gth lra~sduc"" a~d thefclJ')'
position sensor~ sen>ing the posi''on,ng of each $pi",,! n'I(l(ion uni" "l'ht--se wl.Ic1u",s are likdy
affected du<ing "ari"", IYllCS of m.lnual thefdpy will. lhe pnl dt ""d 'dnge of nwi"" I. poslure
used I~ chiropradic techniq...., lor example).

'CSfIOIl'<', ""hile in IheOlhe' direction lhe'e "'as m.;o. octi,'i~'.Thi'I"'""",I" rol.IO....,eme<! nol:
'" be O<1il~,ed '0 cr.,",'e ....I",i"ing "'rque I..., rotheT m ''''Ixm", 'n ",,,.,,,1 !"",,"nn ehmge.
Thu'. i,. O<1;d,y II'" elici'ed ... fmlC,ion of ,"-,,,,,,1 posi,ion-"-I,,,-h " ... not '''''''"e", "'i,h
,h< role of """.ting torqu., to I"i<t the 'rine, Thi, i, stronger ",·id.,,,,,,, ,h.. ,h"", n..,,,,1es ore
no' rota",..." oU bu' function "jx"i,ion '"n><l"""" in the .pine I,mprineep"'", 'p'e",

Extensors: Longissimus, l1iocosfa/is, and Multifidu5 Groups
The m.JOI' exte"...," of ,he ,ho",e"lum!>ar >pi"" ore ,h. l"nIP";mu>. ilio,-,,'tali•.•nJ ,nulriE·
do' grou.... ,\Ithough ,h" Ioogi,.i,,'"' 000 Hiooos,.li, !l"-'UJ" 0,.., oft.n "",.rated in ''''''''ny
1:>0:>04 i, m.y he mo", enlightening in. /i",ction.1 con'e" 10 'ecogni", the ,I>or;ocic porlion,
of lxxh of ,hese nru ...k-; II> one group .n(1 tlw lumhoc Ix>rtion' •• ",,,,he, l(WUp, The lumb-."
ond ,honeic porti",',.re .",hl'=u"ll)' (Ilogduk, 1980) .nd runnion.ll)' oliff<",,,, ~\ k{;;11 .nd
N'l""on, 19'87). Il'lgdul (19'00) p""iti'l'" the lumh" on,lthc>racic porti<>n, of lhese mu",le,
m'u longi"imu, ,horae;, p"'" lumborwn ."d 1'''-' ,ho<:.ci" ",,I ihoe".tal;' luml."om I""
luml.""m .nd 1'''''' thor-.ci"

Tn... 'W'l E,nclion,1 gro« ([1>" I"mborum, ,,'hieh 'I\""~ lQ lumb" I'e"ebrae, .nd p""
,hone;', which ....eh to th" ric ,-cr'e!>",e) fi,m, 'Iulle 0 ",..""I,.... ,,-ehl'octure fi..- 1<."",,1
",.SOn••Tld.re di",-u<>-cd in. functl,,,-,.I e'ol\l<" with ,hi, olist;netion (i.e., p'" lu",boru", I~,

f"" ,horaci,). Fibe, 'll'ing ""di., 00<. JifTere""", h",,,''''''' ,he lumb.a, .nJ ,hoo-ocie """io""
The 'hc>,,,,,ic """Ion, COJl ..in .pproun",ely 7,% ,1ow_Ni'eh Ebe", wh,le lurnoor section, ore
gene...I!;' <wnll' mixed (Si,,-...nd K<",ew. 19!15), The I"'" 'OOr:aei, ,,,,,,ponen,, <>f """" ,,,"U
mn«l.. ",,,,h ''l ,he ribs .nd I,,"el:>ral oon'pone"" .nd h,,'e ",I"i,'d;' ,hon rom,oct.ile fibe"
"i,h I'lng '.n,loIlS ,hot run [I>"lId ", the ",inc ''l ,heir origin, on ,he I""'eri<>, ,urnee of the
""rum .nd n'<w.II....OC'- of ,1.< i~",-' CITm (<<e figure -I.H). Furthertnorc, ,n"lT line 'lf "'-'lion
o'.-c, ,h< iO"'er ,honcic ,nd lumb,,- ",gion i. ju" undc,n<>th the f...........,1. ,h.. f"""", in these
mu",les h"" the If''''test possible """"en' onn .",1 ,he",fme produce ,he gt'..'est ,mount
uf CJ<Ien<or ,non,"n' ",th 0 mm;mum of
roo upress; I'" I",n.h)' tQ ,he ""ne (I<:<: figill"<
-1,13), II'hen .',en on. tn",,,,o,,,,, MRI {>r

cr I<.~n .. , lumh.. b'd, pu' thou".
,."dol" h.". the gre""" ..t"'>so<"tll<>r'''''''
"m, ",'erlying ,he lumh" hull-<:>f'en
over 10 em (-I in.) (McGill, Pm. ,nd
N'ln"on. lng, ,\ld;ill, s."taglli<!., "Id
St..'ens, 19'1)) (..., figl'''' -I_H),

The luml"r ",,,nl",,,e,," of the'" mu,_
eb (i;;,..-:"...I;, Iwtlborum i>'rs lumborum
.n,llongi"im", thc.r:o:i, par' lumhc>n,m)
,re 11"y difTerem ,no"'m;.. lIl' .",1 func_
,io",II}, from ,h~" thu,..ci~ n.",,,,,k,,,.
TIl<y ronooc, tQ the m,mill.ry. toc<:S<Ory.

""I '"n,,'e,se pmee,se, of tho lumh,,­
.-"nel""••"d Origill"". "u,.'" .g';n, ,,",'et
,1.< f'<"'e'~" ",crum .ud ",«eIi,1 __pcct <>f
,he iii.. cro", Each I'enel,... I, wnnoc,,,,1
bib'erolly lI'i,h sep,"'e b",ln.e of ,he'S<
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nil"'" 4.24 (;I, b) Th" n>o<",,,,1 .on>! of II\<· 1'<'" ,,,,,,00.-,,,,,
poll""" uI il;ocOSlali, .rod ""'gi''''''",. (e) TI...1.,1l" mor",-,,"
0'''' oIlhe "''' lhor""" il;oco<tali; and longi"im'" m",d..~
gOl th,'m 'ht'i' .bility to cr,"'," maj'" '''mbo, ex"',,""
"""' 0", Ii,.... of .><.1;"'-' 01 Id) Ih. 1"''' I""","""", 1""1",",
of longi<>i"..... If.') 11", I"" I"mbonon' poot",", of ilioco<t.li,.
orld lfllhe po" thorae" poItion <J ""'g"';",,,, "rod il"-'oo<l.li,
join aI th"ir COO1""'" r""'~ 01 "'igin "the'anal >pi"". Ig) TI...
""",honic.1 I"lcrum '" the oxi, .Ibout which """",,-~ ,-",,,,,
mom",," i, indicated iJy the di,mond ""P'"

--~

,

--

--

ng,," 4,13 /hi, WOtI,I·d." p"".... lif,'" ""....'1" if.., d'"
h\'P'-,I",phi,'<I bulk of the ilioco>loh' d,~IIoo-'gi"i"',,'

'''''''''''' I<'<'n in 1I.i,>«I lif_, 11>" "",,,,Ie ""'k i' in d",
thor.I'ic '<>gioo, ""'t tht' l<>n<Jo<" 'Poln I......"ti,,, 1"",1""
!pIll<'.

muscl"" ("'" figure 4.25), Thei, line ohen..n i, nQll"'r,UcI to til<, <:<""p",..,i"e >xi, Qf thupine
but ",thcr lu, • l"-""'ri.....nd "",,<1.1 dt "-'-1ion th.. ,,,,,s.,, th<m to [(""'-'r.t<: ,,""'eno.- 4 ....,- fon::-t....
togetll<,. ~'ith ""..nsor "",",,,,m On tI>c ",,["'rior "enebroe (Sct l1!!IJre 4.26), '1'1,,,,,,, f'O'lerior she.,
fQ""" "'tppon any .nterior re"",~m ,h",r f,,,= of th" up["" ,"I.',I"Il e Ih., ..~ p'od"",.!"
Ihe "I~",r 1....Jy i' fl"'ed k>,,.-;mJ in. t;l'ic:ollifting l""ttL...,. It i' imp", ", ,,, d.rify Ih" thi.
Il<,;o" of 'he lorso i' """Ulnpli,heJ Ih"",gl1 hip "'I"ion. tlOl. l,,"'lJo' fl<:Xio.-t. Th"'" m,,"'1es
k"" lhei' ohli'I"" Ii"""f OCIion .nd rooncnl '0 Ihe cornp",,,i,,,, "i, of ,he ,pi"" ~'ith I"",h.,
flcxi<", (.\It-Gill. Ilu~h.."" .nd P"b, 20(0) "" th... fln.d spine i, "n.I~. to ...,<i>t d.m.",n~
s.heor for..'eS (_ fi!!IJr< 4.17. A-J), Thi' I",",ibl. injury ",..,h."i,,,,. togethor ~'ith ilCuv>,io"
profiles during dinic:olly reb'onl .<:ti';I;"';, is ..~I'=e<1 in • I"er seWon.

The m"ltifid", ",,,,,,,k" I",mmn ~"it•• diffu",nt function fmm th"•• of <he k>n!(l'<i"'m
."d ili",,,,..I,,, gtWl»'l"rtkul..ly ill tho Iwnb...r ",gioo ...here th'-"}' ot".ch l101",rior ,pille< "f
.cljocen, ,,,",,h,,,. or 'I"'n I"" or ,h'ee >ego"en" (se<: fi8',re 4.]~). Their lin. of oaion .....1,
In I", 1"'...1101 t" the <:<lml",....i". ui, "r in "''''''' CO""" "'W; .nt<r~"Jyand <",,<1.1 in on "hli~"e

Jim'''''n. The ",.joor m<:<:h.ni<"lIy ",I<-."," f..."", of th< ,""llifiJii. howt,,,er. i, II", sin« thC'}'
>pJn "nil' • f<~' join". ,h<ir to",...ffeo onij' k"",1 ore" of ,he 'Pine, ·Therefo.... ,he ",,,hifidu'
mu",b ore inmk,'tl in l'n~i"cing exten,,,r to"I"" (together ,,;,h '''''y "",11 .moun", of "';,._
mg .nd <ide-bending ror~"c) Lut "nil' l'rt>\;de the .bility tOr ,'urn"(,;""" or n~."""t ""I~>OIt.
.. 'f"'Cif", joiots ,h., ""j' he ,he foci of""""",," lo,.restingly. ,he tn"l,ifid", "'o"-~...ppear 10
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FiS".., 4.25 11"",,,.,.li, luml>ofum I"'" lumborum
.00 k>rogissimu, thor;><;' 1"'" lumborum ",igin.lte
0VCf ,he po>l"' .... ,udace of tt.<: "",,,,m. rollow 0

"""I ,u!",,1kiol fI<lthwoy, orod lhen tli"" obIiqu<JIy
to 11><", ","""",.1 ."achme<m, Thi. ""liq"" ",1001.­
Ii"" owtes jX>St",io)r s/>e.I, IS) rotc,,",.OO ~"""""

.".""""" 00 ~ach """"",i,,, ""I><~"" _,ob<•. ""'"
(on'pte..."'" oxi, 10 i, iOOicok>d,

fisu,. 4.1~ ""'" oblique .ng;" ul' !he lumh., pol'
,""" oIlongi'l.im",.nd iliocost.l" i, ."',n in VM>
in ,hi, MRI pi<tur~. """,i, Ii"" 01 (OK'" IF) i, sh<YI->n
,ei"fve to ,he <ompR"';'''' ",i. 10.

fisu,. 4.17 The obliq"" .ngle 01 the lumh.l, p""""" of tt.<: il""'"""Ii. lumborum .nd Iongi"imus tI""ac;,
~, tM 'J'i"" 0il"inSl I.F!!" .nte~for """, (oK"", ~"', ,hi, ab;lity i•• (un<lion 01 spi"" <U!va'u(~. (aJ
A ""Ill'. I 'pi,,,, .nd (bi ,t.<: obIiq"" .ngle 01 th<."" muscle" ., vicw<.od wi,h .n ul"."",nd 1m"'!!..... Ie! The loss
01 this .ngle with spi"" fle,;on (d) so tho, ant""o, shea.- /on:es ca""'" be cO<Jnte~acted,Thi. <'mU"-" ,M.,
".bili'y ond i. 'noIb<~ "'."'" to coo,ider- ><!opting. """".1 >pi"" during n",ed weight.hoIding .......
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A Note on Ldliss;mus Dorsi

h"" quite low mu«:I. ,pm<1le <lemi~'---<:c-rt.ml;'

less ,h,,, the ili...,."...I" or "'''!(i"i",,,, "'u""le'
(Amon'lO-"uofi. I~J). Thi, mOl' be d"e '0 t.hei,
more me,I,,1 loc.. tion .nd ,ul><equent .""lIer
lenl!'h excu"ior" (sec ..Lie ~.z fur "'usc·le len8'h
changes, "itleb "'ere ."esse<! u,ing, n"ml:><r of
extreme I""tur", <lepi",«) in figure 5.1 on I"ge
74). An inj"I)' mecit,,,i,,,, i",oI,;nll""pi"'-,.-,ri­
Ole ne'1I..1Kti,..,i.on sign.l, to ,I:>< m"luJi,lu' i,
P"'I,,>s<d in cluJ"e, 5. ,,-,;ng on .""'ple of ml"ry
ol>«:rved 10 ,be I,lor"or)'. It i, oJ... u-onh noUnll
he... gi,-en ,be re<:e~, .mph.,i, on ,"ultifidu'.
tb.. Klme people h.... "",,;derel! more 1...,,1
)",,,-,on. of the ..t"~"''' to be lllul~fidu;. Tbi;
no< p'~""m«! some problellls i~ both f",,,,,ion.1
jnte,pM.. i"n ond reh.bilitoti"".

L....'imu' <1<,"'; i. in>uh-«! in lu","", ,,-"enSOr
mo"'en, generoti.on .nd i, of'en ><:ling ... m.jo,
,tobilile]". I"origin " ••mluml"urino,-" 1""'''''''
,;. the Iwnbo<loM h,d••nd lI\sertion on tbe
hume",. gi".. it • '""~' lorge o:<,enso, mon",n,
.m,(... figure ~.19). During pulling on<llifting
mo.ion. the I..i"it"u. " ...·Ii,.. (sc" d ..pt<'T 5).
,,'hieh h., implico,ion, for in role .nd boll' i, i•
m.im,1 for funcrio,..1 moIion ponern,. It i, often

the mUideofd1OK:e for -''''pping" thor....;.· .nd high lum"'" -binll''''" in ""inful"""'" >od i, .Iso
'·e~' in'l1011.n, to enh.lX.. torso "-,,ension in high pe,-(on,,.nce- ,;,u,t~,", (;\\0:<.;,11. 1006).

Figu.. 4.28 Muillfidus i, dCIwlly. set .... of 1,110,,,,,,,
tho" c.n Sf"'n on< to ,hrL'e ,""..... 1 segrr",n". Thc~ lines
of actio<1 do noI ourPOO .nt",,,,, >hea, of Ille "'P'-,iot
,,,,,,....ae but ",,'wily cootril>ut. '0 it. E<.1mining ,heir
croos-secliooal arN fev<-al, that ,he multifidus ;,. ,el.·
tivel~ ,mall lumba, eXlemo(.

.".~"'"' ....-
hercise for the Edensor Muscles of the low Back

~es&lrch h.:ls- shown ,hal tile tlJO<acic ""I"""'" (Iongis"""", Iho<Mis- 1"'" lho<ads.nd
iliowsrJIiS lumborurn p.:u-s Iho<Jds) fhitt anach inlhe tho<adc region are aCluall~ the mo:sl

eificierrtlumb." exlenS(l(1 since they h.-,,'e the i",gelt ~rrt.lfmsa, lheyc~ o,er
lhe 1""""'-, region. ror this ",.son, i, i. lime to ..... isil the clinkal praclice of "isolaling
musc", glQlJl": ;n ,h" caS<) the lurrO.lr ex,ensors for ,he lurnI:><\r >pine. S!lI-'{ifically, wh.:lt
.Ire ,eferred !O as lhe luml."" """-'fl5OI'S Iloca~ in the lurrO.lr regionl cont'ibute only"
lX"lion '"The Tool lumbar e"enSOl' moml'fll. T,aining ""he lumba, exlenS(l( mech.:lni>nt
mull ;n"Ol"" The ex1enlOrS Thal attach!O ,he ,horacic ",-""-'br,,,-", "hole bulk ofcont'JClile
iihefs lies in the thotacic (e'!lion IlUI whosr, 1eoOOo' PJI' ewer fr.e luml~1r t<:gion and h.:l.....
lhe greJle>l mechanicJI Jd'vJntage of ailiumila, ml>SCles. Thus. e,,-,,ciSl'll<> isolate the
lumila' ml>SCle"S C.nOOf be jusrificd from .In .na,omical iIa..s or from d moIor C()fl(rol
;..-...,peOi"" in "h;ch all "r1<l)""S in fhe ord'esrr." muSf be cI>Jlle-nged du'ing I,aining

Af)(I!hef irnportdfll c1i"icJi issue invol_ lhe a""lOmical ieJTU/l"; of Ihe e'lensors.
While ,he lu"""" sec,ions of ,be Iongissimuo; and iliocoslJlis ml>SCk"S lhat Jnach 10 the
lumba' ..-ertehrae veate e>;tensor Torque, ,he')' also iJrOduce large poslerior she.' forc~
10 Suppot1 The shea'ing loads th'lI devl'!lol' du"ng TotW flexion poslU/l";. Some thl'rJp<srs
uok""",; ngly d;sa ble The"" shear lorce prOlOOors IJy having PJ1"'OtS fully flex ,heir SP''''''
during exercises. CreJt;ng myoele<tfiC qui~e(Ke inlr.es-e ml>SCles. or by recommend·
ing The relv;e lilt during lIex;og 'CliviTies SU(h as- liiting. DiSClJ5sion of ,his fllfl(1ion.1
Jnatomy Is (nlkdl for devcloping the srral'-'gies for injury prevention and ",haOjlitall(llt
dc:lc:,ibed la"" in thiS book.
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Table 4.2 Muscle lengths in Centimeters (Induding Tendon length) Obtained From
the Upright Standing Position and From Various htreme Postures

--, ......- ...... -
"' " .,.. " ,.,. _ .. ""'" 10' """"""""w'" "'....
"""" _",. """ -_ "";r .......
_,_ _ >.M,""-GlO,''''', p-'''''' ......, _ ............_~~_ ....__·
-,~",..,.,."

U",ight 15· "1~r.l

."ndl"A 1>0. II.."", '-wIing 10· .",;'1 Combif'lfJd'
R reel'" .bdominl. 3U.1 19l1" 27,4 30.0 I} .7

L reeM .bdommi. 30.1 19,6" 32,j, 30.5 22.'1"

R exlt",.,,1 obliq"" I 16.7 U.4 126' 15.5 13.3

Le"<,,,.,,1 obIiq"" 1 16.7 1M 21.J' 18,0 19.2

R ..te",.,,1 objiq"" 2 15.8 12.9 10,7" 15.6 9,S"

Lex,,,,,,,,1 oblique 2 15.8 12.9 1l.l1' 16.2 18.2

R inlt~",,1 oblique I 11.1 ., .., 12.2 }.fI'

L i"""...1obliq"" 1 ILl ., 14, I' 10.0 12.2

R i"tt~",,1 oblique 2 10.3 •• 7.6" 11.2 ••
L mlt~",,1 oblique 2 >OJ •• 13,2' " 10.7

R pooa' lumhorum (L 11 15.1 200" 14.2 15.4 18.7

L I"""" lurnhorum (L 11 15.1 20.0 16,8 15.7 20.7"

R pooa.lumbo<um (Lli 12.> 16,4' I 1.8 12.9 15.6"

L I""'" lumbo.-um ILlI 12.5 16.4' 13,8 13.0 17.0>

~ 1""'" lumL>o.um (UI " 12,9" ... 10.0 12..\"

Lr- lurnbo.-um (LlI ., 12'1' 10,9 ,. 13.)"

R 1""".lumbu<um (L4) " 9,4' ,.. ,. 9,3"

L I""'" lumbo.-um IL4) " 9,4' .." ,.. 9.5"

~ ili<>co<t.>li.lumbo<um 23.0 Jq7" 18,9 23.5 26.4

L ilioc~.I;, lurnbo<um 23.0 2'017" 255 22.8 31.8"

R loosi",m'" 11>01><" 27.5 l3.7" 25,4 27.6 '"L Ioogi<.oim", 'ho<->ei. 27.> 3J7" 28.8 27.4 04.8"

~ quodr.'V> lumbolum 14.6 111,2' 11.'> 14.4 1~.9

LqU<ld'«1u' lumborum 14.6 18.2 I 7.4 15.1 20.'1"

R 1,I;"ir"'" dor>; (l5) 29.4 32.1 26,8 29.8 29.0

L ..""1m,,, dofs, 1l5) 29,4 32.1 31.5 29.1 H.6

~ mulliiid", 1 " 7.3' ,.,
" 7. \"

L multirrdu< I " 7.3' ,.. ,., 7,5'

R mLJI,iiid,,, 2 " 7.2' ," 5.1 7.131'

L multifoduo 1 ,, 7.2' "
,,

"~ pooa' Ill) 29.2 28,6 28, I 29.0 27.2

Lr-Ill) 29.2 28.6 30.2 29.5 29.6

~ pso.>.II.21 25.8 2>.3 25,1 25.7 24.4

L~IU) H.8 25.3 25,1 25.7 24.4

~ 1"0-" Ill) 22.1 21.8 21.7 22.0 21.2

L~ILJ) 22.1 21.8 22,S 22.2 22.3

WI""'" (L41 18.7 18.6 18.6 181 18.4

LI""'" Il4) 18.7 18.6 18,9 18.8 18.9
~ "..-_...... ,,-"""'.. .~. ',I ... "

;;
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Abdominal Muscles

RectlJs Atxlominis

In ,hi" """ion we "'ill """,i,ler se,'er,1 ,ml'".-...n••"",ct,
of lumba, m<"h.n;'" in ..-h;':b the abdorn;nol ",,,,de<.re
in"ol",·d.

Atxlomirl<lll'ilS(;i"

The .bdo,"i",1 f.sci. wn"in, d,e """", ,W"min;, .nd
c""nCd. I"e... lly to ,lie 'P'-"'<",rosi, of tbe ,h,« I.yers of
,he ,I.hninol " ..II. I.. fune.;'",,1 signifie.""" i. m,de n.,,,,
i"'I""..m by <unn<'nion, o( ,he .poneul'O<FS ,,'i,1l 1le<.O"li,
"'.ior. 'og«beT "'i,b f.,.,i,1 elemen" ,II" c",,", ,he midline
to tran.mit fOITC to the f'sci, fand .I~k)lfunol m",ideo)on ,he
"pp",i,. side of ,he .lxIor,,,,,, (poncrficld ,nd DeR",,", 1998)
(_ ~gu", ~.30, 4-b), S,,<h .n""",ie,1 reo'u'" "nd''1~n .nd
ju"ifr eu",i"" (de!>;I«! bt,,) ,ho, integr.>tc "",,-emen' 1",.
,ern< ,hal 'm'ultOIleou,lj' dlOlleng<: ,h~ ,1><l<Jrnin.llllu",lcs,
the ,pine, .nd ,he .houlder "'u"",I,,"..,,,

Lo'issirro. <lor1Ii

\ Vhi Ie m,nr d ...\io; .n.,,.nr' e>." ronsi ,Ie, ,he •b<hni n,l "".11
to I", ,n nnpmtan' A''Xf)J" nl" ,h~ 'runk, ,he ,,,,,<u' .W",ni",.
'We.'" 10 be ,lie ",.jot trw,k Ae.or---<lnd me ,""'" Il<,i,'~

during ,i,_ul'" .nd cu,I-"I'" Ouker, ,\ leGill, ,n,1 h:,opf, 19911)_
,\I"",!<: a"m"ion .mpli,,,oo '~>UJ",-,I from b<><h in.....mm._"·
I...nd sorf.." d"",rod", ",'er. ",rietr of n,k< •..., ,I><,.'n in
"l:>Ie j,~ (I"'g<' 7~_i<), h i, illle,..,ing '0 con,ide, ",hr ,he
.-ecru,; .I~hnin", i'l"rtin.:)",,1 inl<>.l<-'rti<,,,, ",u,,, ,h.n heing
• ,ingle Ion!! ",,,,,,Ie, (fi,..,n ,h.. ,h<: <ccriolb ,h• ..., • <","nlOn
ne"'e sorpl)· .nd ,h.. , ,ingle long "'"scle "oold h"'e ,he
><h-.n"g< nfbroadenin~ ,be fo,,,,,..length ,~I..~m"bipon,,
gte.ter "'ng< "f1e"lI'l:> t'b.ng<, Perh.p••• ingle nl"",,1e "ould
hulk "I"'" shonelling, coonl"""ing ,he ,'i"", ..., or he stiff
.n,! ,c,i,tan' to \>rn,ling_ /\'0< onlr ,!o:>es ,he """i",,«l rert\l.
.Wornini, lilTn' bulking "l",n .I><><',ning, btU the ",'",i"",
.1", h.,'e • be,,1 effea, "bioh ,II""" hcnding " ".(1:> tendon
to f,dlime t"""" Aerion_t'rt,nsion or .I><\omin.1 ,li"en.~m

or mn,,....ion .. ,he ,,.(<:,,,1 <""'ent< dung< ",I"m<: (,\1. Be!.ngc•• Uni'-CT>Jtj-, of Quebec' .,
,\1",,,,,,.1. p<,...,.,,1 rom",,,n;",,;"n, 1996).

The "he.,I«I" ,,,,,'m .1"" ped"m" .no,b" role-,he l"er.1 ,,,n,mi..i,,n of fmc",
from ,be obliq"e m"",I~, fonmng • <.m,in"o,,' bonp .ro"nd .be .bdomen (Porterfield
,nd DcRo,., 1998), The i,,,~r,,,,,,,,,,I,,wnjo"••nd f.",i, p""'en, ,Ile fibers of recl'" fr"",
heing ,ippe,l .port l"e.,lIr from these h,lOp ,'re,se,_ Thi, "I""" "f ,1:><I"min.l m<",h.n;""
.. <I"eid..ed furthe, in the nn' "'rtK>U, "'bieh di ...",,,,,, ,he ~"t'e> d<:wloped i" ,be "hil'l"e
muscle...

Ano,he' dinicol i.....e i, ,he COIl,n"'e.-.r reg."ling upper.nd 10<>.." ,1.lomio.1 ",osdeo. \\'hile
,he ol~iq"e••re region,lly .cti,..",! (.nd b,,'c fun"io",1 "'I"co,;on he'..-een "pper and lu..-er
regi",,,). .11 <c<.~ion. of ,he ""-,,,, .re .run,ed '''l>''ther .. simil.. 1<'",1, d"ring A~"" ror<J"e
generation. A signif....n' Nnrtio,,,I"'I""'tinn ,10<... n<lt '1'\'"" '0 e.i" \>eN'ee-n "l~>e' .nd 10<>'«
rccru. (Lehm.n .nd ,\leGill.l0(1) In m<»' people, Re""reh ,eporting diffe",,,,,,,, in ,be upper
and 10",<1' ""-'u' O<1i<-.tion sorncti",.. ""ffct, fr<~" the .1>sc1lC<: "r """n.li,_,,,i,,,, of u,~ f..\ IG
sign.1 d"ring p",cewng. Brie!1r, =<:.<ch." b"'e "",d ..'" ,"'pli,,,de. of m)'OClectri( "",i,i,),
(in mill;ml,,) '0 conclude ,b" ,bcre ;. mme, or Ie.., .cti,il)' ,el.,i,.., to o,her "",,""'" of ,he
Ill,,"")e, bu, ,h~ m.gni,"d~,.", .ffc<..,.,d br \<><,.1 <"ndu.:",'ily ch...eterisn.::,. 11"". ''''l'li,U<b
"''''' I", n""noli,,,,d ,n , M,.,d,rdi""d con,..."",ion .nd e,p.re,,,,d .. , percen..ge of (h;, ,«i,'i,y

Lo.mbodo<sal fa""",

fig"re 4,2~ L'li"i",,,, dot,; orig;""'"
hom e""h I"ml>•• 'p;noo, [',oce" 'i.
Ih" lombodoo-..I losei••n<J i_ on the
oon..."'" '0 pc,«",m both lunrb.>r e""",ion
.n<J ,t.hili,.,ion ,01"",,-,.......,..._.........
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~oI .."moI
I~ """""""OIyerol"""",_

ApoMo_.ol_ -."'ab:b'.... rooocIo--~loI L"-01>0_...........-.......

E,__

~ ....­.._----

• T..." ...... I0_

,

E>;t<lrnal _~=:~
abdominal

obIiquo rT<ISC"
Aponeurotic pall
01 .xt.,..... lIIxIom'nal
obIiq.... muse..

,,__ In"" ..... <>bIi_

External OOIique

ri!l"•• 4.JU '"'" abOOmi,,,1 fa",ia COfII'I<'(;!> lhe obli""",,~ 11", .1"lominal woll wilh raj '.Ou'
.,I"lom;"i, and, 10. I."". e",-nt, rbJ p'-'C!()f.Ii. maj()f and hc,f'S 10 ~an,mil hoop "'''"''-1 "oond
,he .t>cIom<.'n.
'b' ......... __ CM. ,.""" >00:1, .... """""~, •. , ........ '-'" ",

"UfW,,,"r[ ~per and Lower Reclus

Allhough ~ h.l.... ~n ~ration in n<;Ufal d'i,~ bet""""n~ and lower !«tiOni oj re<:I~

abdomin;s in a few Middle E"'tefn-Sl'/Ie !Jelly dancers (001 01 a large< rohort), 1""'" abtlil"" arxl
"""""l ate r.re in ~"""Yday I,fe, (We "",de lheic oose""l1k.>ns only dtlring _cry low-level WnlJJC·
lion> in which lhe musdes W('r'e~ in lhe absen<:e 01 suh<tantiaille.i(ln t""l~ or raJscle load.1
In fac!. a dislin<:! upp", arxllow", reetus does flO! ""ist in rros1 people. Once ({)fce is WJYired, lhe
rectus aWlw,; to <leI 3S a Cilt>l" with Jl1ive lension "long 'ts entire l""!llh, Th~, Ira'ning lhe r~'C1lJS

lor """"y everyone can he accoolflliihed wilh a single exercise. Thi\ is OOIlrue lor lhe obliques, as
riley ha............al neural Comp.:Il1ments.-----lateral, medial, upp<'f, and lower,

CU"'CAl
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'" Low B.d< Do>o<d<'f>

Urmo'rMized crtll'd>es G~
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•
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., "' oo, "'

., ., ., oo,
•

Figu..., ~.)1 r.) Stud"" ,h.lt n.-" '''I'O''.,d .1n "I""" .rod i<tw", r<<:".' .........".n~ gctlC'.IJy ~",.I, ..t"d ,,,,,,,,,,,,,,Iil"'"
(MG ,igouk-f(N" c•••• in '''''>tudyoi ""'" p<!rl(N"ming ou'><hes. fbJ _.wl>eo> the oig,,,k .,e <lO<"",h.red
I"""",I~. tl>c 'I'JW""t ddf<~"""edi'"'f~"""'" Whi"" t""'e .'e ,cg""",1 oKli",'ioo I.......,. in the .bdomi",,1 ubl;q......
there i, Ii,,", evi<k.>ce to~... th., • f....-.:1iuoal "uppt~ ..rod lu,'"'''' ,e<:l W."nini, ex;sts in ,.".,.t I"-"",Ie.
""_"_G, ''''"''''''''" 'M """.., ,_, ...............,' .....,__"" """"""·,"""IMG.I..ri<oo............"""'....
.......~_: ",.,.., 01 ""1>....." 11",,_,. U,O,. " , """"""', "'"

(ra,her ,h.n in ,,,;l)i,-oIts) ("'" figu,e ~.3l). R<Se.lrchers m.y .1<0 h.,·, i".,h·me",I}· ",,,,,;,,,,,,d
pr",mi,hli, (a. Oj~io..1","",Ie .t ,h. ba", of the ""'lu,). ",hieh would cloud in,c'p"".60n.

Abdomin;,j W..,J/
The ,h,,,,, I'ye", of lhe ,h<~""in.1 ""II (e"em,1 ohlique. intem.l oblique. ,nd l... n......'"
,hOOmi,,;,) pe,form "",'eral funC1IDns. All <hITe 'IT in"A",d in flc:rion .nJ 'l~"-"u '" h,,,, ,hei<
Ae'''.. poo.,,,ti.l enh..>e«lloe<,"", of ,hei, 'tt>chtne",10 "'e lille> ,",milul\''';' (,.,. figure ~.3l)

(,\lcGili. ll"l~). ",hich ",di"",,, the ohli'I"" muscle for"", ,1o,,'n lhe "",(U, ,h"",h '0 eff,,,,i,-ely
Ill"""'" ,he Ano.- mUllen' mil. The oIAi-que< .re in"~,,,J ;n '0'><> 'w;",illll' (,\\,,,,11. 11"11 •.
1991 h) .lld 1""",1 """d (Md.'ill. 199!) ,nd 'PI'en to ploy. rok: in 1",,,1;0...",bili",iol\ ,i1k.~

they incre.", ,heir ,cti,;ty, 10' "",II ,legree, ",hen the 'rine i, pl,ced "nder [In'e ..i,1 """'pre>.
sion (I "h" ,\leGill.•",1 K...~,f. 199Il). (Thi, fuoct;on,1 notion will h. ,b'd0I'..,1 i"e, in thi,
eh,pler.) Th. obli<jues ore.6o ;n,'ohd;ll dt>lIenged lung "."lii.l,;"I1. """'''K wi,h • .....i,·e
e'rirtlmn" (1'lenke '" .1., 1m). The ;"'po...,nt ~,oction,1 implicolion of ><tive expir,u;"n will
he di"",,,,,,l In , ,ub..:quent ,,-,-",ion.

R......"'he... h,,'. fuc'u""', kll of.ttention on the ,ra"""",,-" ,Ld<M"ini, fur 'wo ...,,""... F'r>'.
some hehe'.. it is in,,,,,ked in 'f'i"" st.bility through its ""Idike """toinment of ,he .1>00111en
",d .1,,, ill ,ho !l".CrJI~'" ufin'ra_,h<~""illolp"","ure (lAP). Ri.eh",h"n ,nIl «>1I",lI""'" (11"1'I)
n;'-"'I;- summarize<! the ....'Ond 'e.<on fo' ,he fuc"ll>CJ men'ion un <h" mn<cle. su!!¥'-'Stinll' "'..
troll"'"""" h... del,yed onset of ><ti,"O,i"" time ill '0"'< ,"'i'" bad trouble!. pri",. to. rarid
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fur>chon,1 An.J~ of the luom..~

figure 4,H The""I;""" """"Ics 11'0:
,1\'","" f'O" ..... 01 "",,,,,",1 obliq",,;
10: '"l<>''''' f'O'tion 01 inlc..-n.tl oblique;
T: '""s"~",, .Womin is) 'ron""il fl'orC <:
, 1<1<'8 ,I",i, fil:>er fe!,gtb. aod lne., ,ed i_
, ..., (0fC<: al<l<>g ,,""us ,Wumini; via
,he" '''..:hme", 'u the Ii",,, "-'milu_
na,i. '0 ,'Ohmee ,flei, ,.(feeti", fie"",
momc"" .rm.
.............. ""'" _I01_.......,. "'".
'.M. M<''"l·A r.-d _., _'" "' ...-......._ """... _.
.".,,,. C"Pl" ,_, ""'"

I ......""" ........

\
/\

t

CW,'Ol
RIl VANCl

at", mo"",,,,,,,,-,hr h!'l""hesi, I><ing ,h" Ih. ,runk m"" foNt><
m,,1e "iff ,,,,1 ",bk h 'I'f""" ,I." Ihi, i, ",;i,I"""" ,1.>1 ,n ,he'­
..n' n~"or p.""m "xi", in "p,d .,tn'i')·, I\'C ",nno' find ",;de",,,,
,h" ,hi. lno,o< pOll.m h.p",,11S b;l>1,...II)'. in' piling ,I." il hos
hIde '0 do ~'i,h ".hility- The question 'em,in,., to ~'h.,h<, this i,
import"'t io mon' rK){Tn> II)'p.cc'<l ,eti,i tic<. D.b)','<1, "'... cc",finm
"""0< &f..i", 1o,,, , 10 '0 30 ,," On"" de!>y "'ould I>< i"..I",~n,

,luring, r.orrn,1 rno.-cment in which ,I...., "'uscles >J'e contin",II;'
",n.,,,,,,,,,,,1 h' emu,e stobili'J" O.,tr:lry to ~iut i, ",.",nonly h<.,.,.,1

in '><J'('''' diS<.1Jssi",... the "iclcrJ,;,., oo.-s ,.... ""l!&'-'" th" 11',"''''''''
is not re<T\lil.d, It is ,Iso inleresling 11.". >gain contrO'l' '0 \"'P',I"
tt..>ught. the 11'",-""",u,.nd ;,,".....1,~Ji'l"e ..c ,c,)' "mib, in ,hei,
fllx:r oricnMion, In our '-':<)' I"nttro h"..",,,',:ul>, E.c\lG ck,'tnl<k
~-ori: ijuh".. ,\ kGiII,....J Kropf, 1991l) ~.• "'".• high <Icg=~ro"p1i"ll'

bet".-ccn the,", t,m muscles in , "ide ,-..iety of no"halli,1i< ""ernom
(no doubt "'ne m}ud,.........· U'oss-t.llk exi<t,'<Ij, II'C ha,.. been w"bk
I" find p<O\~. ,,"" con or c.noo, .ct;"". ,..n"·.,.,.,, "'"n",h.less.
..,'e,,1 group. (C""",,'dl .",1 mUc>gues. 199-1••nd fhlg.,. .n,1
Rieh..-ilion, f996.... ,he mo't C>j><rich,:ed) rn,"e not<'<I ,he ext1>

:teo,-il;' of "",,,'·e,,,,. whe" ~\l' i. 01 ••·.1,'<1, bm 11", II... ,II of Ihe
.hdomi",1 ",,,,d.,.s!>ow dri••eti,i'y- Th. eomhirntion of'r.n"·e....
:tenv.,ion (.nd .1""", .Iw,p c-onc'Mni"n' oblique 'rtlvi'J') wi,h
.k,,·.,ctI1AP <"">t"'''' ".1,41,,;,. ~'idIOY' q"""iun, 1" filCt, Chole,,'iclU
.nd coJlc>gucs (I m) =n,11' eondUlled lhot building lAP on it>
o..-n .dd••pill< <Ubili')·.

In tho bro1der fu"rtiOI\,1 I'."",erth'o. ,1.0 .",nponrnts uf 11.0
.I.\omin. Iml\>d.,. (",eN;, obi illl\........11r.n""",,,) u'()r~ 'oge,h.T
hu' .1", inJepcn,lcn,I}·. II'hile, ,·.ri"ly <If "lUr<<'< hOI" p"lI;de,1
m}-o<lcctric ",;<knc< from • ,~rie'l' of mh.•n ."""",;.....1 .nd
function,1 '",err'e,.tion is nce.lro. As no'ed e..li.T, the obliques
diffcren,i.lly ..lI...'e 'n err>te lwi..ing w''1'''' .n,1 c'On enh.",,,
flexion 101''''''', R"",u. i. pril1"nly. Ikw<---in f,ct. ,ho« people

~'ho h,,·c. g<ett J.,.I of lnolor eo,,,,,,f in II.••!xlomi",1 muscl.,. con p..f.",",i,lIl' "",i,'1'•
.,,,1. mu.de (>C, figure 4.JJ. ~_<!), Fintll;-. ")Ill" rn,,'e ,uggL",te,l.n up",,' mel k,..-", p.rtil~m_
itTg of ,he .W"rnin,I'M.dcs, As j>1't~,o"'I;' m""lioned. ,hi. impression i. proh1l~}' 'n .rtif...
"""I,ing mMll I"X'r f,\ IG tcchnique; the... does no. '1''''''' 10 be , function.f ul'f"" ,n<! Iow'e'
t<'CtU> (Lohm", .n<I.\lcGiIL 1(101, 1'.,..·G.rri•. G,enier••n,1 .\lcGiIL 10(0). On ,h<<I'hcr h.nd.
,egion;d differcnc'CS <10 exist in the obIi'I""" SOme >CC1ion. e", 1>< I'rcfc"""i.II~' "uuited hoch
mcdi.lly ."d bte.. lfj' 100000,hcr ,,'ith upl'eT ,nd kJ"'er [IOft.ions, Fin,lfl'. ,he oblique.. tog<:th«
with t,,,,>s,.TS< ,Womini;, f,>mt. ",.,,,ining hoop ,'o","d ,he .nll....I"lomen, "i,h ,h. ,n'erio.­
of<he 1'JouI> eompo<ctl of <he .b<Iomin,1 f, ...i, .nd ,ho I""'enor ''''''1'''''-'<1 of the Iwnt.xJor-..l
f,sci" The ....ul,in!!' '!loop "res",,' ,nd "iff...... ,,.;,, ... i,h spine ,,,bilit~,,

Abdominal Muscle hercises

The fuoc'ional diviSions of the ~l:Jdomi<l.:t1 muscles justify lhe need kY >everal e><e«:ise lechniques
to challenge ,hem in ~II of thei, roles: moment geo<"ation, """" Sl~bilily. ~tJd hea")' bre~thing.
While the ol;>li'loos arc "'l:i"""lly acti""wc:I, with .IeV<'Taf n""",1 compa<lments. th<.w aP\l<'ars to IJe
00 iU<IC'i<)n.)1 separ.'tioo of "I'f'C' ~nd k»>'er ,,~tus ,'Momi nis, Thus, a curl-UJ' e><e<cise acti""leS
all po<tio<ls of ,he ""'tUS ~bdominis. I'''''''''''''. upper ~od law~'T po<tions of ,he obi ique ~lxIomi",,1

musc~ arc act"~tl'c:1 sepa'a,ely dc'P"odi ng on the dc'mltJd< pli>Cro on the tu<W. finally, dc""ilcc:l
'~l«1I11in,1tion 01 tll<, fJ5Cial connections "'>e"ls kYce trJn\l1lissioo al11(l<1g ,he shoulder muscol.llUl'c.
lhe spine. and the abdominal muscles. justiiying e,,,,,i,,,, inCO(por~ling IJfger rr<l>«llenl pallems
/()< the adv~<IC'-c:I patients whu c,n brw the high<.'T Ioods,
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'~'~~~':::::::::~=:!
F;8"'" 4,n Some tr.1 r>OO peopi<' ......., ,t>< .blilty '0 dlff",,,,,,,,lIy "",iv.'e spec ilk portlOO5 0/ the abdoml "" I mus<:ulalUf".
Th .. "-"lueoce .heM'. (.1 .n IIlaC,i"" .bdomi....1w.lI, fbJ !he abdominal w.1I "ballo>r><'<!: ,M lei cont,;oetron of trar"""""
abdom'M, which dr....... and 000l1ows" ,t>< w.II, (Note lhat o<her """"Ie> most rei.:I~ todo thi<, whKI1 con'f'IT""l"'S both stabll·
ity ..oo "'''''8'h" Idl ('1;oeing ,t>< hands on the thism .00 fl'l'hing ..llow•• fie",,,, mon,,,'" to de..elo!, where II""'! mu",ul.,
<on,,01 is .hi<' '0 'ct",aI" just the """lIS .bdomini. wi,h ,t>< pn....'iously ;oe,iv.rW tr...."""".nd Itnl" oblique ",,'ivlly_

Psoas
The1"'''''' muscle thot l'1'<l!iSCS ,he ",inc "Id ~,p, is utri~u. for " ..ny reasons. While it ~"beerl
d.i,,,.,J '0 be • "";or ...bi1i«, o(,~. III"'t..c ",in~. I beli..'. th., ,~i.d.im needs io,.'1""'"
t~"'_ Although the 1""" """'plex ."..he.. to Til .n,1 '0 .,-elY lumhar ,-"".b,. on it> COlli'"
0>,," ,he peh'k rinlf ("'" fiSU'" ~.J4). its .'';,-.OOn profile (s"" Jllk.t.•\ kCill, .nd Kropf, 1998:
Juk«. .-IIeGill, Kropf, .nd St<ff.n. 1'i9ll; .nd Ander-soon 1., 19\15, ID, io,l~'dling Eo\ IG J..,)
i. J>Ot ",,,,';,,.n' ~'jth ,h" nf, ,pin. ,,,hilizer (in the I'" ' sen",) b"t ratbe. in,li,,",., thot th"
rok of the I"""" is I""dy •• , bip IIcror. During oor "<:Irk to impbnt Intn",,,,,-,,I,, ek"Ctro<k.
in thi, m"scle. "'. I",rfum,e<! the insenion te<hoi~u~",",'... I,i",.. "" ourso"''', The first ume
the de<tro<b ....,,"" in my o,,-n ps<>I" I 'Ii,,! ",,,,,..II,,,,· hack """,,;"n. in .n .t!e",pI '0 ..,i,..te
it (lIc.tioo. exterilion, ..""-bending, <te.), Nonc of the« ",.11)" "m",1 the I"''''' to fire. Simply
rai,i"l!' the leg" hile ..."ding, ,,'i'~ hip fl«ion. <'"."oed I"..si,'< .<ti,..tio". cl••r1;' i",dic>lti"ll" th..
the p"'" i•• hip fle"'''.
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Psoas Function

f;,;u'~ ~.l~ The J>S<>l' ,n,.>che> '0 e.><n lum"", ""'­
,''''', (I"""I """"b,,1 I>odr ,nd ''''''vt.~se I~OC"'I
whe<" "aon of Ihc>c I,m,,,,,,, oi f"Oo" fu>c,nd io<m,
com",o" 'codon In" c""'.... ,n'ough 'ho> ili"fIC'Ctinc.1
n<;Jttn 10 ,I", femu'. The ~,,,,,h,,,,, I.....,oo.om ,11.><;!>es
".en '"n,_", I~OC<'S' ,,'iln ,I", ,;bo; .,><1 ;1;"" <r<'Sl.

iOO"ming I g"" wi,,, "'l>pOrt .yol"""-" "......._,

,\f,o, ,hi, pilo' "ork, in • Iorgor "odr ,,"
found ttl" .nr ..,. ,t1juirin!! hil' ~<"ion i"."O).'od
,he P'"-"', Altho"w. " .• o"..ined thi. i"'p,...iun
fmm >lUlI),ing the ""t"..ti"" prufik of the I""'""
<>thor c"",,,idtr>tiu,,, >It", f,..." its ,rehi,,,,,u'•.
Whl' ,Joe. the f'SO'" II.,...." ... the entire lumho,
'pin. ond, in 1'''''', coLUSe ,II tho ""1' to the h.w
thoracic 'Iline? \\ny ,lOt let iu" tht ilill<u' l",riOnn
hip ~",ion? If onl~' the ili""u' "0'" to ~ex the
hip. ,h. pc!>'", "·,,,,Id h" to,,!u,,1 into.n .n'enm
pcl.it tilt, fOrcing tI", lumb., 'Pi"" ,nto ,",'cmlion.
'Iho... ~..."'" ,re f-ot,u,,:••ed b)' the JlK"" ... hieh
..hI< ..iffno" be'"""n ,he pcl,'i, md ,he luml""
'Pine. In &<:<:t, i, "'>n be: thouw., of" ••pin<:
..abili,,", 1,0' only in ,he I"""""ne.: of signifi""n,
hip fIex<... 'mq..... Aho. an .m,..,«I.n,1 "iffen«1
1'>1"" ,..ill ml1,ribu,o "",n" ,he.. ,"ff"..... '0 ,he
lu",b.. ,roo,j"" ""l!'"",,,-hu, onCe 'l:I',in, onl~'

"'hen hip ~."" ,o.-quo i, "'4"i",,/. Th. foct i,
ttl" the 1""" .nd iii."" "0 t,..o"'I"""" ",,,,,,Ie<
(se. S.",aguiJ••"d ,\1cGitl, t9'15). Noetio...ll",
"ehite"'tu..II)', an,1 n." .. II)'. 'Inon: i, no ,"en
,hin!l" ,n ,Ii"",,,,, ",u",lo!

In .ddi,~"" ""11<: dinicol Ji ...·,",ion Iu, be."
cen,.",,1 .toun,1 the ",ue of "'ho'he' ,h" 1"'''' i.
rn in"'m,1 0..- crton..1""""" of .no f"",u, .nd
hip. AI'Mugh it has ""m. "ehi'«:tor.1 .d,-.nttl!<'
'0 .".mallr roI.te .he hip. J"ke, McGill, Kropf.
md S,dfcn (19'18) ,,,,••,,,,,d (111)' "".11 ",u,-.'~m

!Ii.. durin!! hil' ",..,ion ..,\;s. I I""·...·"r. ,hi, tn.,.
h.." h..,n due '0 ,he nee" IQ, significam hip "."
bili""•..-,n, ,o<"lting in ."b<.t.nn.1 hip """",tr><"

,ion. In • ,«<:n, >Iud)', W'e "",,,,i,,.,<1 • "'''ched
cohon of "'o<kers-half of "hom had 0 hiSlO'Y
of <hsabling I,,"· h,d '",ubl... ,,'hile ,h" o,h.T
h.lf h.d nt,..,. ",i,,,,d wo,k. 'Ill"", who h.d •
hi"o')', bu, .... 'e ",'mp",mOlic., ,h. tim" of
,ho ''''', h.d > .ignifie>n' 10" of h,p o>ton,ion
md hip in,ornol ,,-,,"lion (l"'t Tnore ""'"m,1 rot>­

,in"). Thi, i, On ;nt.'e>ling obse",.,inn. gil'.n
much dinieal ,Ii"",,,ion reg"ding Ihe ",igh,"
1"<'"" £''-'11 tlMJUgh "." do 'M>! fuli}' undcr>t.nd ,h"
n.un::onceh.nie" ,his musck ... dinic>1 ""Itt'"
i.. "or,h ",,,lying funher,

TranM'"''''
1"""""'6

My""lecl'ic ""iderK" dod a""tomicJI analY5"
"'88'-'9 lhJt the psoa, ffiJiot JcIS pm"",ily 10
cre.Jte nip Hexion torq...." that its acti""tion is
miniffiJlly linked to spine demJnds, aod that
il i"'JlOS"'5 ",MOli.1 lumt.., spin<' compR'S-­
>ion when JC'ivaled, Call1ion is advist'(l wilen
t,aining this 0lQ';C1e due 10 the substantial spine
COrTIJl"'"ion penally tn,11 i. impo«.>Q on rim
spine when tile IlSUas is aa'''''tc'(l,

.~

ere"'

Quadratus lumborum
"Ill. qu.d,at", Iwnborum (QL) i, ",,>!her 'l"",i.1 ,nuscl,~" """r.I ....sons. Fi"t, ,he .rchi­
,ectU'" "f thi, "'u",l. 'ui,. • ".hili,ing roI. hI' mOoChing '0 oach lu"'Iu, Vert"""" e/T"",i,'el~'

oottr<:••ing ..Ijm"" ",nob..., iHl.'e.-.Uy, "'llc"hcr wIth attaehm"nt> ", ,ho p<h;. and ril, <'age
(= ~gure4.34), Spt:eifi,-.lIr, ,h" fiiJo="ofthe QL cross-link the ,'en"L.-.<: and Iu,·c. 1.'1;< 1"" •.1
morn.", .rm ,ia ,h" ,,,,nS"",",,, proce" ",,,,,hn,,,,,,.. Thu" b)' its d"';gn tho QI. could butt""'"
shcar in".hihty and he "ff,'<"Ii,,, in .tabillZing ,1l1....Jing m"dc,,- "I}l,ieally, undeT """1''''''''''
iood ,k fi", IT""'" "fbudding in,ubili!)' i, 1.«....1(L",,,, .nd BrtSlrt, I961 ~ ,h" QL..-m I~'Y •
signjr,,,,,", rot. i" 0011"....1bc",,,,,,ing. AlSO, ,n.: QJ.. hardl~' chollllCS I."gth Ju,ing .nj" spin"
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Quadratus Lumoorum

The Ql appears to IJe nighlr inVQI.w
witn "ab;lizatioo of lhe lumb.lr spine,
logClh(>l' wilh othe' fTluscll'S, 'Usgl'Sl­
ing lhat a clinkal iu<:us 01'> this m.&le
il Watranted. herei"" emphasizing
aaivaliOl'> of the Ql while 'piI'ing I""
>pine are 6t'OCribt-.:l in i~"t III, "low !lad
Rehat>i IiIalion"

•

•
•
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motion ("-'" uhle 4.1 on I"'ge 55 md ,\I"(;ill,
1991b), ",U"'unl!' <hOI it "",,,r.ct' "inu'll}'
i""netri",lly Funhce in'ight into its spOO,l
fu""ti"n t.."d fmm an c.,he..- oI""t""~,,,

Ih.. tI,. 'tI<Jl.o't'O/llrol ,y.wn i,,,-01,,,, 'hi'
moscl. IOgethce ~'ilh lhc ,hdomin,l " ... 11
~'h.n xubilily i, requited in lhe ,l""nce "f
major momelll <!em'nds.

Thc n"",de 'fl\""" to be ocri". ,luring
• \"atiel)' of f1e~ion·domin,nl,e"en,Of_
dumi",u", and Iattralbelldmg u.l<x. (Note
Ih>t m~"e1cclri, ,,,,,,,so 10 lhe OL is qui,e

lrid,l" ,,,,I il i, difficult I" "",finn wh.re lhe intramu""ul.. e1eetT<..\cs are "';Ihin ,he n"'"clo.
Certa;nly "UT tt"hniqoc' 'm <hi> l11uscle ,,'ere nUl ,'cry prrti;c. In ,dd,oon, Ihey tmd to n"!!Nt<
"flO" C"fllr'Clion, furthee clouding intcrpr.to,ion or the ,ign,l.) An""'",,,, 'nd colle'go",
(1996) found ,h.. thc QL ,li,1 not ,01,. with the Itnnh.lr "",en",,, ,luring thc floxion_,01""rion
f'h<oo'll<:""". The " ..ion-,d""ti"" pheno",.non ;'.n int<IT.t"'lI ,,'" ,i"". tho.", ,IT nO
""bs..",i,ll"er,lor I",i"i"g t""l""" "Id the e...nsor l""Iue 'fI1'<'''' '0 be "'flIlOned I.. ssi,'d~',
funh.... ,uggesting ,ome st.hilizmg role ror the QL.

In moth« "''1'''mocnt ("'"••pin thot oue I,!>ont"'), ,,-,-tmiqu<x to oI>tain QL ,"",,....n,,,,
~'ere r"her imp"",i", " 'heti"'e). >uhjoct, stood upright" i<h , bucl.... in eoch h_nd. We incre­
m""l.lIy i""re,setl th.lmd in C2Ch hudet (resulting in 1"">gJ"""i,..I~' moe< ,pin. "'>n'p""sion).
OuT dau "'U"'t <hot the QL 'IK"'...,,) it> ,,~i,..."on Ind (together "ith the oI>liqu,'» ""'OIT
... hilit~, ,,'.s required (,\ kGill, Jule', 'nd Kropf, 19%b). Thi' ..,. f"'m' , 'I'""ial ,ituotion
,.nee onlycom pre";". Im'ling i, 'PI'Ii..110 the ,pine in ,h••hoc""c of ,nr knding momcnl<,
In "'"un,'}', the .tr<ngth of the <",Ie""" IT,." ••""...II"'"'I"-'<1i",,> Ieox'", 0"" to """du,1e tlult
Ihe QL I"'rfunn' a ,'e'}' '1'""1.1 ".biltzing rok for Ih. lumh.lr ,pilt. in , "',,Ie ,',ri.ty of.."".

Muscle Summary
Thi. """~'" h" I""x';d",l.n O',,,',ie,,, "I' the 1'01", of the muscl", of the trunk in suppOTting
flOstu,,,, >od ,,""'mg and 'ta!>i!iring the lumba, spine. Th< p''''C''-.>T mu«:lt'> ..-...e pr.sented
in fOOr Io'!l" fu""'ion,1 gl'UUI"- The deepest gmup (lhe ,m,1I "".to,..) 'fI1'<''' '0 .,,,,, [lOSi­
lion "'ns<.... ",hee th,n OS torque ge""...t........, The moce supeTfici,l exten...... (muh;fi,l ... and
,Iio'-""ali' Illlnl.,rum .nd Ionl(issimux thoroti') 1'.11 into 'h"" '-''''11''n<> to

ge"" t. I.",. c."en'io" lIlOmen" O'U the entire lumbar ..ginn,

gener [>.,"enor shear, or

,If"", .n<l rootml ()Itl~' "ne nr "", luml", segment•.

The roles or the .bdomi",1 "'u,des in lrotlk n..ion ,nd in trunk st,bili,..,ion "'c,. high,
light«1 togethe' "'ith the role.. ofthe 1""" llld Q1.. Cl...ly, man)' muscl", pl.p large mk in
prot«'t1ng the low bock frorn ini"I}', Ch,p... 11 .pploe, thc-sc finding; to ""e"-is< r"gin",n' for
indi"idu,I, "'ith ro..' bock poin,

Ligaments
\I'h.n <he lumh.. ,pine i, neither flexed no.- c..mded (nc"'<rollo,do",), onlr m"",le mntribu_
tionx """d be ,-,,"stdered in thc F!l«h,ni,~ tu 'upl""t the 'pinc, 11o,,'''''''''' the spi"e fl",,,,,
bends. ,nd ,,,'ill', I"'"i,.., Ii,,,,,,,, .'" """",d, lhc r<:stJh.m k:>m:' of ,hose li"u'" <h,ng« Ihe
mtel']l""""'" of mjury ",,"<Th,t;on, the ,Ii.......""" ofdi",,,,1 i"","" 0' lX>1h, For thi. ,,,""',
I intTodoce <he """h",it~ ofp.ss;". ti''''t,>;n th" ",,-,lon, fullowt'll hy ""'"e ."",pk> illu"....­
ing thei, eff""', 011 dinic..l "...,h,,,ies, AI"" f.scinautlg i, the di'>U"ibuoon or ,,,,,,,h,nor"""I""'"
,Io<tllnented in .'.-ef}' lumho' lig,ment 'nd f.sci,. Solomo""'" 0",1 m11..gues' (20(0) ,,,,,,,,,t
,,'idc""e ,ug~c""" ,igoili,.. nt I""I..-iOCt1>ti,.. rok fo. '1"l1lIllig-.n"'l1t~
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Longitudinal Ligaments
The ,'eneh,... m, ;0;".,1 to fom, the 'rin.1 column ~'I"'O riboo.._likclig.menu., the on«rior
~>ngitudin,1,nd the po<terior longituduullig-omcnt<....hi,:h ••"" ,n te<triL-ting c.".,.';;,'. flcDon
anJ ....cn,ioo (Stt figure 4.15). Iloth ligaments ha,-cloon)'>"""h,,,cnts to th< ,,,neb,,,1 OOdi", .nJ
c<~logenO\l"I..chm.nl' 10 the '0001",. Very little ""'ide",,e ",im IQrthe rvc",""e of m,,,,h,,"o_
fe<.'-1'tor< in the,," li!",men", Posterior to the "I'inol ",mj "the lig>mcnlUln n.,,,m. ",'hKh i•
• h,,..,,,.ri>eJ bj" roonr-:"iliuo of 'PIIf'U.i",,,dy RO% d.,.;n ,00 ,0% roll.gen, .ill'"il)ing'
"ery 'reciol funClion fo< Ihi, lig>mcnl. It h.. beeo rvop<><e<l th>t thi, highly 0I..1i<" strt>Clure.
...hich i, uoder pr<ten,;ol1 thrullghout oil ""'e!. of Anion. 0"1>" , hm-i", to ,n.teriol Ih" urul,1
budle .nd e'.'t,.",h "" the rord in SOIne ,<gio,", of the "'''l!< ofmown.

Interspinous and Supraspinous Ligaments
The inle....pinou••n,1 "'p""l'inou, Jig,,,,en,, or. ofteo d.,,,,,d .. , ,ingle S1nJClUre in on,".ny
"'XI'. ,Ithou¢' 1Q,..:tk>n.llphcy 'pp"" to h"'e ~uitccliff,"",nt roln. The inte"!,;""", l;!I"n1<n"
ronne", .Jj.....",t \>o<t";or "'~"'" hut ,n: oo! oriented 1"",lIel to the ron'I"''''''''' ••i, of the
"I'ine. k"her. thc)' h"" 0 I.rge ongle of obliquily....·hich ho, heen, poinl of«>o«nt;'",. For
)',,,,, most .n"",n)' Ix",.. h.,·c ,ho",n lhe'" lig;omcnt< ...ith ,n oLh~ue milk Ih" ...·UItIJ ,"aLI«

___ Uga,,-tum lIavum

~
._ ...-

(<lors8I)

(_I
(v_al)

fj~u~4.35 Mojo< lumho' I,gotn"",,, NOIC Ihc ("""o...-....~ ",mound,og the intr...pi""", ligon"""
in figu'". 4.36 a"" 4.37.
_"'-. ..... t.w........ ,__ "'"'.... .."''''''_d .... ,.......,,.,.,.''_~ L ,.......-,.
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""""rio< she" f tk "'I"-non,,rtthrll< (_ fil(Urc 4. J6), Th;'.."..,.. " belle,.."j to h.no origin...,J
" .....",J ,lit w,n fth. <,<nwl)'. "ith 'hc hllX",hesi, bei"g th"." ,ni,. helJ 'he ".nel>rol """'ion
ursid< dO"'n when dra"'ing, othe' .rrim ";mply ","pied ,he p",,'iou, 'n ra,h,'T ,lun looking .,
"pine, Thi, " ..., ,\)m....,,,'<1 by 1leyling< ("-" frgurc 4.17~ no'ing ,Iu, rndrtd the..... ItlPmen"
h"'e <he obliquil)' '0 r.:siS! I",,,.rior ,h",.. 0( 'he sUI""';or '·"'ndln.,.......{,o' .1<0 i,,'[IOSt .mcrior
.he" fon:c. during full A"'ion (H''liing«. 19iH). \\ 'hile m.ny .n,((Jmy ("",boo" sugge" ,h..
'hi' Itg.men' .,,,,.,,. to I'm"...,' .!"'mst exc""i"" Aenon (h",ed ,m emm,'",' .n"omy), I ,~) not

beli.,·c this notio" is OOt'l"e<'t. 11"eli"g< (J9ill) sul!l!'"",ed 'h" th. lig."",,,, ..~s like. roll"er.1
li!""""n( ,imibr (0 'hose in (be knee, wherehr (be ligomen, con,rols (he '..".leb,..1 """ion ..
"f<~k)w'.n m: thmughou' ,he Anion range, Thi> tll rum heirs 'he hee' ~Jin" ""ru;n in
""""". gliding with nn""". Furth""'''''e, "'i,h it> oblique line of .elion. the intet'Spino,"
[igo,,,,,n, prol«...g.inS! poslerior .he.ling 0( (he superior "cneb"", ,n,1 i. iml~ica,ed in .n
tllJ0I)' teen,rio d&o,,,,J 1"" m ,hi. elup"',.

I" ,on,,,,, to 'h" ;n'''''pi""", li!>"nen,. ,he "'p<npi",-"" ligomen' ;s .hlr"X! mOre or k-ss
p,,,Hel '0 ,he """'I"""';'" ..i. of ,be ,pine, ronnecting ,he tip" of ,he [lOSIerioc spi""". h
'PI""'" to pn:"'i,le "'si""''''' .goi"" e...."'.i,·c f",,,...cd Ae.~m, Fin.Il}'. hOlh .upr."pino'" .n,1
""'"1"''''''' lig.",,,,,,, h.....n ex'en,i,'< nrtwork of fn" ""n'e enJing< hI''' IV ''''''I''''''')
(\'ohi,. N""'tll.n, .nd Ri'"rJ. 19l18) ,ogelh<..,. "'i,h Rom"i "''''[lUscl...nJ r.cini,n corl'o,cl..
(\,.hi•. l'c"m.n.•n,1 R.in"L l'i1lS;Jimg '" .1., 1'i95). Y.hi, ,nd colle.goe. (1988) ,n,1
Solomono..- .nJ ,,,,lIe.go" (WOO) 'oggt--;' I p,oprio<e[1"'" rok for 'he Itg''''en'' to p,,,,,"n'
".cessi,·. " ... itt in fully n.,cd po>to reo ,nd--gi"en 'heir .,..,hi,ecUlre--<jui'e 1",,,i1)ll' "hen
"n,le, "",,,,,';;I'e she.. hut

Fill'''' 4.3~ For mo<l "flb<: p'''' 100 I"'" m.ny
~na'orn",al ..hOI< hil"" dr,wtt ,he in,,,,,,,i,,,,,,,
li8""""" 01''''''' down, os ............. itt lhi' ""a•.
So<h drawittg, h".., "• ."..'<1 riw lig,m.....,' (urIC­
tio<1 '0 t... ",i;i"'e~prt't''<I a; tb.' d a supporl<'
of .nt"''''' .hea" which i; in""",."'1. The origi",,1
iigu," of thi' ...mpte, frum [. W.tkin" 1999,
5"""w,....od Function vi ,he Musculo'....leul
5y>wm ICh.mpoign, IL Hormn Kinetic.l. w..
drown correc1ly bot h,,, beefl oltered to ill"",a'.
the i",,<>m.'CI rendering m.ny ani", h.w" d,own
in tho I'd«.
""',... '" """"".,. """ ,. w,""". , """'"-'
'-'-''''~...-\ ,' '"-.......,,..

Fiso'. 4.37 The in'''';pinoo; lig.",<.,,'
lUtt' ohIi'l"'-~Y 10 ,he "ornl"'...."" a'i;.rxI
,"", I..., lim;ted "."""ity 10 ch<"'k ile'io<1
rotalio<1 d lhto '''P'-~'''' V<.~ld~a", Ral"'''.
the inlenpinoo. lig._ m"l' act "' • ,,01­
I.,,,d liS.m..'llt. """,,,,lling "",,<'br.1 ror.·
tion.rxI impo<ing .mer"" >he.lr fore'" on
the """'"'" ,,,,,ebr,,,,. IZG) ZIll"Pol'l'l''''al
ioi", or fac.... ioinl, iLl), lUI Mohar spi""'"
ponce..""_...... .. """''' ''-"- ",.. ....­.....- .... -..,........ ...- ..... .....-....,.._,.•...,..,"'_"~,, '''' "'VI.'''.''
-~
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Interspinous ligament Architecture

The inlersf>inQlJS I,gament .flP".lrs to ..-ovi<!e. (oIl.t",.1 .<;Iion.5 ~ guide5 the ,Ii ding moIlon 01
the fac~ joml' and che<:k. ~efior .hea' of the "'I"""or vc<1rora. The flip >ide 01 th" lunal"""t
rule is Ih;!t dUflng full flexion lhe 5U\X'fior ''(.'<Icl>ra is shem.'<l amCfiorly. o/tt-.., ad<llng 10 lhe 'caak,.,
5hea' foru" fJI'OCllJCed In a forwa'd !lending~u",.TherallCUlic exefCI~ rec.....-.neOOing lull $pO""
fl"",on SlrClCOC-- m"" con,ide< the ,,,,,,h.m .hea,ing mes i"'JlO"->d on the joint by ime<spi""",
IlgJment SI',In. Too often. ~"",n those paHcms w,th she., palhology-for e,ampl<', lhose wilh~
dyIo1iSlhesi5-are f""":'ibed 1Ie,,,,n st,eteOC--. Thi~ "fl'rears to be III'advi~

Other Ligaments in the Thoracolumbar Spine
Olher lill''''lCn'' In ,he 'hot-.,,,Iumbu ~p'ne Include Ihe in'el"triJ'''·,_ I'g.me"'" ",J 'he IK'e'
<'p'u1o.

• !n".-rmnn',n, !ignm,nt<. These lig.mcn" 'I'''' ,h. !nn,n,,,, p"le""'" .nd Iu".
l>etn .rgu<d to I:>e 'hrrt' "Ioj"""<tl,'< Ii"".... ,hIT ,h." lrue ligom,n", (BugJuk .rld l"'Mllej'.
1991). I" IXI. BugJulc .nd 'r,,'o">e~ 'ugges< ,h.t IDe '''I<''... n''e.... ligomen' l11<mbr;,,,,, fun",
...ptum heN',"'n Ih••nlerio, .",I!"",e",,, m""-""btu,,, 'lut I, on emh~"j~1 holdo',",
from 'he dwclopmtnt of Ihose ""0 "-'<.1:io", of mu..le,

• F"m <lip-uk. The fxn copsu!coons;,,,ofCOlmee,i." 'issue" itl1 I...",J,; th" ,,,,,,ri<"llooo.h
'he ;oin' floxion .od ,he di""",,;,:;m ofthe f'eel ,urix"" Ih.. ,,,,,ult f...." .,;;.1 t"i>ting, The ligo.
10""" ,h.. form 'he '~I""I, h,,'. I.":",, dot"mlCn,ed tu I>< rid> 10 pr-opriutepli"" "'lr'n>--p,t"in­
i,n .nd Ruffini corpu","" (C.,~n,ughel ,1,. 19'16: MeL,in ."J Pich,. 1998}----,nd h"'e I>«n
ol)S,,,,:~,llo ""1""',110 mul,lru,cetiOll.1 st'''', Oi,ng '" .1., 1\195), .. I"". in em.

Normal Ligament Mechanics and Injury Mechanics
DetermillU1g Ihe wi.,. omg.men'" Ius in",I•..,d q""I"..i,-., i",",1'''-'''''''' uS; nil' 'hei, .tudullcnt<
,lid line< of ,,-,ion ."I(tlhe' ",i.h fu,,,--.ion,1 t<.." In "ilieh ,U<,,,,s"'" lig.ments "<", .'U' 'nJ
,he j.r~", motion 'n, re"""""d Eo.rl)· .tudies .n"mp,ing 10 Je'en"ine ,he "nount of 'obti""
con,rihu,i,,,, of .""h lig."""" '0 '''''rieting fle,;;,,,, "eTC I"'rfonne<l on c"I"'eric l'rt1"T::I.i"",
,It.. "'''''' "'-" p,...:""di,ioneJ prior '0 ",,,ioK, This u'u,lIy en..il, , loading '''glln<11 so 'ho' 'h"
cod••,.,;., ,pecimon, OOte' 'oflect in .i." h"h.,'w. Specific.llr, the in...,..i8"t"'" did"", "k<
in'" .ccouol the fac' 'h'l "I"'" dooth. ,II"",. I",in~ hj-drophilie, inc,-.,-.,.. ,h.i, n'e< ooolon' and
""""'Iue'"I)' d...~r heigh LThe ..."ilen di"" In ,~"-,,..ric specimen> l>todu<-cd an .m0",1 pn10><i
00 thelill"mon" closest '0 the disc, in'JlI"'OPriotely ,uggesting ,h.. the <>1"";" 'oJ iongi,uJin,1
lig""""" "" mor" import.n' in ''''i.'tin!l' fl""ion Ihan 'hej' octw.llr a", in Ii",. Fo' ,hi, ,,,.""'.
th"'" .,r1y do.. dCS<.Tlbing Ihe nm"'x",,1 roI,.. of ,..riou' lig.ments "'CT<: i,x:"",,,". The "".k
of Sh,nn, ."d roil",!!"", (1995) ,ht""ed th.. ,Ite m.jor lig..oellts for ,esisting fle,j"" "'0 ,Ite
"'I""'I'ioou, li!","'en", Tho.. ""Ir otuJie' ,t.o..'ing tJut lhe p<>s'enor IlIn;;;""lin,llig.m"n'
",d tho '''1''"1" li""m",," ,re l111pomo' for rt'Si"iog fl"Xlon did n,~ empiO)' ,he nn""",ry
I""ccondi,ioning just di>cu<s<d.

,\lochan;",1 f'iluro of ,h" li!",men" i, "'o"h ""n';,!ering. King (I99J) 00,,,,1 th.t ",ft li""e
Inluri'...... "'>mll~'"dllring hil(h--<""''1IJ', ' ....um..ic "wn" 'uch a' ,ulOmohile ",~Ii"""., Our
""" oi""'n"liOlI> "" I~g 'nd hu""n speeilJlen, lo,ded .. s",",,' kwd r..", in I><nding >lid shear
mode> M'll!lest th.t 0":'"';''' lension i" ,ho longitudin,llig.n,.n15 CO""" ,,,,I.<ion 0' bon)' f,il.
nr" n'':IIr ,he lilP-tn,.", .",dullen' ,n". No)"" and ,,~Ie,gucs (1m) n,~",l 'hot ,k,w "",in ....,'"
(0.66%1,) J>I'Otlue~d !I1or~ lig''''"nt .,,,Isi,x' injuries, whi!c f,,, "...in "'1"" (66%/s) ...,,,lled in
'nor-. midlig,m"nlO\I' f.jlu ...... Ie." in ">(KIkey k"<e hll"men". The clinical 'o,ul" of Rio­
,.n"n (1960). !io"""'e,, .JM""ed tI1...ppm.rimOlelj· 10% of T::In<k>mlr ..I,,,-.,,d c:I,h",,-ric '1'''''''
possessed .,j,iblj' nJp,,,mlluml,,r in,uspinuu, lig.",,,,,,,, while the dot",] ",d "enlt,ll>Ottion'
of ,he jn,~"pi""", Iig.tI1~n" and ,he supra,pi""", lig"",,,,,, ",,,,,, in,act,
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Patterns of Ligament Injury

Torn spiMI ligo1menl> "fl!lC'" to !>e lhe
result of t>alli>lic loading-panicularly
shp, .nd f.II, "r tr.um.,ic sponi"g
>ClI.lly with lhe 'l'ine Jt ilsend range 0/
moIlon. Those ",ilh "",,,nlly de.eloping
"""" 'J-'OIIllOmS.nd 3Cwrnp.nying spine
inf>lJbilily ca" otten ,,'COUnt priCM' inci­
dent> in which the Ilga""'nts could ha""
ix'<!n d.maged, If ,he ,rauma,ic e.'~"l

OO;v" al ....,)I"k bullhe del¥~1 >Cq...eIl-lC
develop laler during.n eve", Jtl1on1e, i$
,his c"""",,,,,,,1JIe1 "''living ,hese typo." 0/
If<'($fionl t'C<Jvi'~" J wlid vnd<.~tJnding

of injury mech>oi,.,.,.;.

Figu,e 4.lH (nll'8"" fiber .",rtgem<-'f'1 in ,~ lDF bind>
'~lumb.1, e"'-"""" m""'''''.nd 'cnOOns from'~ ,hor.de
mUle"" 'ng"'''''' OS 'hey ,"'-"'" '0 '~soc'AI .u""h""",,,
lhu>, """ of ''''' f"ror,'""", 01 ''''' I DF '!lfI'!OI' to be >cling ••
." me",n"" ........... ''''i.....uium-----,ond, ",'uroi .,b<kxn;""I­
I,.<k 0011.
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These rould I>< run.id.r<:J '0 "",re,.""
,he Ii,';ng 1'OI",I'lion. Giwn ,he ol>li'I". fih••
dirt'Ctlon of the in'el>pinou, mmplCJl (....
figure 4.J 7. I"'ge (4)•••'el"}' likdy ""-"""'0 or
in,.",p;noo, lig..".nl d.n"ge i, r.lling .nd
1>n<lmg on one, hehind, ,Iming ,he 1"'11"
f"'".....,..lon imp"'" .nd .-re'';''II' po.,enor
"'••ring or ,hc I"m!>., join" ",'hen ,h. 'P;fI<
i.• fulll' Oexed, '1'1,. ",'ersP'no", li!!"men' i.
• " ..jot- Iood-I><"ing ti>'ue '" thi••",mple
or high·ener!fl' lo.ding ch ....c'eri'.«l hI'
""erio.- "'..r ,li,p1ocem.m co",hined ...·i'h
full Ocxion. ConSIdering ,h. " ..il.l>I< d"•. I
I><li..... ,h.. d.m.g. 10 ,h. lig:lments of ,h.
,pine, I"nicul..-Iy ,he inlcr>pin",u, complex,
i, not lI\;el)' duri"g lifting 0. OIha nom,,1
OC<ul",ion.1 .ct;.i,i.. , R..h.., lig.me",
,1.m.ge .eem, '0 ""cur p.imarily during

' ••um"i.· "'''n's, •• de",rib.,J ""dier. 11>< 'ul""'I,,<n' jmn' I""i'l' i.....dll:oo.... n Il, ..."dewe
Orthritic <h.ng<' (Kirl.. ldy-\\'im, .nd Bunon, 199!). Wh" h.. been ..id in rderence 10 ,h.
~nee joim. "l.ig.m.n' ,bnuge m..ks the beginning of lhe en,l." i.••1"" .ppli..hle to ,he ,pin<
'" t<n", of heing the ;";,i"".- of ,he e,,,..de of degene"""e elunge.

Lumbodorsal Fascia (LDF)
\ I'-Me. (u'\{t~",.J i","-"'l"'-""'u"" of,he Iwnbodoe:s.1 (,,6. (LD f) (.Iso""lIed the ,horao.>lwllbor
f.>d. by"""") i, p"",i,I..11.'.... , ,hort .n""",ical ,J",,;rip,i(>n is gi"en h..... Firs,. ,he fa>ci. h"
honl' ""'ehmenl< on ,he ops of"'e 'pmou, I"'''''''' (crcep' ,he "">neT U In m.n)· inJI,'Ju.lsj
ond to ,he ]><»lerior-,ul"''''''" iii"" >pin"" (PSIS). So",e f.",;.1 <u""e<.~~,,,, ,ross ,he mid Ii"•.
.IOgge'lin~ ><Xl,. IOn:< ,..n.mi"""', ,h", rom[d<1ing ,he floor .""m,l ,he .Women ...i,h ,he
pt<,,-io,,>!y <I,,,,,rih,,d .bdomin.1 f•...-i••n'enmlj--. The 'r.n",,,,,,,, .I"k,min;' ,,,,lm'ern.1 "bh~"e

Ill""""" ob,.i" thelr I>o>"nor ,narh,ne'" to ,hc fa"d•. II'l docs ,he I"issi,"", dorsi 0\"" ,he "pp""
regioo$o( ,he f.'Oi" 'I'he f.>d •. i" """pring ."",nd ,he b.I,~, fOnn,. ernlll""m"n, ."",nd ,he
luml",rcne"""" (mul,ifi,I", ,n,l P"'; luml">rum groul" "filioe<»ulis ,nd Iongi,,,mu,) ",.I h"

1>e<."J\ Imphco,cd In <"''''''rhne''' 'lTIdrtxlle
(C,rr el .1., ln5, S'j-f. In7j("", figurd3ll).
R.=n, .,tu,li...nrihu'e """, "TeCh,n".1
rok> to ,he LDE I" f"., ne h,,·c recom-
mended lif""g ,ech"i~ue' N>ed on the..
hypn'h..... Ho....e.'.., "" 'hey enn,i".n'
",'i,h eXl"'mnenul ,-vIJence? Cr>,-o"et<\;I'
,nd rolle.gues (In1) origi".lIy ,ugges,ed
,h., 1.....1foree, gen....'<~1 hI' ,he ;n'ern.1
oblj~"••nJ IT.,e"'."" .bdomini, m",,·I.. ,re
"",smined 10 the LDF ,i.,hei, "urn",e""
10 ,he 1.'....II\{,,,I....",I,h" ,he f,>ci. coul,l
'UI~">r1 ",b,,,,,,,i.1 ext."",.. ""."enl>. Th."
hrJ>Olh.>ited ,h.. ,hi. 1"....1,.".;0" on,~
LDF incre>>cd longi'rWi1l;l1 ten>ion bpi,." ..
of ,h. ",~I.gcn fiber obll~"ity ,n ,he LDE
Clu,ing ,he JX"'erior spinous l'''>re<>c< to

""".. 'Ol("lher, r"."llin~ in l"ml""""c"s.Oon.
Thi, prol""ed sequ."". ,of ."",nl< funn"l.n
.ttrar,i"e l''''I'0<i,ion htt.usc the LDF ho>
,he hrgesl mo"'en, ,,'" of ,II ,h. C".n"lf
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fiJIu,e 4.J!I SI,,,", Ii""" in the lDF indic.te lh.lt th-c
I.,i""mu, dorsi i. ,he rlorm"",,' force ,etlvatOf_,lt Ie."
in th i, exd"'f'Ie,
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,f,,,,,,,,. A" ,e'ult. ,n;' e"ensor iUrce> ~i,hfn

,he L[)~ ~.,,,,Id impo>< ,he ,m,lle't cornp",,,i"e
I,,-'mlt)' to ,,,"eb,,1 <unponen'" of tbe <pine.

Ilo~·",·tl, three studi." .11 pobli,)le<I 'Wut
,be sa me t im e. coIlccti \·el)· eb.n. nge lhe ,'i.1:>i Ii,)'
of tIm 10;1",,10.,;,: one I»' '1'<,,), .n<1 mlle.gue>
(19Bi), "'ho pe,fo'm«1 merh,nle.1 t"'" on
C"iI,l.venc m".,i.l; one il)' Macin!"'" ,nd col·
I..guo> (I'!l'li), who r<cogni",1 ll", ,n.,orn;"1
"K'>I1';stC~K·k;with the ,boo",;n.l ..." ...oon:
,nd on. lor ,\l<:Gill ,nJ No,m.n (l9BB), ~ho
te;led th. ,i.hili!}· nf LDF in",I,'.m.nt with the
Io""imo' do'SI .. well os ",,,10 the .lxl"mi".1
"'uid.. (= figurt ~.J9), 'The"" ooll=i,'c ~,,,h

,I."", th" the LD!' i, not. signifiemt .cti".
extenSOr of the 'pine, 1'o:'0""th<le.., the LDF
i, ...rong ti""" ,,'i,h • ,,'cll--<k'-doj>ed I."ico
of coll.gen fihe", ,ug!!""ing Ihu ito funcr;"m
'''OJ' !>C. th.. of,,, <xten!lO< muscle rcrin:K'Ulwn
(~ul ,nd ,\ loci",,,..,, 19lH). 0' n"u'c', \>.10k
i>ch. In ."'lition, the f.lsci. do"," """..in hoth
Ruffino ,nd Pae;n;m cr"l'u"'I", tOllether with
diff""" innel""tion (Yahi., New""", ""I R;,~rd,

199>1). The lendon, nf longi»imu, ,horaei, ,n,1
,Iiocr"""li, Iwnl,,>ru'" p'" under the LDF to their "<Tal ,nJ ili.oe nuehmen\<. It 0l~"-""" ,ru.t
,hc LDF n";' p"",';de. fun" of reti"",ul.,. ·"".PrOng" fur th<)o,,' hIId mu","lotu'•. Fin,Il)',
,he ,lxlomin.1 "..11 .nJ the bti..,i",,,, dn..,i force. ,M ten';"" 10 the f:osci. ,nJ Sliffness to ,II<:
'1,,,,e tn pR~'ent '!"-'CIOC !}1"" nf "",...hle I",hm,,,. .nd ti,~oe ,I.",age (expbined in <h'pler Ii
on 'l~ne ,ubili,,),

Lumbodorsal Fascia Anatomy; Nature's Back Belt

No cvi<ler>ce jUSlifies spl.'Cific iifting techniques N' involve the LDF I", ".<terl$ioo mlhe spine How­
""-"'. acIovatlon <i the lati,s;",,,, dorsi and the <k.>ep abdominal obliq"", conI,ibut,," ,niienlng {and
lIabilizingi foret" to tho: luorb.J, Sf'i"" vi;, li", fa>e'a (gu"Jelint" lor aclivating tht.'S<': rn,,,de, arc
f"Th'ide</ in <;hapter 12). Fufll>errrore. the LDf appears!n acl a, a ""inaculum and pmbably fuliill,
a prop<ioceptlve fUflCIlon. Il I, 1'0''' <i a "hoop" around the abdomen. whieh ({lrl$;Sl, of the lor
posteriorly, the abdominal fa>cla ant~"l()rly. and II." aClive aWorninal mustl,," IJll'fally; the thr""
together complete the SlabiliLing COfS<-'i (S'-'<.' figure 4.401. As OOIcd earlier. this ,llso JPllCatS to he an
importanl "laSlie roerBY SlOrage--rec",,"'Y device for ballistic athletes, Iuned by the obl,ques.

A Quick Review of the Pelvis, Hips,
and Related Musculature
A he.lth;' hock ,lel"'n,lo on 1"01'.< l'uncri'>I1;n the pck;. ",d hip' fr". ""n....1re."",,," p"".",.
i, ",\UII)' gene,",ed >t the hil", for both pc,funn.ntt ond "rety ",.SOnS. Further, the pel,'IS
"ts " ,he pbtform foe the .pine. Gi\·.n II.. e«m"", th., ensure oprim.1 hip function
,,·;th ,pine int.gntinn ,Ion,,'" l>ter m this hr...,k, • hrief ,we"'ie,,, of the "'k.... nt ",,,,,m)' i,
p""ideJ here,

Th. I"'I\is i, u,",lIj' :lC<.,iont:J inlO ,h"'e regions, the ilium. the ischi"m, ,nd ,he puhrs.
ArticuJ.tion, ,nd ,m,1I mon"", <><:rur" the puh;, .ntenorl), .nd .. the ""mil;'" ~,;n" ('"'.
figure ~,41), SC~"Cl..1nc"'e hIt.:k studj", hi,,, six"", thcs<o to he l""en,,01 c,,""" oj I"in, P1'<>bobl;'
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~-,;;,:::: :ji-:..:;:_~'';-'-;-~

Figu..., 4.~D The ,ilidomi",,1 I.",i>., an'«k><ly, and ,he lDF, fl'O',,,,iotly...e 1"";"" 1"'" of ,he
.Won"",,1 hoop. The 1.J1<""i .octive """""lalUre IprimJrily the 1.J'8'" inlem.ll oblique and "",,,,,,,,I
obIiqo.>c "'R"'r.... wi'h ,n., 'mJller If"""""'" ahdomintol "-""'" 10 '''''''on ,he hoop Id>s!l<d arrows!

'he ""'" reb..n' f,<tO< fur ox<n::1se·rcl,,<tJ i."""" i. ,II< .",hiu,cnu" of til< m"scI"". 1'\0;1,
'nd ili.cu, h.,'e .I""d)' ken descrihed for dI<i' ,,,Ie in hip fi"'i"" atld "ahili,..ion, (;Iu'",,'
m"imu, is prinuri1r' hip e'''en",T an,] ""em,1 rom",", ~'hile glu'e". me,]iu, ,n,1 gil""'''
mmim'" are primmlr aWu<","T< .nd 'h", IT<~n,,.,,k)U,I;'imIX)T...n, fur.n)' ,<",,,-it;. th" "'4ui""
sitlgle-leK "a""" or If.i, u-ith dirtttion.1 ch.ng•. '11l<y .",j" ,h. spin< "'u""'ul"",,, (SlJch "QL
'nd ,he ohl;'I""O) 10 00101 ,he pel"j, up during singl,,_leg suP!""'" .n,] thus ar" hy pia)'"" in
'pme ..al~lity ,lunnK g';" Th<')' .1". e",em,lIr n,"'c ,he fumur, "hi,:h". fur.t-ti<",.1 fc.tu'"
~'e ",ill use '0 full .d,..n..~ in die design of"lU" <xo",i"", l..<r in ,hi, hoo•. 11><", "re uth<.,.
"glu,..I" mu",te, kn(l",n ., ,he deep ,i, (piriformi" obu,,,,,or in,.mu, ,nd """mu,. gemell",
"'1"-'TM>r mol infeno., 2nd q...,I..tu. f,·mo.i,), "hlCh 'og<~h..'T ..';<1 m <'''''mllong in'eflUI2nd
""um.1 " ...dOl'.

'ne m"scI", in ,he h,mstring group (bi«1" femo<i,. se",iten<!i"",u" stmim""''''''no,,,s)
extend the .h,gh, II .. ,he ~n"", and I"'rfonn ,uhili"mg roles 'WeT o:Ieh of ,h....., ~,;n", In mm;'
nprigh••itu..~> l""t;cul.r1y ~..Iki"g mol running> thei' m,," ""porn,,, role i. in "h"'long"
""i,h <CCeI1"ic <o"''''et;on, Y", in ..oopeJ ""'lU,es. I"'rticul"I;'lil1ing, ,he h,m<tring grouf>S
ore "ery' impor... n' fOT ,heu- contrihution.to hip "'tension. The """Ii,1 thigh mu.c1eo "lduet
'h< th,gh, Th< qu.odtk"J» CJ<tmJ 'h< 1m,,, ond pr",idc 2 po,<ll.r 'endun ,...eking f",,,:,ion, One
m"mber of ,h. -qu..... - rectu' femori" C""'st, ,he hil' ;oin, ,",eri-orly to cre..e ~ip l1e,ion.
"Tigh'" h,m.trings oreQI1.n bhm"l f"T hod "OIlhl.... bu' OS i, !IO'.'] "",...1'im", in ,hi, hook
,hi. 1>1.. ,,,,", <>ftc'1l misJ;"-,-,,oJ. Tb" hulk of "",,id<n.:e <llpporu nei'her 2 Ionk her..-<"" 'bu.-trT
h,mstrings.,. p.....ljctorofhaek ,,,,,,hie, nor the idea ,h" ..""ching e"h.,,= strength outp",

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material
fUrlCtion,1 An.J~ of the lurrbM~

Gr."'.r trochanter

•

Vatu. 1Illerllli

,

1',,11ormio

'­_.
___ OlJI"'.lor

"".r"""
-Obtul.tOl

e>:temus

fj8"~ 4.41 V""" of ,he reiv" ,nd hll'S. T"S'J'ho>t ltry r"""llon lO ",Nli,e .nd ere,lte hlp flOW.,,-,
,,' '''''''. ",. "... .....;on, ,,,'" •. '""''', 'I"". "....."".. '" _"""" ••-1 , '''/0''.'. '''" .0. IC"-,,'p, IL ,,""". " .... ~"', ",.
' .." -.",. ....""'"""', -. ..........., i()(l;.•__, , ....... ,.,...",. , ........ '_',. ".

(c.g .. Fowles N.1.. 1()()O: A,'d. <t 11., 10CH) .nd offer> no [>I'OI"",i,,, ,..I"" 'g>in" injury ri,~

(e.g .. Bl.ck .nd S,<>,-",<. 1001). F"nnenllu,e. wn.. i. oftc." onriL"",d 't> "h.m.tring tighu,.,,,,•
is .<'tIl.i1}' neural ,en;ioo "" ,hat ""''''hjng ,,,,I}' "'o«en. ,he Lo<~ .nd radi>ting I,,!!, 'pnplOm,.
Tho,.., i, """'0 ""ido""" 10 ,ugge" ,n.. h.m"ring ,,.,,n,. ""n Ie..l '0 no",.1 'en,ion (Hu'ler.
1989)•• Ithuugh moro "ft"n ,he ""un:e "r the ne",.1 ''''''IOn i, ........i"",1 wi,h • Iwnlnr nen'e
root or cen...1sten""i..
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Training the Hip Musculature

No $ir>gle exe<ci$e Can train aJl hip m"",I.,,;, although there "'" $OITM: I"'rticolarly good one:;. For ex.:unple,
the orl<'-Iegged sqoat i' I"'rticolariy functional, 'ince quadfia!J" are aCl''''' for knee ."tCffilon aod I"'t"la
cOll1~. ha""'nngs lor knee Slability and hip e>:.tCffiion, the gllllcals /of hip c,lCnsion and hip abduction, and
the ,,,lduciOrS and g1LJteal deep $i, for hip stabilization, Another dinical i§WC i$ the peril in trainir>g hip fie_ion
JlOWl" gi""n tr.e a$sociated Ioadmg of Ir.e lombar """", Thi' i' usually~ for those woo 00 1008"'" have
p""'.....'raining hip fie_ion oilen r(~.rds prOS"-'" tow"rd the climinOlti<)(1 of pain. It is uwally wise tu build
cxteffii,'c spi"" liability prior to progreswns into huiirling hip I""vcr.

c.:miider;ng 'h,,"" ",o,,:k> dt1"'~"'tr""" ,he '<emendo'" number of ,hem ,n., em", 'he h,1'
join,. CoIlcai,..lr. they.,.. .h1e '0 create .igni!"",n, I"""".•nJ ,hey a" direc' Ii""" in , [10"'­
eriul ,nonne, ;n ",.ny direcn,,,,,- In mmy c-."", ,hey .... 'he m.~" powe, sou"'" I,,, fuoction,1
p<TIorm,,,,-,,. SI><X"Ifiall," ,h." ""'al< >nd (lin'<' fun:< whil< dunging I<ng<h., "I"d 'I'",:d.
,\1>n,· of ,hem <roo< both the hip .nd knee jo,m. indic"ing th" f"neti"".1 ,raining m"" inw'\'..
",b ,h., <h.llengel.:>,h jo;n" .. dlife,..n, ,..loci,i"" Furthec, ,hi, mining must ioco'T'::""e
1.«",1 motIOn m<l rot,noo.1 mo.,,,.,;n ,he '"n."«",, plm<.

Clinically Relevant Aspects of Pain
and Anatomic Structure
Rec.11 fR)ll\ ,he in"",lot~ion to ,hi, book ,hat ,i",", d.m.gc con .he' ,he biorn«h.n"" of.
,pi",,1 ~,;n' md 'ha' ooce ,he hio",ech.nics n.,·e <hanged••ny innen.. 'e,1 'iN," em he the
"..ndi,h,< for '1'''1''''''''' P.in "rigin..'" ~';,h ,he fr"" ocn" endings of the ,·.n"". I",i" ""'CI>­
tors ,h., 'l"pollrfunn ",,,II n<"". fil:>crs. A, noted b,· ('"""", (In I), n'" .11 ohhe ",,.11 f'l:>c",
origin"e in l"'in rt'<l.'I"'or,o Some origin... in o",m, ",,,,iti '0 ''''''1''''''''''', prcmJre, '" ,~he,

"touching" "",,,,;"n'. P.m .Iso n"i' b< ;'",i.,,-d .. higher 1e I. in ,he l"'in I,..h~..l"' I I""'e md
rolle.gue, (1977) demonstra'ed ,I." moch.n""'l prcssures "" the dors.1 root Il"nglion 1)1"0<1"""
.1i""'..g", Ii... up 10 15 minu'", foll,,~ing ,Ii< ,0"",,·.1 of ,he m,'<hmol pre,"ure. In >lldi,;"n,
c.,..",ugh (1IJo9j) .ho""d 'ha' n<r", endings.n: "n'''".... to <h"",;".1 nl<d,.."", rtl..",d
during 'i""e d.""ge 'nd i"O'In"'''ion. Some studi", h'-'e •n. ",p,e<! to e.<:ln' i"e inf1'''Hn01ory
l"""""'''''' by ,he inj"""ion of ,·.n,IO' <h"",,,,.I.. For example, cn..k"j· .n,1 rollc>gucs (I 9'N)

mie<-"«d "..TOgeemn in'" ,1.< "'Il"',n of nen" rt,<"p'"'' .,,,und 'he f."", toin" of ,..bl';" .nd
,,,,,,,ned ,h., ,he di",h.rgt froo' the p<essun:-semili.'< ntun"" I.Sled for 3 hours. This flnding
,oggcst, ,h., Ii.."" ,t.m.ge proolocing ;ntlm,m>!o')' pro".""", ""rcon,n\."e to • kmg_bS/ing
mu",1e ",,,,,n. In • ""-,,n' 'um",.ry, C.,...n>Ugh (1IJo9j) pr"",ntt-d t"";OO",-" '0 ,1O<"1Ont'l\' the
l"",sJloIe rule of ...riou, eh"",kal ""'di""" ,h.. sen"lite ''''",0' "''''1'''''''1\1' ,Im,g ,he ]l.in
l",h"-'r SO ,I", l"in i, prodUM ,Iu,ing ""ent, th., .... norn"Uy nonno.ioo" ..\ l"eh """"n,
", he nnde"".",.

Bogduk (I 98J) I,"",'ided.n =<11<", IT";"" of'he i"""-n'.<io,, of]oml>:tr ti><uc>. For ....ml~<.
,he b"et i, "'ell ;nn."..t l "'ith. ,.. rict,·"flo,,·- .,,,1 high.,h,,,,hoId nen....., ",ggcsring both l",n
'ml noei"opn,'o fun",io F"", ""n'< em~ngs .1", hal'. I:>cen o!>;end ..ound ,he "'1",,11<,,1
I."en of in,<,w"obr.1 dileS.

Tissue-Specific Types of Pain
I h'," h,d 'Ome 1"'rs<.111 UJl<ric""" "'i'h dir«~ ,,,och'niCIl irrita'ion "f",l<cifie k",'l..t'k 'issues
."d ,he """,I"n, p.in. Mmi"edly, these ...."1,,.,.. limi'ed. gi,.. n ,he .ingle ."hjoct ("'y,e11) .nd
the ",I~ecri", not,,,e of 'he ,,",,,,,,,,...,;on<, hu' J heh«" ,her'''' ",...,h ",,,"'tmg non<thek", I
oloained ,"""" ,nsight> f""" i"J",dli"J; £.\1(; Clll"'riu><nts in ,,'hlt'h ",...-db ",<te u",,1 to i",pi.",
fine "ire f,\lG electrodes in the 1"0"" Qt, multifidu,.•nd th'ee I.,..", of the .hdoonin.1 ",.11.
"'.ny re<'I'le hal'. e>pcrie""ed 'he l"rIling sen..lion., ,he ""...lIe I"'"",wes the >bn. Thi, c'
"-u'..",,,u. l",in••• th< '1>pli">I;"n "f it", .nd • hot ,,,..erial feels '''tlil.r. ,\> 'he ,,,...-dle '1~,lies
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p'c.... te '''' .nd PUn<'lurcs lhroul(~,lhc LD~: Ii", p.in is foil ... S<:r.p;ng ",,,,,,non .nd ""me­
tim.. OS .n deane current. T~e '"u'" ,,,n "fp.in i. fd, " (he .....die P"'W"'''' (~'o"g~ ,It<
d,ffe'''''l ,J,..,h, he'w<'en the l'r"" of m,,;ck "f ,he ,h<hni",,1 •.-.11, It .. in"'T<,<,ing ", """,
lh., f1bro<nr.lgi<: j",tie"lS "-,,ncti"'c< ""'pO" ltli, ;cr,,<'h)' 'H'" of IlIUICUI.r1)' ""-,,..<I I";n-I'
i. "c'y con,i'lent ",ilh epimy.i"tIl .nd f.sci. i,rim;"n, O""e the needle ~-", in";de lh. m"""e.
no p.I" ~.., 1"'''''''''''1. I"" .n "ec>,i"n.1 feeling of m""h",,;..1 pIT»UIT. A, ,h" needle "",ehed
,he I"";"mew" "f the .1"b"ln.1 c>,'i,y In .n,· Ioc.,;"", • l!'-"lI<ToJ i"'esti""lI,. "d f<-c1ing ... ,
rrOOl>Ced in ,he .hOOmi",1 region, roc.lseJ ."terio.. I,· 10' ,11,.1I.,e. just helo\\' the n»"I, As
,he n""dle touched the h<",e of ,h. """eh", <...",n ,,'i,h ""y hgh' p""',,,..,. ""T)'I"~n'<:<i.n,1
"lo'l1Ig" 1"'''' ..., pruJu<"J, ,"'nil.. to the I",ill ""I"""""..,,) on heing bd<:<i In the shin>. OTK"
'll";'" th" ",.Je' mu>1 ",.Ii"e ,1:>" (hose •.., ,he e'''''ri''''''... of. ,ingle """",n. "'onelhel<:".
'hey do I""';,!e crud. q".litoti,'c lIl,;gnt i",o the tn"" of p,in p""lu""d in 'J'OCifie ",<ties.

Can Pain Descriptors Provide a Reliable Diagnosis?
P.in i, dc-"I,. product«! from ,i><"e irri""~)Il. I"niall>rl)- mech.ni<.1 ""e,I,>;\,l So"", h.:",.
'rgu.,.) ,h" ,orne ,i",,,,,, n"p" m.)' not be <..",hd..", for .oum""fp,in b.sed un ,h" pteo<TK"
or .b""""" of "oc"-,elm"" """'e ",'di'lgs. Thi, "'Or be • di"e"ion.ry "'W'",."t. If the ,,,,.r1,,,,d
is ,"ffie';en, 10 d"n,ge t;,sue ,od rroduce- biom.clunic.:d ch.nge in ,he ""Ill, then ,he 1o"ling
I"tlem, of ",hcr tissue"IT ,hsturl""L Th"•. "nn 'hough one ti"",, m.y no' h" "'I",ld" of
produe;,,!!, I'.i", if i, i, d.",.geJ ,,,ffi<'entlj'lO ,hlft lood to .no<hcr ",i"l>lr i",,,,,,·...,.) ,Issue,
I"in "..y ",,"1(. For =",p1e. ;,,0<,,·.(,,1 .no"I", ,nJ disc end pl>t.. "",' he "",rce:s of p.in
.. , o:m""I"e""" ofend_pLote froe"',. '>< ",n"l" hcmio'.>n. Bu' "",I_pi"" froe'",,, ""n '">use
>igniflC:lllt di", heigh, loss, ..-hieh ••n l••d 10 ,,""'e e,,"">ponem, <..nlda join' In,ubili,)', sub-­
"'1"""1 foe.. OI''''loaJ.•od >0 on. 0""" ,he hioon""h.nicsof ,he join, h.\-e l>e<:o .Ilert:<!, i, i,,,,,
lonl!'-'T fru,tful '0 ."emp' '" ,h.lfT'O'" 'JX'Clf", ,i""e dmuge, the pictu'" i,compl"". F"oction.1
di.!!"....,.;' i. ,he onlj' k.,ibl< ",,,i-orL

A Final Note
In ,h.. d"l"'''''' rudi"",n"T)' """",,,e.1 ",d b'oo:"",,,h>,,",.IIrn<,,,,ledge 0" ,he 1"" of the ,,">de,
i, " ... ,ned, Using lhis fOOnd..lon, ...n. ,,,,«",,ic-.I ka,""" ,,'er< "",.....,.) th" '''' not ofte"
con,;,Ie",,1 0< ,li,.""...J in d ....e .n",,,,,icol t"',•. Seri",,, ,lilCU<'<ioIl of .n"""'r m"S! inmh.·,
run<'l"'" .n,~ h,' "''''''';''''' "',," ",n,ide, oon«b.me, ",d n."OT 0:"""']. HOI",full,', ,he
fuoction,1 di,.ussio", dltoul(huulltli, "h. I"" h,,'e ,timul,,"') j..... 10 gj,'e more o:>n,;de",tio"
'0 the .",hite"'"'" of ,he lumb., '1".... The eh.llenge for lhe scio",i,t .nd diniei.n ,li4 i, (0

b.eo",e o:,m·.".n' ,,-;,h ,he run<'l"",,1 impli",,,i,,,,, of the .",,".n,·, wh,eh w,ll guide ,100';,,,,,
!oJ 1k,'<1ov the "'Ost 'I~''''l,ri..e ]It'''''e,,,;,,,' I'rogl1l"" for d", w,i"j"reJ .nd ,he hest ""'U'>e""
fO'l"lie"',.
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CHAPTER 5

Normal
and Injury Mechanics
of the lumbar Spine

Ch.p,., ~ desc'ril>eJ ,he ti....... 0" ,he .n"o",i,,1 1"""" .nd thei, n::>k in fllnction, ,hil dUple<
w,lI ,k",rihe ,he no,rrul moch'lllics of ,he whole Iw"ha, ",iM, Si".. most hi,.nech.nU

,<:.>" I""';dc de-scrilJlions of ,pine ,not;"", I will oddtes> th" only LrieAy het<, In;re.d, I will
Foc", on the f"""I""'.1 implie'U'on, of lh" ,ootion, "hieh ore f.r 'not<: imllO<l.n!. I will ,I..,
expI,in inju')' mech,ni"", .n,1 the eh.nge, thot f(~I",w iniu')', ',.(><l,n...-.,,}' «Ill.in,,, 'n whe,h«
!hese eh.ng<." .re • """,e4ue",-" of inju,)' ur III f>l~ I~')' • cou,",i,'e rok,

Upon c'OInplelioo of ,hi, m'llI«,)"" • ill be .bk to ",pl>in ,he role of,issues in ".rion, t..1<s
.nd eonS<'I"cntly it\entlf}" I:>ock."",ring teehniq""" In ..lolition,},," .;llllnt\e"ton,1 the clung<>
,hot follow inj"'),, ",Iti"h Iu"e m ,ml"'" on fu",-tiurtol.bililj· .nd ,,,h.Lili"t"'n de"';si""s.

Kinematic Properties of the Thoracolumbar Spine
The ""Il'" of till"";'" ."d lumbor "'!I'"en..1"'Ul.ioo .bout the three 1,,;,,,-il"'l ox.. (show" in
..hie S, I) demon""le the g..".r O.li.,., ...tension, ,nd l"c...,1 hendingC3p.lhili'J·ofthe IUlllbo,
~n mtl the «btn'.I}" If,."t<' tw;"ing cap"!>jlilj' of lh" th"ne;' «gi<." \ \'hile ,he '"IfIllc",,1
t."ge' silo"," in the ..bl" ore pUI'ulitio" """ges. keel' ,n ",ind thot , large ,~ri.b;lit}, ..is"
.n""'g people, .m(l"g.ge g'''"!,, (,\1<:Gill, IIngiing, .nd I'e><h, lW9), .nd """"g «",,,,,n,,
.'i,hin m ,ntli\'~I",1

JOillt stiffness ,-.Iue. """'''~' the ,,"o"lll uf ,,,,,,,I,u,,,,.1 .nd tu"uun.1 dcfon".tiun of.
sl'i.... sect"", "nder the '1,,~i\-.,iOl' uf forc< 0" '"",,'<n!. Th. "'e,,,1i'" stiffness ,'.I"es (sho,,'"
in "hie j ,1 ",mpil«l hy A"'ton_.\lill..- ",d Schuln. 19I'l8) document the tr,nsl";o",1 .nffne»
of the sl~nc III • """".1 posture, they indi<.-.t. gr••t", stiffn.ss "nder COlnJ'''-'<;;oo th.n uooe.,-

<:""ICA'
R"'V~Nn Motion Palpation------Pathology or Normal Asymmetryf

Stiff",-'SS asytm1l'lri", during bending 10 the ,ighl Cornpare<llo the k-h and during twi'ting ck>ckwise
cornpared to counte~clodwile;ll spc<;ific ....'!lCbtal levell ~fe "Ol un<;ommon, This finding is of
gre,ll i"lJll't.Jn<;e to the clinician who ""'Y >OOle!i""-,, WSpecl p.>l~ogy at a lfJ"Cific k>caho-n buI
i, simpl}" eXfI"fiellcing oormal aO.:llomical "'yrrrnelry,

Rl'<:cnr """" by Ross and colk-agues (19991 ex~ifi", lhe 11I.,-,1 in assuming thil1 a jo<nr wilh
an a5ymme!,ic l<lel upon P.,lpalioo is p.:>tOOlogiClI. (Iinicia", wllo hold to a typiClll'\'l()(ion p.llpi1_
lion philosophy will oil"n identitY an aboormal k><!ling al" lfJ"Cific ",inal k-....I '" lhe larget. fOf
th<-rapy. Soml1i",,-,< the ~'yrnmt1riCilIMiff"ICSS ""'y si~ybe ilSymtT1(,1'ic skeklal aO.:llomy-po:..,-h.lps
a single facet with" uni(ft>C angular Ofient.uion, Olwiously, such" joint would be ,";Ili,'e to any
"rmbilizing" thefapy.
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Table 5 I Range of Molion of Each Spine level (in Degrees).
F1....... ond
e,I.~""" 1.01....1

l ...1 f1....... ~""'b;....J hie"""" "'nd;~ A.;.I twist

Tl·2 , • ,
n·, , , ,
n4 • • ,
14·5 • , ,.,. , , ,
'" ; , ,
,,. , • ,
", , • ,

19·10 , , ,
no.\\ , , ,
n 1·)2 "

, ,
nUl "

, ,
l\·2 , , , ,
U-J '"

, • ,
"4 "

, , ,
14-5 "

, • ,
15-S \ , , , ,

...........om,.,.. MOl _""", "" ... """" ......-.on ................... __-.,. .. " ,,_, MOl-.,.

Table 5 2 Average Stiffness Values for the Adult Human Spine

SHEAN BENOING

Spi""lewl C"",p. A~t.I""'1. ",. Flu.lht. ",. A.;.11or"""

Tl-T12 \2,0 ~, '" 1551189 172 '"
L1-l5 ~, U51UJ m ~,~ " U,
15·S \ ,~ 'W, " 1101172 ,~ 'M

u..,.-MOl ............__"'_ ..... __.....................""... "'__.............
"·1" um ""...... _,,,,,, t,-l5 .... ..., -.. .. "'- ".", ....__ ...-... .... ".>1" ,'~,..,

"..' ""'~ ..... "......

.11"" I",,,k In """;"n.lll""b. great,'T "iffn"" ocmrs during """I '<"'_>0 th,n durin~ ,,~a·

'ion .lJou, the /l<.J(~'-.:<I.n<ion."d 1>t<l.lbr",li"ll" ",<s. l\1ln. gen<r>U)" ,nc "nl>" "fmo.ion
,\<=,,'" ",i,n .ge. <:ert.in injuri.., portio;"l.rl)" 10 ,he Ji"" (';In ;"""'• .., lhe r.n~. of mo.;on ;n
""nding ,nd "he" trmJat;on (S!",n""r, ,\\ill.r, .nd Schultz, 198.,). Kirhld~'.\\;lIi, and U"r~>n

(1992) il"pli<-.,«l m<>e 1.1)« unstabl. nlO'mlent< in f,<"t' join' d<...ngcm<1I1. R«."tnt d.'a n.,.<
'1".n,i(,,'<1 ,h< '''''n,,,,,,;n ,h. "nge of motion .lJou, .11 ,hI"«: 'I';ne .... "' {\;'" dege......tion
PT""""h from gr-.de I '0 gr.ul.. III .n,1 1\, 1t:,,!;,,1 'ea" of the .nnulu, '''' m,,,' p"',-.Ient in
,n,,,,, stage•. Bu' 'hi' atr-. "'Olio... i' rqdo«d Lr <"'m"c 10" of mOlion in grad< V diso, ... h.:n
.re ch.",-",c';,.eJ I:tj.' 0011.1"<' .nd "",<:<>ph),. f",m"i"" (hn.~.<' .1., 200 I).
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As 'he 'I"". ,n,,...,,,, ill ,b •.., din,""';o", (Aaion-<:'<'cl\';oo. b,.....1b<nd.•nd ,,..i,,). ,ll•• Iign­
me'" of m"",1e '-«;lor, clungtO' "ir. ''''J'OCI '0 ,he ',,"el:>r>l orthopedic .xcs This ""use, ,It<
",k ,,j the ,..riou, musd", '" c":mg•. Sorm~;""', th.i. ,d"j,-c <"ntrjlmnon to pmdocing ,
,!><riC" ,oo,,,,,m '""'!I'" .long ,.-Ith the ,<-<"Itom ;Oint ,",JIll,......;"" .nd 'h",r, .\ l"s<k length•
•nd ,heir Il1OInen, po,enti.1 os , nm<lion ofspine posture .re ,1>0"-,, in ,.1:>1. 4,2 (I"g<: 55) and
..hie 5.J.'\ ...n~ of ..Ireme f""u,,,,,,, ,hu"" In figure 5.1. ~."e mkI>Clc." ok"" to ,he ,pine
ob'''><I<ly do "'" un,krj/o il""'" len!!," txrursi"rn.

Fi~u.. 5.1 "range 01 ~"""'" po<IlHe'l wa. chooen ,,, .<>es. m"",j" len~th changes (Iable 4,21 .uxJ their pole",;al t"
pfOduce 'hree.dimen""",,1 moment< Itable 5,31 """UR,< "'-,,;c,od ..e (.Ii uprig'" ,wxJlog, 11»60' flexion, Id lS' R lat,,,-.I
bendm!\- rdi 10' twi".•00 Ie! combIned,

lumbopelvic Rhythm

Spinal flex"",
and pe"-'ic Tlltir>g

Spinal
flexion

Uprig"t
standing

The tyflical "'-~riplion oI,()f!o fle.iO<1 SU~t"Sl5 th<tt the fi", W of 10fW fle,ion takes pla~e in the lumbor
!l~ne, while any iurther tle,i')Il i! ...:compli!hed!Jy ~e,ioo aOOut lhe hip! (>ee fogure 5.11. Although this
OOIioo i' very p:ipUlar in c1lnicai
rex1lJo<>K., we have neve< "",aSUrt'll
IhiS strict §equence in "nyone, In
iad, Olymp<~weighllift"" atlempl
to do lhe "PIJO'lte--thl-oy loci< The
iurn/.>;lr spine close TO the nevl'al
position aoo rotate al""'" entirely
aOOuI the hlp!. Whcon the lum""r
spine and hip i~ay f! quantiflt'd
in rrlCISl people, IT is "PP"""'t lMt
t{)(';() fte.ion is Mcornpll'>hed with
a combir""i"" 0/ hip mo.Joo and
Iurnb." spine flexion In fact, g;*"
the 1'8""",m and annulus stre:Iscs
associated wilh I"moor ftc. ion,
awidance 01 full spine flexion is fi3"" 5.1 lhe lumbope!.ic rt.,1iYP1 i. tl",~ r\el.<'ipl;"" r:J how f"'OllIe
both prophylachc aoo Ihco<""""nc fx.nd """. The fi'" W' Idk... ,>oKC in ti'"I~ """" (t1el<ing), ."f'ilc 1"",,,,,
f", ""'" pJlicnt\. The bcHefth;ot thco rOOt d tl>e 10<10 is accorT>pIisl>ed with root"", aOO.t ,I", "iI" \W ha\" """'"
lumbopelvic 'Ilylhm {wilb distinct m<" C<l th.. !I<"""""'c In an\'O'"'C'-from 1'")(",,,,,,,,,1 .>thk<:c lO lM<~ f'"I..'r1I.

""",ralion of spine and pel.ie moIkml is b<><lefkial. a! described in <0 many textbooks, "ppe"" 10 he a clinical
rnyl" and I1OItl>e ptQdud 01 quamifil'd 'Pine and pelvi, motion,
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Kinetics and Normal Lumbar Spine Mechanics
In'e'll<eu,i"" of the Ii.mcrion of the ."",oonie,1 <'011'1'0"""'" of ,he lumw spin< Tt.'luirc..

molp'. of ,h.ir ,n;hi,ectu'e .ml neurol o",i,."ion of mu>elc.., .nJ

kJ"-"'l<xlge of tOr= in ,he In<!j"idu,1 Ii",u.. (Loth ...~;"e ,nd I'""h'e) during. ",id•
I·,ricry of ..,~....

Thi, Infonn.lion I' <rud.1 ror unde""onding how ,i""" ol..-r!",ding .nd I"iuri« ,"-cur .n,1
,I", li><ol'limi>ing"elllnem """eg;es fo' specillc spine inju'y. 'lol>le 53 .nd f;gu'e 5.J prol;de
"",i,.,cion b'e!, qu,n,; fi cd wi th ",rfxe ond in',.,m uscuL.r ek'<1mm),,!!,",,phy (Eo\IG) fou ,.,rioty
of ,or><> mu",1e< ,nd OI"t 0 I ri<~)· of..ti,·i,ic'. Th<:« "·,111,,, ,dert«! '" 'hroughout ,hi, boo..
Thi, """ion "ill .dd,es, ""' 1i"ue' ,nd oontro"''';'' 01:>010' the funai"".1 inte'l''''''lion of
the tho,xoIwnhot ,,,,,".ny. GI,"n the irul~1 Il)' of the d mi<i,n ,ml onenli" '0 """'u'"" I"di,;du,1
ti,,,,. for..... in ,-in). ,he onl)' ",,,,ble ,~"ion Is '" u<e "",Iu",,,,wd ,,,e""'mne,,, t«:1"uque,
'0 oollect ,·,rioo, bioIogi<.1 si!!".I, from li"i"g suh;ea' .nd inl<'W"'c then' "'Ith "",hi"i<"ed
,,,,,,klin!! 'pp"'oche< to ""In,,'e "",ue 1",,1•. In eh,,"e, 1, I ,!esc,ihed hriefly ,ho 'echmqU< "'e
u"-"<I to ,,,.,,,, the ,.,riou' i;out< III ,lot< duptcr (,he """,,1 'pine).

Loads on the Low Back
During Functional Movements
Of""uno<. "" one "OIl ,mid p<rfonnin!! ""untl.·.. funetion,l """",nen" ".-e,y d.), An,I ifl"UT
I'",ie,,'~ funn ,j I""" for .n)' of toose """·eme",,. he i, cxoc'erh..ing hi. 100.. h.ek proIde,m
,imilly bj' going OllOU' hi, busi"..., Thu,. )'''' mu>, be .ble to .n,l)"", 1>0,,' j',"-tr I'"ie", nlQ\'CO
in ,II ",n, ofonlin,")' situ..ion, '0 ,hot t'''' e", Identifr .n,1 ""pl,In ~'he"" hi, pmblom. lie.
• nd how to ,,"''''<1 them,

Standing and Bending Forward
s.c.·eral 'tudies OI"r the re," h"'e ,hc>.I'n the fl..io,,-rcl""'Hln phenomeoon. or the 'pporen'
,n)QCkc,ric ,i1e"CC of ,he\u... hock e".""" "'uscl<:< during, Sl."di"g-'o:>-full-l1e,ion m,neu"cr.
Th. h),I'0.h<9, h" hcc" ,Ju" .. full I1..Kon '",-'Ir:>, ei,hcr the exton,,,,, shu, do,,'" thei, """"I
d,i,,, br rel1"" or ,he I""i,.. ,,<Sue" ';mpl), ...h the lood., ther ""I" under full "",ion, A
"ud)' bt· ,\ll·GIII.nd Kif'llC'S (1m) u,ing '~e ,'inu.1 'pine ,pprooch described in ch.pter 1
"u,nt;fied i",!i,i,Io,,1 ,i"". furco" Ihu, .d,lj"g nmre in,igh1 in'o ,he "",Iero'",ding "I' ,hi,
..,I:. A. one bc"d, ~,,,,·..d, the 'pine flexe. ",d ,he en,,,,,,.. undeTSo e""entric cuntr.c·
,ron, As full flnlon i, 'I~"oochcd.the p..,i,·. ,iSSUe< rapldl}' uke o"er 'nomem (,,,>d,,ctio,,.
reli"'i,,!! ,he musd", of thl, role ,n,1 'CCOUnli,,!! for their mrQClcctrlc ,ilencc. Figure 5.4
,h"..., ,he ,doti," mntrihu,i"" of ,he mu",1cs .nd ,he p,,';.-. ,i«u.. (Iigamen". di",. ""I
gu') to ,h...oc,ion mOmem ,hroughou, ,he ,,"We,nen,. ~'hile ..hie 5,5 documents ,he
distrihu,Ion ofti,,,.. force,.n,j their nmme"" ."d joint lo.d consequence, Imere"I"gl)'.
,he "rel"""on" of ,h. luml.., exte",o, mu",le.. 'Pf'<'l".J '0 "ccu, "nl)" in .n ele",";",1 '""'"
hoc.u.. ,he)' gener..cd 'u1><...",i,1 forte eL.""..U)' during full spine flaion tl"""gh ""elehing,
Perh.!" 1he n,rm fl"K",_rel,.."ioo is iYl,lppn:>pri"e. ponirul"I)' I()I' those wh" mol' he .tle"'pling
to minimi", foe= i" the m",de", dmicll "otting<. Furthcrn>:>re, the "'eo' k..ding is ",I><t:ontiol
<sec choptct4 for. dj""",jol1 of the Ilgonlt"unJ ,nu",le dlrcrtion, ",d the 10<. of"'e.. '"1'1'''''
in the ..len"", ~ ith full l1e.io,,) ."d "'ould <ogg<:<' ",,,000 fOr ,hose" ith Sf'O'l~'loll"he<i, or
",he, more sulKle "'.., m".I~1 i,k",. C!c..I}', ,migh,_leg 'oe \<>uch..or kn«,_to-ch... ,,,,,,c he<
"uuld ,.u'" 'nnil" ",,,,,,em,

Loads on the Low Bade During Lif/ing

D"ring lifti,,!!. "",,,,1< ond ligome", fO",.. "","ir",I,o '"PI"'" the pos,ure .",1 focili"," mO".....

,ne,,' ,mp"oe n"mmoth I,,,d. "" the ,,,in<. Thi, i, why lifting " ....hnique ....' unIK,rto", ".
'edocc k)~' I",k ",olTOen, denund, ,nd the risk of e,,,",,,,, Iooding, The fOllowing ""a",ple
de'no""rooes,hi, coneel",
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,
Straight-l&g ,- (S~

SNled tjp rOl..tio<l
(",terr>al/""lomal)

SIIb~ uprigl1t

LilllOg/>! load (20 kg)
U1 '-"Y load (50-100 kg)

F~u", 5.l Sd ";c doc.u,""",';ng v.r""" ra,h during ",~kh (Me ,ignal, """" """'ned. They ale li"",1 in 'abl. $.4.
"'1'_ '"P"_ lJ. ....., , G••. ,"'- """,. ,.-. , .... "Q.oo'""""'_~"""""h .,...'" "' ................ "'.-..od... -...... ,....., "' _ ..od -. .. """" ,_ JW.'.' -"".,,"
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lin "".wy IO;1<11W-l10 l<gl 16(~18) 5 (~6J ;; 1~41 10 I~l I I 10(~9J 17 (~n) 6 (~5) 61(~12J

S~mmcI"C bucker hold. 20 kg 144 Ib) 2 (~4) 1 I~ I) 7 (~4) S\DI S 1~11 10 1~71 lldl ) (#.)

:10 kg (1)6 Ibl ) (,,41 1 I~1) 9 (:S) " 1,,41 1>1:11 III 1:111 )(:1) 4 \,,71
411 kg 188 Ihl 31"SI 1(:1) HI 1:61 1\ \:6) \>t.21 101.111 .1~1) 1 \.21
OC. 1 1.2) o(.11 2 (.1) 2 {.2) 2 '<ell 10 (0<91 2 ("'1 2 {.II

"".ted ,oom. ""'51 eC'1\! 30 ,.20) 17(.151 1111,,81 4) (.25) 491,,35) 17(±221 7 (.4) 14 (.61

Seal<.'<! isom. twist CW n (.20) 111.81 ';2b;131 15 I±\ 11 161:191 B("IOJ 91.101 1J (.81

S.anding hip ;"'en",1 'Q""ioo 21 (.111) , 0 1,,9) III hi 21 241"211 n (,,20) , 3 1.91 9 (,,71 111(.6)

Standing hlp e"",nal ,ot.ltlon 27 (,,2ll) 12 (.19) 17(.13) 211,,\91 JI 1.171 U bll) 19(.11) 171.91

S;ning hip int",,,,,1 rota,,,,,, \9(:15) 21 (.18) 36 (±31) lO{±301 311.291 IlH±1I1 10 (,,191 12 1:111

Sitting ~ip e"c~n"1 ""a,too 31 (.;,151 15 (~1(l) II 1~91 IS1~171 16(~13J 15 1~91 16\,.13) 8 \~8)

SitlinS """Sill 12 1~7) 7 (,.51 } (~6) } \~l) 4 1,,11 Ill,,91 4 (Jel) SU8)

SitlinS sI<>U<;hcdI,".,ed 4 (,,41 ] (~]) l("S) l (Jel) 4 {;,ll J7(~JJI 3(;,1) S {;,II)

Qu"-~ <I.:ltldirlg 2 (~1) 1 (;, I) } 1;,4) 5 I;,JI 4 (,.21 5 (~5) }IB) 11(;,11)

St.oding ex"'nded l (Jel) 1(;,1) 12 (~9) 61"l) 51"}1 I I (,,51 4 ("l) 71;,81

St.oodinslJtelal bwd, left 9(;,10) 1 (;,1) 11 ("III III 1ot141 12 (;,7) 131;,71 l {;,11 Ill;,!})

Staod,"S I."HI beod, ,igh! (, (;,5) 1 (;,1) 19(;'18) 11\(;,14J 25 U201 141,,'11 3("IJ 8 \,,81

5e.lled I""-HI be"", """"08 I"" 2 I,.}) 1 (~II 11 (,,19J 7 (,,7J 7(;,11) I} (;,81 4 (;,}) 6 \,,71

SN't'd l..c~.1 bend, """i"l; ,i~hI 18(~UI 11 (Jell 15 (Jel6) 10 1~71 12(~7) 17(~2Oi 5U4) 5 \;,8)

Up<ighl 14 (;,9J 8 (;,4) 6U4) '; \;,3J 5 (;,51 191;,HI 5(dJ 6UIII
............ >. ___ ll ...... , ..... Mo(;;ll s.M. '-n.... 1. ___ , .... "00_ ""'_.... """"""'" "'....,"' ......... """""''''_ ....... .....,..,.". __ ........ """ .«_........
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T_(o)

'00

--- DiscTq ligTq _.- Mu;cleTq -- GLlIlq

Fi5~<e 5_~ Du, iog w"d,og k> ;~II ioo-wa,d n"x""" II"'" b.><k 10 ,W,><!iog. t""-' "x"""" mus<i{o,; ""'''''t<iully e",,"oc\ 1"'1
I,a".t", Ih.,;, """"""I Pf""li,'l: ,01" Il>Iu"""Tql to tM p""'''' 'i"o'" at full I.,xion----(""-' di...• IDise1 ql, the bo<kk'<i gut
lGullql, Joo ,I,., ligJ (ligT'lI. Note that """" Ioo-e" ''-'1\.i,,. io 1""-' museles with ","i'" stretching.

Table 5.5 Individual Muscle and Passive Tissue Forces and Moments During Full Flexion
file n-om<.'fII w" 171 Nm!l8 Nm by """"." 113 Nm by lig.oments,.aod 20 Nm by p.ossi"" t1......... >uch •• ,!Ie disc. "'in,'oo
b'dled ,_.) Tho ~'"" "'''''J'''.'''""' w~, 11.; N ."'1 ...... , w" lOll> N

FOIICE MOM(NT(NM) COMPIUSSION SHUll (N)

N f1••i<>n l.I"",l Twi'l N An l"t<lp<>Ot.,;",. Lat.,.1

MUSCLE

R ,,"'''' .bdnmi".. '"
, , , " ; 4

l "',,,.... ,ildonlfni, '"
, , ., " ; ,

Red,,",,,f ohliq"" I W ., , , • , .,
l extem.1 ohl'q"") "

, , ,
"

, ,
II ',"l<'f'n.>1 obI"l"" l , ., , 0 • , .;

l ",t"",,1 ohlique 2 , , , 0 • , ,
II in'em.1 ohlique 1 " 0 , .,

" ." '"L int"",.1 ohl"1"" 1 " 0 , ,
" " '"II 1........1ooliq"" 2 "

, , ., • " "l intc~",,1 obl,que 2 "
., ., , • ." ."

R ra" lumborum Ill) " , , , " • ,
1.1"" I"mboo-um Illi " , , ,

"
, .'

II ",os lumb"wm Ill) "
, , 0 " • ,

l p.of< I"milo<um tlll "
, ., 0 " • .,

R ra" lumbowm lUI "
, , ,

" ., •
l pd" I"",il,,<um lUI "

, , 0 " 4 <
II ra" lumboo-"m IL~) n , , 0 "

., •
Lpdf< luml>orum IL41 n , ., 0 "

., ••
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fORCE MOMENT (NMl COMP1I:ESSION SHEAR (N), Hulon ul..~1 I..·;., , Ani., l.. ior L.l<ral

MUSCLE (€on,;nU<.'<ij

R ilioc<><toii.lumoowm "
, , ,

" " ·,
Lilioc...... I;. lumbonJm "

, • ,
" "

,
~ Ioflgi"i""" ,hot""i. "

, , ,
" " •

Llongi"imus thot""i; "
, • " " "

,
Rqu,..tr.,u, lumhotum "

, ,
" "

, ,
l quadralu' lumbofum "

, ., ,
"

., ,
R I.'i"'m", <lor>i ILS) "

, , 0 " ·, .,
11",,,,m,,, d<ni {lS) "

., ,
" " ·, ,

~ mul'ifidu. 1 "
, , ,

"
, •

I multifid", I "
, , ,

"
, •

R mul,ifidU'J 2 "
, , 0 " • "l mulr;ffd", 2 "
, .,

" "
,

"
~ 1"<'" III I "

, , 0 " • ,
L!"W.llll "

., ., 0 " • .,
R1"<'" Illi "

, , ,
"

, ,
L!"W.IUI "

, , ,
"

, ,
R p<o;>' Ill) "

, ,
" " • ,

l!"W.ILJ) " "
., ,

" • .,
R1"<'" !l41 " "

, ,
"

, •
l po6.>' Il4) "

, ., ,
" • •

LIGAMENT

An''''''''IoflgI'udl",,1 " " "
, , "

fmI",iot kJn&"udin.l1 ~ ,
" " '" " -

lig,lIll<'ntum n""um "
,

" 0 "
, -

R Inte"'."."""", " " "
,

"
, -

l int«".n",.".", " " "
, " , -

R,,'l<:ul.. ,., , , ,
" " -

l .>rtl<:ul.. "
, ., .,

" " -
R .rticul.. 2 '"'

, , , M ., -
L..tl<:"I... 2 'OJ , ., , M , -

Inlt'opinous I '"' .. " 0 m '" -
Int~nous2 '" " " " m ,~ -
Int~nousJ n' '" "

, ,~ "" -

Supr.sp;""", '" "
,

" '" " -

R IUnlbo<loo.1l fa",i. m • ,
" ,m ·, -

LlumOOdoo..I f.",i. m , ., , 'W ·, -
PASSIVE

Gul, t'IC.

,
"

"
"

o,
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,\ m.n i, lift.ing!7 19 (59 I~) IIdd i" me h,,,d. usi"g a >qu>t lift "Jk Thi, ",<>duct> an
""en..,.. 'e"",ion 'nomenl in ,he ""', """~ of 4jll Non (JH ftllh). The fo",", in rhe .-.ri,,,,,
,i,,,,.. ,ho, "'1~.Jft ,hi, rn<.ncn' i"'I''''' • "'0"1"'-"-';'-. k»d on the Ioml"" ,p;ne of ,,',er ;000 N
(1568 Ib). T,lJIe 1.6 rk.~oil. ,h< <"On,ri~",iu", to <he ,uul <"<n,,;on n>o<".nt 000 '" ,he IU......,
from ,he "'"",,ulor """ronen", "l'h"", (on;", ,ncl,hcl, eff""" ore predic,ed usin8 ,he ",phi,_
,ic.t«II1N>dciing approoch. "'h,ch u.c. hiolog",al."gnal, oh"in«1 di,c'CtI,' from the ,ubi"'"
(see ~hapt<t:?). It ,hould be not~d h~,. th.t ;000 N (l568 Ih) or c-o"'I.....sioo I>cgin, to"'"",

d,ma~ in "cr)" "-.. ~ .pine<. al,oo"gll the tolerance of the lu"'bo, '1"'" in an .v....S'" healthy
J'OUng man p,ohahl)' approach.. 12 to 15 1:.'1 (26ll8.JJ«llh) (A,lam, .nd D<~an, 199.1). In
cr''''''''. '0"". <'."I,,,,,,i,-. load, on the 'pin.. of UJrnp<"lJU'-C ",.iglnlrft..r'S h,,'~ .. fel)" ""<ceded
,0 ~N (-H~O Ib}(Coole"idi. ,\lcCili. ,nd No,m,n. 1991),

Unde"'anding the in,~,id...1m"-,<Ie ft.,,,,,,,. th.i, rnntrihurion to ,"p!"",ning the 10", hack,
and thei, t'Ol npo""n" of'-'-""1''''''''''' •nd .heat fon...., til at are i1l11"""d 'm the '1~n< i, ....ry u.dul.
1" tlli, l"rri(ljl" e..mplc, th. lifrer ..-oio.kd full ,pi,,,, ne:<ioI, hy n..,ing " ,h. hill. ",in;mi,ing
ligamcn, ""d othe, p,..i,'. ,i",'e ,ension .n,1 ,ekpting tbe moment S"'nerauoo "'I""'nsihiliry
to the ,nu,"ulatore, An c""",pl. in ",h,ch the ,pi""" tl ..cJ is presenteJ I...". in ,hi, ,h'l"""
A, described ill eh'J~er 4. the J"lr'S thor"i, e"ell",,", are "cry dr.,,;,·e lumbo, ",inc .".rnlOl'S,
gi"cn th.i, larg< mo"'ent arm,_ Also, ,inee the lifter', uppe' hotly i, tlexr.'<I, large .."",;"n ,h."
ft.> ....",. on the ",inc ". produ,,,,d (,h. rih '"S''' i, ,'}in~ ru sh..T ft.>",.. ,d on ""-'I'd,;,). Th<-sc
,h." fore-<••re: 'uJ'IIOl'1,"<l to. '-~ry Jorge degree ~,' the I"" lumttorum ..."""-'" ""u,des. Fu,­
,h.m",re. ,he .);"Io",inal m"",I", >ce at1i,-,,«1 hut..to "'~ prorluce mo.-."'ent. \l'hy.re lhey
.<'tll'e' These mll>Cles are ac",-.,,,I ", , ..bili,. the ,pinal coJumn, .lth"ugh thi, mild .btlominal

Table 5.6 Musculature Components for Moment Generation of 450 Nm
During Peak loading for a Squat lift of 27 kg (59 5 Ib).
Muse[., rotce (1'011 Momenl (Nml Comp<e"ion 1M Shu, (1'01)

Reetu••I>domini. "
,

"
,

bl""",,1 ohllque I "
,

" "fx'<1n.lloNiq... 1 4:1 ., " "hll",,,,,1 ohh'lO<' I "
,

"
.,

hll..",,1 oN,q"" 1 n ., " ."
lungi"i""" thoraci. 1"" lumboru", l4 = " '" ~"
lungi";m,,, """".. 1"" lumborum LJ 1514 " 1422 _516

lungl"imu. thor"i. F"" lumbofUm 12 1342 '" 1342 "longi"im", thor",.. 1"" lumborum II !:lIll "" 1)02 "
llio<;""",Ii,lumhorum F"" 'hor..... '" " ", "
longi»;"'''' thor",;. I"" ,hor""i, 195 " '" "Qwd,otu,lumbotorn m '" ,~ "
loti"i",,,, dor,i l5 m ,

'"
.,

Multifu:lus I m • '" "MultifKl", 2 '" • 169 '"Psoa. II ,.
" n "f'soa.11 '" " " •

",", " '"
,

"
,

f'soa,l.4 '"
,

"
,

_ ........... ...........,... .. IIr>"", ...................... , .......... ..,,, t. _ ... ,......""~.. t5
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.cti,'i,y i"'I"""'" oompre><ion pen.I,y '0 ,he 'I>i"". A ,nor" rubust ".pl.",tiot, of ".hili.i"g
"'<ehmi", i, pr.,..,n,,,,l in ch.pre' 6-

The preceding example rlern<'nstn'''' huw ,liffu><:ly th<· ~...C<'S ore di"rih",,,1 md ill"m.,,»
how f""OI",rdi"i.:.1 In'erpre..,ion 'e4uires ",,,,,,,,,,i<::oUt' dctlIilN fttt body ili.!!".",. ,h.. f<J""­
...,n, ",.Ii,y ('loch" ,hoot inoorporo,,,,l into ,he ,i"".1 ,,>ine model). I heli",.., that ",·er.;implilied
free Ixxl)' ,Ii.gram> h"'e ,nwlmkc..! ,he m,!X)n.", mechm;"'1 ",xnp"""i,-e .n,1 "p"",..lIy ,h,"lt
"0'" p,,,,en,, uf mu"",l" fun.'e. Thi, has ""'''I,,,...nl'''<l ,he .ss,,,,,, '<"1\' ofinin ry """:1..,, IS' n, ."d
,h. fum,,,I"ion ofopIim.llherop"o,>C .""rei""

LOJds on the Low Bold During Wollking

Th,u,",nd, "fk,w,k-\'d k",lr"g'1"I",.re endun..! I'l-' the ,pine <~-""T)·d.yduring " ..Iking. \ \'I>il"
,he ,m.llload, in ,he h",' N<l during ~..Iking sUKll"st i, i, ...fe ."d ,ol<..1>k: acrid,),. din;""",
hOI'. foond lh" ~·,IkingP'O,i,b ",lief to ",II". '",-h,iJ ....ls b", i, I",nful to <xhe,,- Recent won,
h" ,ugg.:'>I<'<! th" w.lking "I""'d "ffc'<1' >pine moclunic. ,nd r",y >emum ~)T 'h.... ",d",ldu.1
dilkf<""C>. During ~',Iki"g. ,h. ""'''pres,i,·. loads on ,he lurnl.., ,pine of 'I'l,ro,imotdl' 1 j
,im", hody ~·e'gh,. togethe' ~ith ,he "cry mo<.Je., shear f"""",, .'" ~'ell hdow .ny kl\(l~'n in
,i'm hilure ">od ("'" figure 5.5), S'mlling ",I""". ",in<: m"tr"" .n,II",><I""", .lm"" ""ic
Ialding uf ,i,,,,,,,, ho~,wr, ",hile foster " ..Ildng. "i,h "nn, .,,,nging. ,"u,"" qdk loading or
tis",,,, ((".. II.gh.n. 1'..1" .nd ,\\cGill, 1999) (..., figure 5.6). Thi, ch.ng. in n""ion m.y begin
'n explain the rdief exp<rie""",l h,. oome. Arm ,winging "nrle w.lldng f.<ter, wi,n .11 <xh<r
f.<,<o" m",roIlN, ""ult< in I'''''er lumh., ",in. '<r<,!uc"<. muscle .<ti,'i,,..•ndln.di"g ("'" liguf<
5.7). In f,CI. "'. h",. oo",,,'ed "I' '0 10% reduction in ,pine load< from .n)) ,~'inging in s,,"'e
indi,-;,lu.k. Thi, ""y he l"-'Clu"" ''''i"ging ,he .nn, f,oo:;ilito'es effieien, <toroge .nd roc<n',,'J' of
cl..tit <ner!!}·. "'dudnll' ,he ",...-J for """"'n,rie mu,,-·I. <"-,"'n,:,;",, and ,he "I'I"'r body .<"d­
ero,io", """"",d ,,'ith .>eh st"P, Interestingl;· K"bo.nd roll..guo, (2006) """""ed high",
t""" "iff""", ~ith f,,,er " .. Iling. which would funher f,cili"'e efficien' encrgy l'CC()\·e'J'. Al",
rn,erest;ng i, ,he h.~ thot f.., ",.ll:mg Iu, heen sh"w" to he. posit;,,, <of,,~or in pr""en,;""
of, .nd m"''' ,un....ful t"CCO"0'l' front, I"... I,>ek trouhlcs ()\'''''<r, 1'i88),

CW<tG\L

CW<lc.\L
RIt(\"~Nc[

Fast Walking

Fal.r walking is &<-'fll'f"II~ lhcrJ!l'CUliC (Nu"c<. 1968), SevC<JI nx..:h3nisrns "pp"Jr 10 a<-':oont /or this:
reci!lr"OC.,1 muscle aCllv.llion Jrod li,§UC Io.,d Ih.. ing. gentle moIion. and redvced spi .... loads with
""'-"'8~ co""-'f\'anq flOm arm 'Wing. In contrast. lhese benel,1S do tIOl occur during sJow walking
or """,II wolling." which C>:acCfb.1ICS '~mplon>$ in many oc'Ca"", of the st.tic loadmg th.lt ,,'SUIt<.
Finally, we have nolc<! lMt poople wilh "!),Jined h;>ck exemplify the tYI~c.1 p.11ncd ger.,r.tlllcxor
rcs.poose in lhat they often terod 10 swing the.rms primJrily abou1 the e100ws. This should be "01"­
rccl'>Q to arm swing JOOuI lhot· should<'rS to oprimi:w thot' benefits of arm swing.

LOdds OIl the Low B,lcl< During Pushing ami Pulling

Our in,ight< illtu ,h. ",,,,,h,ni,,, of IXl,hlnl? .ltd JXllliltg ,,'ere uh.;n,,1 f'''IIl our ill,,,,,il!"tion,
origin.lly intended '0 set ocwl",i"".llimi" fur .1I""..l:>Ie .. re Iood, (see Lett ,nd '\\<:Gill.
100r». I~...h "",,,ie<' ("',,;'" "ni,'eroity "",l<n"I.,,d "..p"n" (fi"'ligh'....) pushe"",puH",, ,,'ere

Pushing and Pulling Technique is Critical

The technique used in pushing.rod pulling is~ dominant in determining the load on lile b.'ck.
The magnilOOe of lhe hand fOf(e< I, al>rost irJ'l'lev.m unlil e""-"",,Iy high pushing and pulling forccs
~re f~'q"iretl. Sfx-..:iftcaily. "lien hand ""ccs ~re dln.'<.1<'CI thfOUgh tile low oodc. they do r'XJl CfCJtc a
mornem Jnd in thi, way muscle f<.>rees arc "'" required to lUfJPOfI • moment. For Jlhleles like rugby
plal'"r, or sttong"",n COOll""l1"" puilrng. oos, thi, .."", lechmq.., i, used. tier!' the pushing or
pullrng f()lU) i, dr"1",-'fl <IS cl"", through lhe ft....1 <IS p<JSSi0ie lu ~'flhar\Cc tile Iu<x grip log<~l1C< WI!h
enlUr"ing minlm.,i joint t"'que.
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fi?;u", S.S lo.ld< on ,he lumb>r spi"" (nOfmalizro '0 bcdy "",~h'l during ,hr"" """"" d walking and wnh normal
arm 'Wln~. The curve< are """malized for one ",ide \,i~h'!>rel eon'ac' to ,i~h' I>eeI eon',e'). (a) IA·l5 compression, (b)

antc~io<-po>t"''''' shear force< ,n ",tHeh pr:>si'",e indicat.,. ant",,,,, >hea, d ,he ,ul"-~io< ""'",""'..." (<:) la'",al shear Ion:e i~

whkh pr:>si'ive ,ndk,'''' ,igh' shear 0/ ,he >lI1"""" """",bfile
........ ''''' ~'".._ .......... ". I,'. ~~""""" A.L ...... -' , .......GoA......". ""'- .....-..-.. ..... ""'-_ """"""'......_~.................. /0,."" ,......""__,........ ,,_.

r<........ ,"'J. 11>< "pen firefigh'er, experic",-",-,l m",-,h ",",,'e< 'Pone f"r<-e'. Thc'Y~'I<~"rl>' u""d l""'r
,"cch.nics wi,h OOJy Ielln to !l"n~.. ,h< d,i,il\g 1Orc< .nd '0 di",,-"'t tho h.nd fon'''' ,hrough
,he low Iud, ""ulting in "err ",,,II low h.ck mo"","". The impl;";-,,ioJl i, ,hot, one<: ag;>in,
the m<~ion md mo'o' l",nc'fTU ,b., the firefigh'e" ol",'rcd '0 me r<'Sult.d ;n ,heir '"I"'ri",
p<rfor","'tt .nd "ret>" In ,hi, "'-.>' the ""l(J1i,uJo of ,h< pu,hll'U 1I 10>'" I"'-,""l< 'touch "",
iml""l.n, for ,he!:>.>d, ·l"'hniqu.,..as 'k:>o"i",n,!

LO.Jds on the Low BdCk During Silting

N,~'hem>on(1966), u<ing in'nodi,,:,l pr<-<surc me.SUn:men1>, Ju<umcn,<d the higher k"d, 011
'h< di""" in .',rio<J, ";ni"g l"""u,"", comporcJ t<l the , ..nding I"""u"'. 1',,"",1 ,ittin!!, nu,"",
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fig"'~ ,>.1> Lumlw "'0';00 du"og ,h,,,,, 'I"-"'d' 01 w.I~,ng I", "'''' "",,,,,,I 'ubj,,,,! 1"",,,,.lil,,,l,o I1HC '0 RH\..): ,.) lumb.>,
ilC,>j("H-'''',"''io<, in whi<h ""I""'io<' i, 1>os;li"", (b) 1.,....1I",,~! in whi<:h po'ili"" iooio.'c'" l><,~t '0 ,h.. 'igh" Ie! .,i.1 'wi"
in whKh po;ili"" indi<:.,.,. '''''"PI'''' Ix>dy twisti"g I" ,"" ,igh'.

Ae.<ion in ,he lumh.. _rin". ond peopl•. if I.rl ,lone. """"..lIpit i" , ",riel}' of IIe.eJ [l(lS'"''''
(C.ll:Igh.n .n,1 .\leG;]1. 1001b), Sitting !l"nmllrin,,~"e> lowe••hdol,,;n.1 ,,~II ocrimr (I"tticu.
I.rlr ,he de,,1' .1>.1",,,,;,,,,1 muscb) ,,,,np..«1 '0 s<.nJing, anJ gmerall,' higher cx<enlO< ""tll'it}'
,,'i,h un'ul""",«I ,i"ing (Itt Call,g~.n, 1'..1>, .nd McGill. 1999, fur ",Ilei"g .nJ C.Il.glun
.nd AlcCill, 11~1ll>, r", ";";ng). Sitting <l<M",hed m;nimi"", muscle oct;,'i'y, ...·hile ,itting mme
"I><ig!>' rcquin'i higher "",i"tion <>hhe 1"''"' .nd ,rn,ex<~""'"(luker, Mt{;ilI, Kropf, .nd Std­
fell. 1m). Full A""i"" ioc••,,,,,Ji,,, ..",,,Iu' '''''''''''' ,hi, !X"'"n: h., p""l"eed disc herni,tion,
in [he I.h (•.g., Wilde•. Po"., .nd Fl),noyer. 19l1R). In f.<" Kel,er (I 'Ii $) ,jisco,..,••d • "",dfic
link oc'wt"n l'roI<>ngcd ..tting 'nd the incid<lK'c of herni.tion.•\ lore "I";sht ,itung po>tur,...
• nd the COI>co1ni",n'I"".,.r<! o::><h<r mu><!••"i,·.<ion, i,,'1""" .ddi,ion.1 roonl""."."< )""I,on
,he 'Pine. Chmging lumh>. l"""lure, cou,.". mill""ri(lfl of til.: I"",j. fmm 0"" ti"ue U> ."",he•.
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fi!Uf~5.7 "'cti".tion profil,.. (EMG "g""I.) 1m", 14 'OlSO "'''''''"'' dUfir>g th,...., ."."od, 0( walking wid, 0lOI'",,1 .,m .wing
.r>d ""'mali,cod to RI Ie to RIte. The mo.,:Ie f'l'r< are (RN ,""lus .Wornin;., ([OJ ""l'....1oblique, 110) in""",,1 obhque,
(lOlla''''i",", 00..... IUS) thor••:., ...,.'....tOf >pi""", IlESIlumbo, ,~•.'<__"" >pi"""••nd (MUm mulhfodo>.
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C.a!l.gh1l1 m,L\lcGili (10011» "'!ffiI-""t-J tlu, T><> .mg\<. ideo! sittmg 1""""" ",,'" ':l1hcr. , ,..ri,W~
"""ute;, tttuon"l<"Otl<:d "a .....,<g}' ro ,nini",;", the ti<k of Ussue"'-ct'hld. t"or ="'I~e. Snijders
,n,l coIlc,g"••{lOOti) hOI'. '"ggel.d du' , ·c",....logged· <il1ing flO'I"'" >l.hili,,,, the ..emili,c
~,;n" ,;a passin tcn'K>mng nf ,No ;1~~umh>T li"""ten' md l,;ri~"'III'mlliCk.

LOilds from B.1ckPJCk Cilrr;dge
B.~k]>a~b ''OIl'' in ,..rio", dcsill'" t1u, altt" low ha<\; loading. G,,,,,,,,lIr if rough 'cruin i,
""icip,nt:d. ,h. Io>d r.hould be pbct:d low in ,he j\lC~ to minimi", ,he ",.lIl,.", ,rm 0' di"atl<"e
tn ,he In", hock, A, ,he Io>d i• .,.,ric,l 0''''' ,n'gh gro"nd i, ,,,,,de'"'' a"J ,\oede,"", The
k,.d I~.",-J do", to th<: low h,d ....oJ""", ,he tono fo"",' "",xkd to """" ,he hac\;p,,\; load.
0" ,h. oth., ha,,<1 if ,n"""h gro""d i. ""icil,>ted. col"TJ;l\g ,h<: lo,d high in IDe p,d. and ""er
,he fukrum of lhe 10'" hock ,nd hiI'". '.qui",••m,1I0' tm,o ",,,...Ie forct..-nd 1",,"<, I"ml"r
'pill. I<n.k ......"It,

Backpack Carrying

Now for lhe cu,iou, ,ituarion in which Nckpacb can redllCe >p<ne loa<k-aoo 1m.. form one
of OU' e,crci>e-bas.->d 1ht-".aP'! f""SC,lplior». "" ;ndividual who I, fle,loo intok".afll, and .11so h.,S
pOiltt.,ioo- di!o(ogenic bad< pain exacerllJted I", I"oklllged lilting, gellt.,~lly lias Mficulty iIIJooing
lip, Upon iIIanding, a f"",'ard torso angle (antalgic po<Iurel rernai"" If this type of iooivldual GIn
IOOate lXKTIp«.'>sion, we pr"",ribe wearing a tJadpad wilh abo<Jt 10 ~g (22 Ibl placed low In the
lIJ<;~pa(X (~hout the Ic>el of I"" 1<.11111)", spi.-.e) ~nd going lor a wal~ over uno:ven groun(L We",ing
lhe backpa<:~ act'> 10 generale torso extensor moment, bringing the torso inK> an upright iJ(Illure.
Th" alleviat'" the spine exl~"""S, whiCh """" previou>ly COll1'aaed in the >laooing, buI tlexed,
l"lMure, Gi""" their t;ugt~ rnomcnt ann, thiS reduces I"" comprt.~sive1006 (lIl the sp<ne. Tl>c com·
IJreSsi(lll red\>etioo from the mu>cl", shuHing drmn is larger than the e>dra C<ll1"lfl"<'S'ion I,omlhe
additlooalload in the pac:1t, resulting in a Ill'! reduction in tOlal cOOlfl'1-'Slion (lIl the baclt, Wal~ing
0>,," uneven I(roond I"uvitk" gentle O'I()Ii"" to the lun-b.1r :;pi",-" which iii theraJ,l<-'Ulic 10 the type
of dilCogenic~ we are de';cn!Jing here, Typ<cally the patient relu"" saying, 'Th~nks--tllal

wa, amazing: TIm,. while some h.:we blamed lIiIdpacks as a source of Nck troubl"" lhey can
acwally I>c USl-'<l,ht'<apt'Ul'C<llly.

I recall a ,~dio inlerview in which ,1 chiropc.-u;tor was d,llming lhat chil,lren C<I,.,..,.ing bacxpadt>
""... one :shoulder """ a ,,-,<>00> problem, aoo too Interviewl.,s I'honed ior my 'on-air" COOlment.
N" doubt so<t"<: ch,ldren WIll '»<I"-'flcnec trOUbk-s, buI tht".c is also a training opf>O<tUrllty~. If
the children ,,= to switch :shouloc..-s frequently. Ihls I"o/)I""",'ic t~s. would IJeC~ clever bad<
"aining! The ""'" of the training load """'" the dangerou> load hing<--s on some >Ublle modula­
10<5. l't'fllars lhechiropr,1Ctor waS right-havc the chtldre" ca,.,..,. the" backpadt5 (lIl bOIh ''''''''res.
Out the technique of ch,lnging :shouldoo would have Ch,lng<->d ~ percei...w dJnge< into t",ining for
I>clter health aoo .-roo-manee.

Loads on the Low Back During Various Exercises
!loc.u......."'i,e .. ' cruei,l demont of ",h,ltili"ri"n for I"", h,d p",hl.n". it i, croci.1 ,h"
}un "nderstand IDe Itt.d, l"" ,," i"'po.;ng on >""T p"""l1'" haek whe" >"" l'R-..:ribc a" ",cr­
ci... o.he",'i", ,,'hot It''>S ;mcllJetl '0 be 'lleropc",;c '''';' h«o",<: ,n "'''''ertu,;ng f:l<\or for her
Iud t",,,hl,,,, ,\I>'lerillg ,he infon"";"n in lhi...'<:lion "'ill In';T'."" >,-,'Ir ,hili'}'lo "iln, OI'ery
<0."">< to c",h die"", ""'4UC need< nut onl;," ,hc n.""", of "",nne,,', hu, " t~....y '''g. of
her 1''''ll'"''won ",,,->td belt" 16'" Iud he,lth.

LOilds an the Low Bilde During Flexion Exercises

Very f..,...- ,nul"" (onl;, our o,,'n ,hat ....e '''' a"..", 01) h,... qLl:intified ,he ti,.ue I",ding on lhe
lou· hat'k ,i""es during ,... riou< 'll'C' uf torso lknon nc",,'i,,-,,- although ""'nc hal" ,"c.,,,,,,d
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flllu", $.8 """..oon of ,he I""" and ,he .bdom,,,,,1
mu.... ." in a ....,icry of Ilex"," ,...., ;,om • gt""p of

hi8hly tr.iroed ""*"" i"'" """,.nd th,,,,, """"""I.

GO 70 80,_.
P""". ~
Reel... 8bdo<Ttinlo
External obIiq....
t""',oaI oIJOiq""
T,........"'... obdorninit

o
••••o

o

<he E.\IG '<'Ii,'ily of,d""ltd 'oul<:l<> (•.g" Hill, 1%5; 11011"'" .nd 8I«ll979;]ottr, Sidng', ,,,d Cit1J";,
19!H~ Thi, lYI'C ofinfonn"iooJ .k>nccm I""';,\c in';gh, into ",I"i,,, muscle dullcnge,l:>oJt i, "' "",ncti,.. fo<

!l",<ling ",,,ni.. prt... ript~Jn d<",i,.o", ht'<.':Ouse
Ilk resu1un, 'I';"" 1o.ld i. unkJlOwn. Tho gto.1 i,
to eh,llenge musclc.' .ppropri.tC t""c1, but in
• "'>t' th" ",..c. ,Ik ,pinc, '1'>0 m'''r e'c",i""
""l',e",rib"d fo, Mek ",ff","" ,Iu, "",,«:<1 ,h"
'okr:",c" of thei, aJonl'''.'''sed ,i"""".. In r.oct, ]
""Ii",,, ,hot on"'J' COIT"ltOI\IJ' p......nbeJ n""ion
=n::i<rs lCSUl! in So muth spi,.. t"'''I'''''''iut, th..
they ",ill C""'''' ,h.. ,he pe""" <elmin,. ratie",.
Fo, "..onpl., ,h. tr,<I";oul ,i,_up iml">'"
'l'I'",oim"oIr 3300 N (.1.... ' 7,0 Ih) of c<"'"
pression on ,h" ."in" (Axlcr ,nd ~k{;ill, 1997).
(Fi!>"," 5.8 illusrwe'll......' ,nd ,bdomn",1 ",,,,,-,Ie
.e,i,·"ion I",'d, in , ,·"ic,)" of Ad;"n ,,,k•.
"'hil,, fi!l"c" >.9 ~Iu"r:o'.. ,eti,-:"';on pauern,
"'i,h hen,_knee ,i"u"," md figure>.1 0 illu",>'"
,,·tiv..ion p.".n" ,.'i,h hen,-lrntt curl-up•.)
!>:o'c ,h., "'uscle ><'Ii,~,ion b·d,.re c>pre""d
io "",m.li,,,d uni" (% ,\IVC). Tlli. mcao. th..
,he ...."tit,it;· i...prc.""d", percon"g<: of ,,·h.,
"'<ouid he o!"."""d during, m.ximo! "~u,,ury

<'On'Tu';"" (;'lIVe), ,hu' qu:rntif);ng ...·tn,i'}" in
,,,hj-.:iol"!l;<.1 md function.] ",n"xL Funk"
,0.: ",i". i. ,·c')· f1e.<:<I during ,0.: period of <hi,
l<XId (McGill, 1998). 'lllc N"ion.ll,,,';,",,, fo'
Occupation.1 S.fety .n,lll".lth (N10Sll) (1 'iS1)
h.. "-1 <he:lCti"" limi. for low Mcl t'Olnl""-""~'"

" JJOO N; ,.p"ti,i,,: >:>Ming .I>o"e ,lti, i",'d i,
Unked ,,';,h Itigher ioju')' ,''os in "..".1;,:.., J'eI this
i, impostd 01' !he ,pin. ~'i,h ••<h "'"I'"'i,ion of
,he ,it-up! T.hl" jJ ilio,,', <he qu.n,ilic:otion of
• ''::Iriet;' of push·up coeni""

M.n)· ,","ommend l""fom"ng ,i,-u", ,..lth
rite It,,-"os b"m, ,he thoofy hei"ll ,h" rite fJ'<XI' is
""Iigncd to red""" ",,,,,p..,..;,,,, k,..ling. or per­
luI" rite f'"I<XIS ;, .oonmrtl '''' rite l1lgth--tm';llI1
rdnion,hip SO thot Iho '.'uhing force' uo
""h",,,,1. Afte' ex.mining 00110 of these idc... "'.
fiKmd ,hem to be unte bk We ""lUi,,-,1 • """'1'
of "· ..o"n ~'ho " m,11 enough '0 fi, im" •
m.gnetic ,...",.oee im.giog (,\1 Rl) ""'0"". We
p1.cc'tl <'::Ich ''''''1>0 io,o ,he "'''0'''" ,,,,I ''::Ine<1
hrr ktl"" .nd hil> ."gles whilc ,h" ,.....upine
(Son"!!",,id. '0<1 M<(;ill. 199». To.: pst", <lid
00' ch.og. it> I",. nf ....lion, nor c<",ld i, ,ince i,
i, """"h<:<l to "... h "cneb,,1 body ."d ,r"",-..=
ploceSS (os ,he IUIllr:.., ,,~"" inc....... 101\10:,,;•.
,he """" follow, ,hi, en,,'.), The 1'",.,,10<> not

ch.ng. it< roIc f"'m. n•.." to.n """n>Ol"'"
funClion of IorJo>i.-thi, in'.'1'",Wioo .rror
()CCU!TC<I from mndel, in which .he pst", w",

ITprt:SCn1<'tl ........igh'-linc pulk,. In r..., ,he
p;o.' folio"" ,h" l",dOIi< Cu"'C .. ,hc I",ub,o,
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-~ p"""" 1 i..-;ng electrodes
-~ A«'us obcbminill ....~ace ele<:l,_
- - - External obIiquo _I!O->g "ect,odes
_._,- h'llemal <>blique Indwelling e"""'odes

T,,,,,.WfOUa _in" i_ing ele<lrodo.

Figu.... 5.9 "",,,,.,,,,,,_u,,,,, hi"or..,. 01111<0 ••"'" subfe.:" •• in figure .'i.1! pc<forming • ben,·.""" .It_"p. Sutf""e.nd
indw"Wng ""","00cs .r" ind"...,,d.

>rinc 11",,,, .nd e"""d,_ Further, i' i' ,rue ,h,u 'he )""'" i, ,OOnen<:<l "'i'h hi)' fleriol" bY, i"
.cti....'ion le,-e1 i' higher during be",-kntt ,i,-up' ([,,!;e., ,\lcGill, Kropf, .nd S,dfen, IWIlj,
nOl low", OS h.. been )'re'i"""r lh"Hgh,. Thi, i, hecou,e ,he hip Ilexion ,,,nlHe mH;! C<)me
from !iomcwh~rc, >ltd 'he ,honcncd 1"0" mu" <'(Jntr.,:, '0 hish.' k..-cl' of .eti,·"ion gi..-cn
It. comprum;st'd length, Ci,-en ,h.. 'he ';'-up ""po"" 'ueh .. brg>' romp",."on lo.d on
,he ,pine, ,.",cdle" of 'he kg's being be'" 0. <trtigh" 'll< issue i' no, ~'hich ')'pe of ';'-Ul'
'hould be cero""nended, Rothe., ,i,-up' 'hould "0' be "".fonned " .11 bf ''''''' IJeOpk F.r
hener ,,-.~" cxi" ,,, p'"""'-,e 'hc .hdom;n.1 mHscle ch.llen!!" while ;ml'O'ing lower ,pin.
~)..k Th"", who orc "'ining for h.. llh n",-cr n"",110 perform' ';'""1" ,hose ,...;ning fm
I"'rf<>rrn.""" lru~- ge' I><"tter "-"uI,, bj-' iuJic~)ljslr in<",por:i';ng 'hem in'o 'h',i, "",tine.

\\'hile p.n III of 'his lJool ("ww B.d Reh.bilitl,io.Ooffe,.. ,,>«ific)>rekrreJ ....rcist:s .nd
eh.llenge. 10 ,pecific muscles,. r"", fl.,ion "".rei.... u'ill he ""1<:u,,,,1 he"" firs(. h.nging u';lh
'he mm from >It "'....,.ho,<I bor .nd ".,ing tho 10'1>< '0 "''''' 'he leg' is of<e~ 'hough' to m'lx»<:
~)W 'rOn. Iood' lIn',u'" ,he !xl<!}-" h.ngin!!, in 'on>ion----no< COInp,....,"'n. Thi' i' f,"I'l' \ogle.
Thi, h.nging • ...-ci'" gcne"l" well "'... 100 Ntn of .hdo-min.1 to"l"c (A.I", .nd McGill,
1997). "I"i, p",d"""••1"'O!ilma"""I.hdomin.1 ""i,.';on, whieh ;n rum i",1"""'" "x~p,,-...i,..
10"-,,, on ,h. ,pine (<<e "hie 5.7). (Not<, II.nging with lx:n' 1m"", "'ulted in hish" .",rag>'
>rine I",d, due ro ,he imp"",i"" le<hnique emplop,d hy "'.,,)' ",bjocl' "'00 .Ilou'ed ,"b,,,nl;,1
lumh", "e.tion. Funh"r, few .uh;ee.. WeTe ,ble to m,in"in «)flO (luring 'he !ilr:l;sh,-I'-'l! h.ng.
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00 jw

•••, . ,
, 'C;imo.(S)

-- Pson 1 _ling e~rodes

-- Rectus abdotronis suri_ electrodos
- - - E>:lernal obliQue ifldw<llinQ_

Imerna! ot>ique _1"11 oIe<trocles
T"",s_sl>S at>dorrOn.. iOOwoling O>ied_

ft~u", 5.1U Ac1lvatoon·tlme hI"""'" for-1he ...me group p<.'ffonmng curl.up<.

(;o...J form i' iml"""",n'Il<I' ""lui"" 'u(,.,.nti.1 ..hl",ic .bj]i,~·,)Simib' 'eI;"Olio" b'd, con bot
.chi",..,! ~-i,h ,h. ';,1< hri.lge ("")~-n I"...",1 ,1i""",,,,,1 in de,.il) wi'h In~-e' ,pi"" lo,,,k

Thi, h","g botcn ">lcJ. 'hose who orc not "".,c..,tcJ '" 'lminl( 'hei' b~'k mol .re 'r:llning
"i'h I'"rfo",,.,,,,,, oI'lc.",i,-<> m'r henefi' frum 'he high I'!<J., <h.lI.nl!". ,oge,h., wi'h roc·tuS
,bJomini. '''" obh4U. oc,i,-i,y. Oe..I\". 'he cu,l-ul' prim"il)" '"1"J!"et< 'he ..<tu' (both uPI",r
.nd lo~'.r), .nd gen...lIy olhe' e'erei"" ,hould be pe,formed to lrain ,he oblique', Some
h",. ,ugg"lO<l. Iwi"ing eu,l-up '0 eng.ge ,h. oblique>. hUI ,hi, 'e,uh, in. roo' r.li" of
,~,li4U' muscle ch.llcngt '0 'I,;ne comp",,>ion C'OmI""xl to 'he ,i,k.bnJI!" e>e"'is< (Allkr .nJ
MeGill, 19'17}----nuking the ,ide briJge • prebrtd <>CTei ....

LCNJds on the Low BilCk During Push-Up (xercises

M.n)· h.,'C H.'COg",,,,J ,h.. m.n~' ~,m" of >pine ,,,hilizari,,n exere,"" engoge the .1"ku"in.1
hoop cUllpri ,mg 'c<~u••hdo",li,i" <he intorn.1 'nd extem, Iobi i4u<;" .nd ,r.ns--ene .W"rnini,
m.n i"""..ri. «",,,<lion (McGill, 2(06), For ,hi, """"n, p"~-"p e..rei""" .... """..i"""
"""I .., • "".", ,..ining .... rei",. ClilUC1l (~"""..ri"n confirm.' 'h" I"-'rf''''''ing p",h.ul" elicits
lorod p-.oin itl "'u"e I",tien" }'Ct ",he", find push-nilS rchc",in~, III oor qu.n,ifoution of 1",<I1-u]>
e<ereise:<, ~'. e",mined ") I"" ....nging fro'" ' ....di,ion.llo I'locing ,he h,nd, on I,tuk: 'urf....
(holl.), ..ogg"",d homl pI...,.,en" one "'ned pu,h.,,!,,> .n,1 on on (Fr""m.n ct .1., 2(06). While
I"-'rforllling 1",<I1-U]>< with 'he homb OIl Iobile surf...", h., <Ollle cffc...~ "n 'I'ine Iood, the "tic­
,,,ned .nd mo... holli,,;c fon"'uf,he e..,,~.. requi,ing the hond, '" moe.., -.ore much more 'pine
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Table 5.7 Total Compression While
Performing Different Styles of Push-Ups

Sldoo.,d

,,-
Slagge'f<'<lliand. _ Righl Fo<ward

Slagge~<'d H.;oo. - It>/! ron.·J<d

R'gh' H.lnd on 0.11

lei! Hdnd on &>11

2 l.Jand. on I Odll

fi100. on 2 Odll. (1 on cdchl

AltemdtlOg

Cllpping

Com~""n(N)

1838

2S32

2337

VI.>

de",.nding (see ..ble 5,0), Th""" in,."",.d
in ch.lIenging the ,h.lomin.1 ohliq"e, ,n,1
""ewing" the ";'''''R~ri<' fot<" Imm st'lI_
l«1"e<l Nnd pl.cemen"hro"gh tl,C lor"", ",-ill
he intere"e,1 in ,he 'luite rno<.k" i""""", in
.pi"" "'''''I""",ion de,nmd. No' "''l'';,ingl)',
,he plJ<lOnctric kIn"'ofthe pu>h-ul"'k ,n..rn
more "'usenlorl)' de""ndinll ond therefOre
re,ult in higher ,pine I",d. Thi. mol' b< ,
concern for <host ""1,,, ,n.y I>c ft,.",d to.> be
..,nsi,i,,, to spine,,>rn~ during f"'O'oco­
tiw di,ll""'''ic "'50 nil'. Slnn,l k,.ding <lurlOg
"'.ny fOrm. of the pu.h-up i, ,ut.."n,i.l.
There i, link", onder ,h.. th... e.erei"" .....
p,,~,lemotic for lO,ne I"inful hoc"," On til<
other I,.nd, ,hey " ..y I>c "e1)' 'I~"..~lti",c os
on ,Wo",in,1 pl)'om.,ric e.erei", fur high_
perfom,.""" in,I;,'i,I".I.,

lwds QtI the low SKk
During Extension Exercises

_ ...._"""._~, __"- _",.Go..__"".""t.IIl
1006, -c,o..-"l'nll _" _ __"'" _" ...
..........__.......... '" 'J<>t< ,_.., lO<k .,.,.'"

2222 ..... ""i,h the Ae.i", ""en;i"" di"",,,...,J in ,he
prcviou' 1"'''g''l'h, plenty "f E..\lG·h d
studies h.,,, e,pl"",d exte",i"" ..erei but
only one ,"empl'ed '0 'I",ntifr ,he ""ulting
tis>uc k,.d", ~:'erci.. pnwripti"", ,..,11 nU be

""ce""ful ;f ,he 'l'ine 1000di"l( i' not ro,mr.in<d for hod 100<'.,. U>ing 'hO"in",1 'pine '1~'rOIlch,

Call,w,,". Gunning, ,nIl ,\kGiti (1m) .tlemp...110 ..n~ extension ..erei",. on lhe m"scle
ch,lknge, the ,"",Iunt ,pine I",d, ond th.;r <~"imoJ ,....;", Th.le)· t" l""..,,;ng. therapeutic
muscTe .._,i,~tiOl' b·d while mi"imi>.i"l( 'he .pine I<>:<d is '" '(1h~te only one .irk uf the 'J~ne

mu"""I"",,, ". time, The muscle .naton,y """ion in c....p,e<.J des<:rib<, the f"nction,1 <ep'''­
ti"n of the thonec ond lumh.r ponion, of the T,,,,gi.umu, ,,,,I ilio"",toli •. For the 1''''"1''''''' "f
tlii, d;s<'U«ion, we Ca" think of tlie ""tensor< in rour ....-tion<------right .nd left thor...-;., ]><>rtiun.
"'d righ, ."J left lomb" ]lOn'on" The rommon e"ensir", .... of podonning ,orso ..ten,;',"
",ith the Ie!!, bn""d .",1 the contih'ere<! upper hndy ..ten,linll o,-.,r the end of, beoch n,
Ron"" choir (figure 5.11a) ...int... ,II fOur ''''nsor group< ,ltd t}l'K·.IT;" ;ntpose; "'''' 4000
N (.bou, 890 Ib) of """'I"""ion on ,he ,pi"e, he" "''''''' i. ,he "",nmonl;" p"""rib<d h.c~

"'te""ion wJ: on c1mic.. in which the patient I... p",ne ond ."e",1s the legs .n,1 out>lTetehe,1
.nn" thi, .gain ...ti,~t"'oil fOur e"en<Or _tions hut ;"'1""'" up to 6000 N (on,. 1300 110) on
, h;'pef<:><ended 'l~ne (flgu .... 5.llb). Th;, i' no<. in"ifloble fur ,n~' pa,;"nt!

5.,·••,,1 ,..ria,inn, of ""ereise techmque con 1""""'••cti,.. tion in portion, of the e"enson
",d greatly 'I"'" the 'pi", ofh;gh load. For """",pie, m..,-"mll' un ,]I lOur; .nd ert""di"ll<JO," leg..
the iiiI' gc""""UJ' Kti\..... one si,le of the lumbor .'t""""" to 0'..... ,0% of",.,;",,,,,, .nd im]lO<CS
only 1000 N of "'""1"""'''''' (6gu", j Ilr). l'eri.>rming the binI <log, in ""hich the~t" .nn i,
extended" the ,houJdcTwh~ethe leg;' ",,>«I (6gurd.1lJ), odl....",,,y tt,,,,," "dcof the th"r....;'
""ten<ol'S (ge>-,,,,,,lIj'Ol\.Ol,>J 30-40% of""-,;",u"')ond .urn.in, the 'I'i'le load to ,oo..t 3000 N. In
"klition, ,he~ teclmi'JUe< .<ho"'n fOr thi<. e""TCisc in <!>apre< 11 mempt to enhance the rnot<l<
.."'tn~ 'J''''n ", ll"',o", <t.lhiliz.ing I"""m<. Fur <I.u dc-.cril':ng th..... <=n",-", .,... ulile 5.9.

Slow Eccentric.

Dubious Lifting Mechanisms
In the 1950. ,nd I%00 ",inc hi,,,,,echoni,t> f...,.\ , 1"",dm. The umple .pine "wkkl, of the
<by prc-<licteJ th.. the <p;n. ""ou!d I>c ..r",hed to tlte j"';nt of injn!)' d"nng .......in lilting t1sb,
ret ",hen people performed ,hose lOsI... ,he;' ",'.Il<do"'·,;' Ul,inju",J. Thi, moti" ..ed """",I
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Table 5.8 low Back Moment, Abdominal Muscle Activity,
and lumbar Compressive load During Several Types of Abdominal E:<ercises

MUSCL£ "CTIV"TION

---

_"t (Nm) ~«I'" ~hdomi""l"4MVO· hl.",~1 nhl;qu. C"",.-..joo IN)

Sl,.igh1.I~og>it.up ,.. '" " ,,~

1k"".1eg .i'.up '" ,m " 3350

Curl.up, I.......nch<n'<l " " " ,~

Curl.up. I..... f"", " " "
,~,

Q .... 'I<1 ,it_up '" " " 23Y1

Slraighl.1eg ~i", '00 " " 2S25
Ben'_1eg rai", .,

" " 1767

0 .....1.....,.. "",1...,1' '" .. " ,~

Hanging. ",aiglul"ll '" '" ~ '00;
Hanging. 00nI leg M " M HI)

1""",-"ic.HJe b<idge " .. ;0 2585
·..<vc~___."""'''''''_ -,_ ..._- -,.

• •

, ,
fi8U,"" 5.11 Spe<;ilic """"""'" e",,"ci,.,. qoan'ilic<t In< mOK'" ac'iva'"", and the ,.,..,I'anl >pine
lo.ld (shown in ",ble >.91: (.o)t,onk c",,,,,,"". Ib)p'OO<IIeg and 'runk '''''''''""", (O.ingl<>-Ieg "'''on­
!oion, and (<Ii .ingle-Ieg ..wi W<t',al.,,,,.1 .,n, "",,,,,.ion \[>;,d flog)

",,,,.reb gro... ps \0 ,be"rize .00..., mechan;.m, tha' CQllld un)",,1 O)!npre.si,'e >tre"", from ,he
'!,;nc, Rcse.rehc,", 1""f><>'CJ 'h ....... m.,.,. 'll<'t."hani",,,,, the in',..•• Wo:~nin.ll'n""' ..... m""IUJu<m.
,he lu",OOdors.l r.sci. m""h,ni'm, .nd ,he hydro"lie .n\l~ifier, I\hhoullh no,,,, ~., ",,,,'i'-ed
-""",inr, dini....1 n,,,'i~, "ill rem.in. N""",,hel... , ""ne coml""'cn", I'n,,;,lcd in,'ght fur
StII....'1u<'1l' studr .nd k<1 ro thc un<k-r...nding ,h" we h"", rod,}'. Fo.- ,Iu, IT"'''' ,h"y will ""
.....,'i",,·cd Lri.fl r 1",......

Intra-Abdominal Pressure
Doc; ,n,r,-.I><Jo",,,,.J l""'"urc ([AI') pl.>".n i",I'''.... n' rol" on ,he ,ul'l'0rt of ,h" lu",Lor
,pin<. "'Jl'C<'.llr during strenoous lifting, •• h" been d,i",<d for ",.nr >""'''' An"omi..1
'ccu.."" in rcpre""n",ion of ,he i",,,,I\'e,l ri.....'" has hecn inlluent..1in ,hi, deN'e. Further.
rc",,.,·i, on lif,ing ""...·j"ni('. h" f"rm"d. ""'M,,"on,, fur ,h" p"''''-',il'tion of .lxlom;n.1
Lei" for ;ndo,,,i,1 ""Or."" ,nd h., n>o,i".",d th" pre"""llt;"" of .l><Jomin.1 M.r<ngthening
p.-ogro"'.. '\\"'1" .....'rehers haw ,d""C1,,,,l ,he u'" of L-\I' ., • mech.ni"" u, di ...X"tIJ· ""Iuce
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EXTENSION

RIgM~ l.1l ~
EIK1rom)"'Zrap/lic .00 .00 Trunk Callbr.olion
et..n....l· Ri&hllq l.ft 1e5 I.ft arm ri&hl arm .00 "" Trunk poolur.

Righi RA , J.l " " H 0.' n '0'0 " "
,., " " " "Righi EO ,

"' 0' 1&.2 ;, U " '"'0 0' ,; " 2.J ,;
" ""

RighllO , \2.0 ., 15.& \2.0 \ 2,1 12,7
"'0 •• '" "' 0' \0,1 \0,8 U

~ighl LV , ., '-" 12.0 \2," \1.2 " ;.
m " H '" .., U " ,;

Righl TES , ;, \3.7 11.5 4b,8 '" 45,4 21.0
'0 " '" •• 29,J \8,8 TO.t. '"RighllES , \9,7 \ 1.7 28.4 \9,4 59,2 57,8 'U

" " " 10.2 \ \.0 \ \.7 ,; ,.
RIW>' MF , 21.9 llJ.8 JLS \1..1 51.9 47.5 1bA

" "' .." ", \2.0 \4.7 12J ;;

left RA , U H " " .; " "" " H l.ft " H " "
left EO , -".4 '" "' \ -" 9 "3 U '"'0 '" '" " •• " U ,.
l'" 10 , \t..o \\,1 H.b \ >,2 \ \,0 12.5 ,.

" •• ,.. " 'J ;., ., U

Ldt LV , 0" ; .. 10.7 ., .., ; , ",
" U OS 18,2 " ;., 0.' ,;

leftTES , 15,0 H 42.9 \0,5 63.& 4 \.& 21.2
'0 ,.; ,.. 20.5 " 22.7 TO.O ,.

l~," lES , \ \.J \&,8 19.5 25,S 5&,8 57,0 2J.J

" •• ,.; " U \4.5 \4,7 "'left MF , \\.9 22,) 1&.b 338 57,) 5.1.3 18.7

'0 " ", " "' \ \.4 120 43
~ 'OW........_· ....... ""'"''''''''''''''''","",lo, EO.""''''' ........._. 10" .-..... "'_......... LO· ......... """' ..........m·_

Table 5.9 Mean Aclivation Levels (::I: 1 SO) of 14 fMC Channels for 13 Subje<:ts
Performing a Variety of Extensor Dominant Exercises (Expressed as a Percentage of MVq

....... ..--_", II> --. "'""", MI <:.Ib-.n,.- _ _. 10'"

","" """ ~ .... ~"" .."" """"' ,.
lumbar spineco",f'I'-"SSion (Hearn. 1961: '1'hoon""". 1988), 11""'<:",,,". ".,'" """'ardlc'f"S bel""'e d..,
the rok of lAP in reducing "JUn.1 h"* 110, been ,,,,,,,,,,,rho,.,,,,1 (C"-,,,,'. 19:'lO: Kr.g ...1., l'iliti).

Andlomic,,' Consistl'Ilcr in Exdmining the Role
of Inlra-Abdominal PN.'$surf!
,\1,"'; •. Luc.... and Bn'iJer (1961) first "l'emion,liu"<l the m,-",-·h"'l<~of 'he oogmall''''I_J>.III
;IltO a IllO<kl.nd de>crib.d I,., tOil""·,, Prcs;uri.j,,~ ,h••W"",." by .""",;,,g tho ;,;loo.,;, .nd
"e. ring ,Iown during .n c>e"';on e",,"', h;'d",,,llc force oo..n on 'he pel,;< floor and "p on ,he
w.ph"'gm. en..tlng' 'en"l. eff<,,-~ o'u ,he lumbar .pine or" !-em .11"".';ng ..~ne of the
ron'I"cs,;ion. ,\Jj"'ing In tho e..l;- ",lcul..-j"", of 'hi' hj'd,.."li. polen,;.1 " ,h. full K.""",I-
e<lgmelll of lhe ne<e:>so'Y .h<.\omlo.1 aai,;lj' (con''''<ling lhe alxlominal ·.11 Imposeo eur.
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UJ<l'I'''-'i>ion on ,he 'l,i",,), But "."lu"lOn of the ".de""ffh"twecn ,he crt", ,!>doo",n,1 m",de
C<lonl",-",,;on .nd the hydraulic ,e1iefdell,endcd on tl,c grow.tri.al."u"'l"ion, ,n.de. Som" of
th... a"umplion, 'ppe>' '0 be outside oflook>gi<:.1 ",alit}-,. 10 foct. e're,im"n,,1 <"'id"""" ,uj("
If'-'''' tn., """"h",." 10 the pl'<lCe", ofhuilding up lAP, ,he net ".11pre,';,,, k,.d on the 'I""" i,
i,,,,,,,,,...-d! Kng a"d oo,",,,,.ke,.{l 986)ob>c,wd ",cr••sed \o::m. h.d BIG .",i,'ity with incrc...d
lAI' d"riog volun"ry V.l"I,-. m.""u.·.",. "",h"m",n .nd ,\Iom. (1'16-1) a",1 Nochem"m.
An,Ic",,,n, ,nd Schul" (1986) ,""",c,l.n in,,,,,,,,, in mt...li ...."II"""''''''' during. \',1",,1,"
m.n"m,,', indk.,i"g. net inc,.... in 'I';'" cump,,,ssio,, ~'i,h.n inc....se in lAP. pre",,,,.bly
• 'esul, of .lxIomi".1 ~."II mu'iCtlI.",,,, O<"'ti"ity.

I" Ollt "wn illYe"igo';o". in which ~'e u>e<1 our ,inu.1 ,pi"" rroold. we noted th.. net .pine
"""I",-",ion ...", i",u,>eJ from th" net'''''')" CU"''''TU..''t ,Woo",,,,l ><:ti\ltj' to i"'...... ~\P.

Funh.,mo",. th" ,it<: of ,h. ,"t'OSS"secrion.1 ''<:11 of tl>< di't>/>r.gm .nd ,he mom"nt .nn used
tn ."im"e fo,ce ",,1 """"e," .. tn. lowe, hU111= b..Js, p"',,1uced br lAP. Iu,,,. m.;o. effi.'Ct on
condusions",,,,,hed ,bout the I\JkoflAP (.\1cCm ,nd "onn,n, l'IIln The di'I,n,.ogrn wlfo<." .re•
•.", c, k.n ,,14Jem', .nd the =trOiJ of,hi, ......", pi O<'<:<! J.8 em .nt<tior to the""nte'ofthe T 11
,li<lc (C<)Il'par. these ,."1 ...,, .ith ,hose u,ed in <>lher ,,,,,IN.,,, j II em' for ,he pd,,,, .-0oס11 ~~5 <",' for
th" d"I"''''gm, .ndll""n,.," .tm <Ii".""" of up to ll.~ em, wf",:h i, O1ltsid< the ehe" in n,,'"
f>COPl")' During "lo"lif", the net .ffect of the in,"Q1".nIC'" of the abdoonin.1 mo"."ul"ul'C .nd
lAP """,n, Ir1 be to inc,.... ""'''I''""",;on "ther ,h", ,II,,,;... join, lood. (A ,1<\1jled d,,><ript;,'"
",d .n.I~~"of the ft""«'IT in .\I<Gili .nd Norm.n, 1987.) T)n> th",,,--t:icol findmg 'lin.",,,
.i,h the .'I>CIime",,1 ",ide""" of "",g .nd coll ••gues {1986~ • !to used E.\ IG to "".lu"e the
effect of ,educing the need fQ< lhe .""u",... '0 «:>n""'" (lhey di,ln·I) ••nd of N",hcm."", .n,1
wll''1gue> (1986~ who d"t."llInellte-d incre""d II1trod,,.,·.lltr."U,e with .n i",'ITO'" in lAP.

Role of lAP During Lifting
The jlCne"rion of 'I'I'"-,,,;'hle lAP during f<"d_h",dJing u,l~;, ..dl '~"-",,,l1.nte,l.The ,,~e

of l1\P i< no'. F.rf.n (1973) 'ug¥ti,eJ th.. 11\1' c,""ot", , pI"."unud ,'i""",1 ''''''y to ""intoin
th. hooplike geom."y of the .!>doonin.1 "'u",b. In rocen, • ..,..k iu ..hich they "",.""",1 ,he
di...""" nf ,n. .1"kJrni",1 mu!Clc> '0 lhe,pi"" (mornen' .rrn.). ,\1cC.iII.Juker....<1 A>l.r (I 9%)
wet"< un,bl< to",nfin" ",ltst:i",;.1 "h.nll'" ,n ,lxIo",in,1 gt'-'""-,,ry .'hen O<"'ti,."ted 111 • ,,""..ling
fIOSlure, 110.'e",,', the COlnp,,,,,,;,,,, p"n.ltr of .lxIomin,1 ."i"it)" ""'I"KJ( be discounted, T"e
",inc '1'1""'" '0 he ~'e11 ",ite<lw ,u".in incre.",d romp"",.lon I""ls if i"trin,,;< ,,,hility i.
,,,,,,..sed. An un'toOle 'pme boclJe, under ._.md)' ....' """,p,cs>i,'< load, (e,g" .pproxim"dy
.!O N,"" .bout 5 Ib) (Luco, ..><1 HresJ«. 1961). Th" goome"yof th" 'Pin.1 ",u"""l"u", suggest<
tn.t indimlu.>1 romp''''en" exert lo,e"l.n,l ,,,,..lor-pos'erio< f"",,,, on ,he "Pine tit.. cm he
though' of .. go)' ~i".. on. m," to pIT,...,t b<nding .nd ''''''1'''''';.... bud:lmg (Chok·..icki
.nd ,\ k(;ill, 1996). As w'dl, octi,."tcd .Wo",in,1 muscles 0'''''' • 'igid C)'li"Uet- of the trunK,
relul'in/! in , 'liffoc "n'ct11re, R=nlly, both Chole",'idi ,nd colle'gue> (1'199) m,l C.t"<nier
",d mlte.gu« (in pIT") Joc"""'Iltcd iTlCT",S<.-d ,,>no "iffne.., during e1",.",,-d lAP ,~..n ~'h"n

O<"('Q(lntinll" for ,i",il...bdomin.1 ~~II COl'tJ~"tion I.,'d,. It .):;0 .ppc.,. th>! lAP CO" inAueTltt
rel,·ic ",...-It.ni", .n,l["io, ,\Ien, .nd ooIle,gucs (1110~) noted high... rel,'ic ring fo«:es .'ith
el",.",<'<11AP, whi<h l"'y ".hi~", ,,"'.. j....t <le,uhi!i ... o'h<r<--<lqICnJlllg 'J<l the notu", "f
ti",," ")"'1'<0"';><:. The dinkal soIu,;on ror ,hi. di,'.rgcn<";' to perfonl' 1'",,'''''o<i''e t«,;ng
to "."e,l .. he,!t<, ,he ["li"nl" prohlem i, hclred QI" e••':""",,e,1. Thus. al,foough (he inc",.",d
lAP cHnmonfy "1,,,-",Ye,1 ,Iunng lifting .nd III I"-,,,ple "XI,,-Tiencing b.d I"in <1<.., no' h,,'e,
ill""'t role in reducing 'l';n.1 ,,,,nl,,,,,,,,ion 0' in .dding to the e>ten"", ,,,,,,ne"', it doc, ",iffen
th" tn,nk ""d I''''''C''' ,i"....."in 'I< f,ilu'e from hllckling.

Lumbodorsal Fascia
lI.=nt "udie, Iu,,, ,,,riooted ",ri"II' m<:eh...icol rob to the Iwnood"....1 f,,ci. (LD~), In
I"'rtit:tll.r, >0111' h"" <u&ll,..'ed tit.. the LOF tedlKd 'pine Io,d.-'ol,ing th< 1""'1ox I"KJ(<<I
"arli." J" fa". ""n" hJ"" """OOll1\.nded lifting pos'ut<:< hosed on ",nou. inte'l""t"io'lS of the
m<:eh",i", "f ,he LDF. G......."..,,,k}·. F"f",. ,nd L.mr (l9ll1) origlll.lly ougge"",1 ,h., h,.,,1
rorno' gencro,,-d 1»' in""'n.1 obl,~u< 1I1d tr",,,..rsc .ltdomini, .t"< tron'''nn«1 <0 th< LDF ,i,

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material
~I ,00 l"Ju!), Mec""me> 01 the luml""~

their moth",,,,,,. to the I>t"",1 lJorder. Therol",d.inl<"tl ,h.. the f'''-1' "",Id 'UI~>Onsubs..",;.1
"'len..... nlOn>cnl5. Furthcr. I.tcr.ltcn;ion from ."'lomin.1 ",,,II >!,>chmcn" ""OS hypo,hesizc,l
'0> """'''''' 10ngilLLdin1l ten,i"n fro", P"i"on" cff<-<:1. cm.mil" ,he ",,,,,,riGr >pin"", I"',c",,,-,,
te> n",,'c 'ogether """ltin!! in lumb" e>len.ion. Thi. sc~uellec <>f ....·ell'" funned ,n ,,, ...,,ti,,,
l"'OJ""i,ion heel,,'" the LPF h" ,h" I,rgesl mcn""nl .m, of.1I "'len"or ,i....... A,. """I,.
"'y""c"",,- f",,'c, wlthm the LPF would imp",e ,he Slruollc>, ","nl"e»i,.. penal,y'" ,'crteh..1
COI"I"",,"nlS of ,he 'I';nt.

'1"= in,kpen,k", ,,,,d;.,,. 1><"'......", e:<>minc<.l ,he ,n«h,nic,1 rokof If>< LPF.nd colko;ri,..,ly
~u""ioned ,he ;'Ie, th.. ,he LPF ",.,Id ,uPI"'" ...1",.n,i,1 exten"" moment> (",.oin'o,h .n,1
Ilogduk, 19ij7; ,\leGili .nd Non""" 19ijS, Tc<h, ])unn, .nd E,,,,,,, Inn As I'rC>'iou>!)' notcd,
",!!"rdl"", of the d"oOice of LPF 'el;">'io" ""teg)', the LI)F coo,riburion to ,he re""",ti""
exte",io" momen' w.. ncgligihle C<lI'l'l"red wi,h ,he ",och lorge, low ,",ck n"elion momen'
...,~uir<xl '0 sul~>On' IolIJ in ,he ,",,,d<. !t> fw"",,,,, Ill»~' ht, ,h" of.n t:J(l<'IIso.- ",,,,,-·Ie " ..in>cu­
lum (1~'Kdu~ .nd ,\l.cint.,.h, 19IH). 11u~in .. Aspden. ,nd Ilic~<)'(1990) p"",.,..,.J 01' ,heo<eo.ic>1
ground, ,h>! .he LLJF >CIS '0 incre.", ,he for"" per uni, of=-",cri",,,1 arc> ,h.. mu<de c.n
produce by up '0 JO%. Th<)' ""!W-"St<'tl 'm' ,hi. "'<.,.."" in It>n:c is .... hic...xl bj' c<>n'tr:llninil"
bulgin!! of ,he mu,..1es ,,·h.... ,hey ,honen. Thi, cwt<n,i"" rem,i., to be I,<,,,,.n. '!esh, Du"n.
• nd E,..n, (I 9ll7) ,uggc"c~1 th>t ,h" LDF ""l' be i"'l")rt.nt for ,url">rUng l,te,,1 hen,ling.
FunhmnoIC. ,he", i, no ~U<...tion ,I... <he LPF i. i",,,lId m cnh...,:ing .~.b;~l)' of .hc lumbar
column, l\'o doubt, romplete ....""n"n' of d,,,,,, notioo, ,,'illl.< pu .....c<l in the future.

Hydraulic Amplifier
The fin,l mech,,,is,,, ";1"""";:r.cd to unlo,d "'''''I....,,;'-e .11<:."" from ,he >pine " .., the
hrJ"ulic ,mr1ificr. Thi, hj'hrid m""h,ni"" ,Ie",,,,,]. on ,hree no,ion" Firs,. ,h" .Ie""ed 1M>
I"e",,,,,,,he hml'l,l.:c ii""',,,,e'l)' <>f ,he ,h<kmurul " ..II during en·n~",.The lAP ",u,,,I,,, ellen
h~xlr.uli< pres'ut< 1"oO"crio,ly ,wer thc >pi"e .nd p"'",,,,.bly throusb to ,hc umkrside of ,he
un: Fin,lIf', ., ,he e"en_ ",w,ele "' ..s rontracts. i, "'''I'''''I''>'''d to "I:>ulk" upon ,mening,
'g.oin iocre..ing ,he hrd"ulic p""'u..., U",Ie, ,he fasci,. The bi,.ncch.ni""l .ttT>et~lIlof ,he
1"<'S.ure under the f."-1> " th.. "')' Ionlfiludm.1 fun.., !!e"",..,ed 1Il ,he f''':I' reduce ,he nccd
for ,he underl)'ing mu",l", '0 rontribute ""en",r forces. the...d»·Io~-eri"g ,he rompr"'';''e lood
on the >pine. Iloth of lhese I"',!"""I, "'......., <1i""i",,<1_ Gi,-en ,he ,i.. of ,he f.",i,. hr,l"ulie
pre<>ure, would II".. to Te.... h k""l, of hundn'tl.of mml Ill" P,c<",rc< of thi, ",.gnitude ,implr
.r<: no< '~'c<1 duril\g re<:o<dil\g (C.... et ,I.. 19115)..\ loT"",·er. the presence or .1>..,,,,,,, of
lAP ",.le> little diff,......""" on ,he hooplil:e ~e'T}' of the ,1"lomin,l ....11 (.\ k(,;ill. Juker.•nd
Axlc,. 1'J'i6). os ,hi, i, ",ore mMul'l<'tlI')' ,hc po'ture.

lAp, LOF, and Hydraulic Amplifier: A Summary
lAP. <he m,,-·h,,,ic.1 rolc of ,hc LDE .nd ,hc exc,'ence of .h. hpl...ul,c ""I~ifiCT wc,e 1'1'01"'"",d
to >till"'" fur the p,r.oox that people ..-et< ,hie to I"'non" lifu ,II .. ,he sin'l~c "todel, SU!!­
gesred "Ut,ld cro,h ,heir ,pines, Yet. ,Id"",gh ho.h lAP ."d the LI)F 'PPC" 10 I~')' lOIn< role
i" IIfring. none of the ,h,,,,, p"'l"""d nweh.ni,m, ""," , 'e",hle "",I,n'b"" ft,.- ,he P'f:l"~" of
"n<rushed 'In"'" under he,,)' Io:oding. ..-he,her ",,,,idered "'-'p'T>,el)' or comhined ..-i,h ,he
o<hcr t"'o. The problem I>y in ,he ,implc moJd, of ,hrtt ,nd four dec.de, '1(0, 1\"01 onl)' "'er<:
,he , ..he, complex moch.nie> no' "'l',,,,,,n'ed ~ilh ,he n"""""l)' de!>il. hut .!so ,he ..rength of
,he ~<>u<> to hear Iu,J ""••1", qui'e "ndercsrimitcd m the e.rl~· ,<"St, ,hit used old c.d..-erie
"'ml)l", that "",." cru,hed und..n..th .,,;nci.ll)' stiff I'll"" of ""'eri.I<-'c<ting "'.chine, that
...",,,,d f,ilure ""00 e..lr

Other Important Mechanisms
of Normal Spine Mechanics
Sc>-·er.1 other ft,>tnt<, of",inc ",,,,,h.nie, inlluen<... fuJl,-~~m ,nd ulti"'>td}' underpin str,'egi<.'"
fur injul)' p"""ention >nd ",h>lJ<li!><K.n. The mos. imf'O",n, .'" pre..,n,ed here.
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Early-Morning ExerdSl.'

Ftooplc shoold no! und"rtJke spine e>:er·
dses-p.micula.ly lOOse IhJt re<]uire
full spine n"xion or bcr<lto&--i'-'" alta
~>ing from IlCd, given lhe elevJted lissue
,."""" ,hJ! """It Thi, WOlJld hold I"'"
for any occupattonal ..,k "-"1"'''08 1,,11
sp;ne range of mtJIk>o.
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Biomechanics of Diurnal Spine Changes
,\lost 1"'01'1. h,,·. "-'I"'ri."""d ,he eo.. of toling off ,hei, sock> " nigh, romp""d lO poning
,hem on in ,I>< morning. Th. ,liom.1 ,..,;"tioIl in ,pine length (,he ,pine I><ing long,,, .fteT

• nigh!', bed " .."j. '''l::Clhe, ",ith ,he .Lility
'0 fle• f""".nl, h.. been ",'e11 Jocu"",n,ed.
Reilly. ·lj-neU. md TnlOp (191H) m..",,,,,1
Io.J<.;n ;n .itt;ng hdgh' 'm'T • doy of up m
1~ mm. '!n.:y .Iso ttOI.ed th" 'P1..-m.imOld~·

H% of thi, 10>., IJ<;<;Urre<1 in ,he Ii..., 30 min_
0'''' ,fter ",;ng, OH'the course of. d'j'.
hyd"",,.,ie pre"u'es "'os<:. ne' ou,Oow of
f10id From ,h. ,Ii",. ,""oltmg in norm...';ng
of the .1'><.... I":t,,,.en the "ertel",", ",hieh
in tum ,ed""... ten,ion in the ligo",.n".
Whcn. pe,son Ii., dowII" night, ",motic

I""""""' in the di ...· I1udeu' exc.....d the hydro....i" !"",'ure, ,,"u,ing the d"c to ",p.nd.
Ad"n.. 001.", .lld 11ulton (1987) noted ,h., the ron"" oflumLor O..ion ille,..",d by 1° to
6' ,hroughout ,h. ,by, Th. inc...,«IOui,1 ,'O",.nt .ftc, ,i,ing fro'" hed .,u,",,1 the I"",b..
•piM to he mOT. re.i,"nt to h<ndmg, ",'hlle the mU!iCUI"ure did nut '1'1"''' til COIn!"-"n"". by
",,,rining the hending ronge, Ado",•• ,Id tnI1"lfUCS ""tilTl>teJ th.. Jjsc·b"nding ,rr""".....,..
i""",,,,,,,1 b)' JO()'I(, .n,llig.men, """"" b)' tIO'X. in ,he mo<ning romp.'cd ,n ,he .... ning; thc~'
mnd"ded ,h" tl><re i,," ioc" ..",d risk of iIliury '0 the", ri..."" duriog hmding ft",...n! e.tly
,n the morning. Roc..-ntly. S"""" ."d c'OlI"f!U<-" (I '198) tkt'''''''lr't<d th.. ,imj,ly .miding full
lo",h.., Oc><ioIJ in ,he morning ",d~1 1>",,1: Sjmpr"",s, We.re heginning to "ndo.,,,.,,d ,h.
m,,,hIDi,,,,,

Spinal Memory
The fur.ctioIJ <ofthe ,pine i. "".1""",,,1 hj--",,,,,,, 1""';I.... ""rivil)·. Thi. <JCCUt> h"""u",, th" k,.d·
in!; hl"01)' delenni"''' di" hplr,,;"" (.nd therefore the ,;« of til< di" 'I"'" .nd J i...- g<'-'''tlry),
...·h ...h in ""n ">oJ"I .. ,,, lig.ment "''' Ienglh, join, mobility, "itT""", .nd kJ.J di"nhution,
C"""",ler the f<~kl,,';ng ",.""no, McKenzie (1979) pml>""ed tlur the nocleu ....·ithin tl>< mn"lu.
'" ill""" .nteriorlj· during 'l~"" I"n",,,ion .nJ lJOS1erio,lj' durin!!, Oe.rion. MeKen,i. :. progrun
(If I.."i...... es,en,ion of the lomh", ,pine (",'hieh i, e""c"d,. 1'01"'1" in ph~-sic>1 ,he",py) ...'..
h1",,1 on the >Ul'po>ition th.t m .nterioT n",',ement of ,he nocle", wo"ld ,Ie"re... pre~",reon
the l""'enot l",ttion. (If the .nIlulo'. which" the ,nos< prohlem:on,: ,ite nf htTT1;,rion. Ilt".."",
of ,he ,-i!C'O<l' propcrtie< of ,he n""le" m:o,,,n.I, 'uch "'fl'>Oirioningof ,he nocl"", i, not imn><:di­
1Ie .ft". posru",1 eh.nge I." ""he, ul.:es time, Kng .nll """,,,ke,, (l9lI?) """'",'ed .nte,iN
mo'"ment "f th" nod"u' during lomh....'cn,ion, .Ihe" qo;te min"te, from on el1bu..«
e>perim"nt ,h:o, pl.""d ,.di(l~I,.que t"",I:"" in th" nod"u' of ",d"',,,ie 10mh•• n\Ou(ln
..,gm.nt>. Whet he. ,hi, olKe•.,..tion "'.. ",u,..l .imply b)' ....Ii",ih,,'ion of the centr"i,1
of the wcdW-,h.pcd n"de.. t",'ity movlnS fu,w,n! with flexion 0' ,.-", • mo.-emen' uF ,he
~'hol. "udeu' ,,,,,,.i,,, to he ......n. Non.th.l....... h;'Moohc tht'Ol)' ""oold "'gge<t I....'e' bulging
foree, on ,he posterio, .nnul", if ,h. nudear c"ntroid '''''''e,l .nterio,ly ,luring ",tension, If
{'(""I""'';'" fllITe' ...·ere .pplied to. ill", in which ,he nocle.. m".ri.1 .......rill I'o"e,;", (.. in
lifti,,1l' immet1iotel;' .ft"•• l,rulonr;ctll'Criod (If O",io,,), • co"""mr"ion of ..,.... ~'""Id ",-'CUr
on ,hc pos'crior .nnulo",

While ,hi, >pc<:;fic .... of n"",reh n""d. more d,-~"Iopm.nt.• tIIn< "",,,UIIt ''-....m. to he
.ssoci"eJ wi,h the redi"ri!>"tion of~ud..,," m.,.,ri.), If th;. ,,,,,,It i, correct. ;t ~'ould he onwi«
'0 lift .n object imme<li>tely following pmlon~ flc.ion. ,"th ".itTing o' ,,<:>oping (c.g...
""~'I"'d go.done, ,ho"Jd not ".nd eruct mlllmmedi"dy lift. h.,,)' ol,;e..~). Furthe,m"re,
Ado",••nd 110'''''' (1988) "'gge>ted th.. prolO1,ged foil fl..;"n I~'l" co"", th" 1"".<ri0l' lig-.­
ments ,,, C1'1.'Cp. ~ hich ",,~.•11",,· d.....ging fk>ion 1""'0'-''' to go unchecked if loroo.i, is "'"
cont",II,~1,luring s"h!equen' lift.. In 0,tolfyof pos"rit.. 1".,;,,< ri"ue""",1' ,1"nIlg <in;ng iII •
>louched I~"''''''' McGill ."J Bmw" (19\l~) ,no..·ed th.. 'm,r the 1 m;note> Following !O min-
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Functional Significance of Spinal Memory

II would "Ilf"e''If f'«"C':live 10 """Id lo.,ding 1~IJtely aile< a lxlur of rroIonged Tlexion. In 10e
ocwpalional world Ihi' h'" ,e1evance to ambulaoce d'i"'-"', for e.ample, who dri"" to an a<:cidem
scene wllhovlT~ luxury of lime 10 warm up (or ""'" lhe pai,l"" li,suesll,,,lort' lifting. 'Th<--y would
be wise to >il with ,1 lumba' p..>d 10 JW'id l~ml~1r flexion arod The aw><:iJIOO creep. The Jlhleti'
world pro-oides fP"O'l ""amllles as well, such as ";thng on the beoch belore engaging in pI~. n.o.e
wilh "",,;Iive ba<:k, would do .....11 10 .wid ,;urng 00 the beoch wiTh. f1eXl'd 1~mb.1r spine while
wJiting to jl<.'<"iomt. We <'t.'CeIltly qwntiHl~1 the loss 01 ,oml~i,H1,e in lhe I~mbar!;linewith bench
~iuing Oe!wf.'t'n oo...1S of athletic perforrrunce (Groen, Grel1it.., and McGill, 2(02) In elite volleyball
plJ}.....,Vi~=ty i, alsoa ron,iooJlion in proIongtod posIlJ'eS since ·inll......,lrklioo· inc...."" WITh
p'olonged SIMi, posI....-es. Sining in Thi~ "'''Y, Jnd lhe J~>od;lTed ch,1ngC!> in Sliffness arid vi~Oi\ity,

are de!rimeo",1 to athletes' perlorrrnnce and incre"Se lheir 'i>l< ol injury. We willa~ thiS I~
mo<e (ompl"'t'ly in Chapll" 13.

u'e< of full fl"xion, .uhj....:ts "''!l'';nt·d onl)' lulfof 'heiT in'<r",,"ebr.1 ~)int ""ffn"", E,..,n ,n<r
30 ",inu'c< of"''<t. ""no ,.."idu,1 ~}i", I,xil)' ",,,,.ill<.-<I. Thi' finding;'; 01 p>"kul", il1\l-"H""'ntt
10, Indi.ldu,l, "host "ur~ is ch.""".,i,,,d ilr.-yclic 00u1' of full end ronge of mOlion flO""""
follo.....,,' hy e,e,n,,,,. Ekfu.. lining e",nion. f,~k,.... in8' ""x'I",1 [X'''u" or ,ner prokmged
,;"in8, , ~oSC t""ld k "'ode for ..,,,,ling or C'o'cn ''''''''iou'')" ."ending 'he ,pine f'" ••1Ion
rcriod. AII",,"ng tho n""be m"erl.11O "<quilibro..,· or mo.'. ,nl<r'."1y !O , pO,ilion .ssoci­
"cd ....ilh """""11n,'!o,;,, m.)' deere,,,, foree< '''' ,II< flO"eriOT nodcu. in 0 ,u!:»etlUenlllnin8
..,k, u!!'ments ...,iU "'!!,in !Ott\<: protrtti,·. stiffness dunng 0 .ho" 1"-'000 oflu",b" <Xltn<ion.
In condu>ioo'. lh••n.tomy 'ltd g""'''.''y 01 the 'f!lne 0'" 001 ""ic. ,\I""h res<:orch ",,,,.illS '0
II< done 10 u",Ie""",1 the impo""'"" of ,issue loa'ling hi,,"'l' "n ,ul""'l""'" hio({)ech,nics.
,.lubili..tion ,h,..."",•. on,1 iniur}" ""'1.'/"nic>,

Anatomical Flexible Beam and Truss:
Muscle Cocontraction and Spine Stability
'In. ""coIi8",,.,nrou, ,pine i. 'o"' ....,lut of '" on>tomieol p.r.od"" It i. , "Igh"hc-aring,
upright. n""ible rod. Ob>en~lionall)', the ,lulilj' of th" joints of 'he 1U1"Ir pine to bend in
on~' dl"""io" i' """",,'plish.d .... I'h 1.'llC """"nts of muscle ,"OI("t.I"",ion, Such co"'tlv"ion
I"llcm. '''' lX",n'e't'n><!""l".e 10 ge"""'lin8 ,h. '"''I''' neces...y '0 "'1'1l0" ,II< 01'1";",'1",,1.
Coortl,~tion i••1"" ,uur"erprodut·ti"e !O ",inim",,: 'he )",<1 I"""ltr Illlf'O'Cd un the 'pine from
IIlUsc). ronlrKtion, RelCOrcll<rs h"e pos,"",ed ""·",,,1 idot:" '0 .,pI,i" museul" =cti\'''ion:
In. ,lxlomirul muscl"" "" inml..."l in Ih. gen,,,,,lon "f 1,1.1' (I)"i .. 1~59) or in p",,'i<1"'8
""I~x>rt lon.'eI '" ,II< lurn!>.. >]lI1lC ,i, ,II< LDF (G...con~'k:l·, F.,-fon, ond Lo"'y. 1981), Th,.,.
iJe., ho,e "'" Leen "'i'hou' ",,,,,,,i,ion (see ",""iou' section,).

AnoIlI<r e"""nau",, fOr m"scu"r<mctl,..,""" I, teruhJc. A lig:omen,ou, '!'ilte ""ill f,il un,leT
Ctlnll'n."';,'e ""ding in 0 buckling mode. " alxlU' 10 N (.bou' 5 Ill) (Lut·" ond n",<I.,. 1%1 j.
I" othtr ....",.d" .1>"", 'l~ne i' u".LI. to be" coonp..",i".lo"d! '!loo .pble "''' be likcne<! '0
, " ..Ihle rod lito, "'il' huckle unde' comp,.,..i"e I",ding. 1-10...·"·.., If ,he rod ho.. gu~' ,,'i,es
conn,,,,,.d '0 It. Ii ke ,h. 'iggm8 nn , ,hip's most. although more """l"",,,on " ulnm..cly
e'l'"rieIlCod b)' 'hc rod, i,;, .hl. to be.. "'uch ,"'". ""'"l''''''''''' l""d Since it i' stiffened
,nd 11I<,<lOre more ""Ist.n, 10 h",,~l;nll" The coron'r>cring mu""ul""re of III< 'umb" ,pine
(the """il>le ho'm) cm pe,foro, the m'e of "ahihzmg guy ....iTe. ('he 'russ) to ,,"eh luml,.T
",,,,-hr>. htKing" '1>""'>1 iJuddm!!, R...n" ~'orl: IlJ' CriS<.".nd Pa")obi (1m)... wdl "llJ·
ChoIe"'ickl and ,\ kGili (11")6). Cholwicb. J"luru.•nd ,\ lcG;1I (1999). ond (a,Jne'·,\1orsc.
S,oke.. 'nd L"ble (1995). h" hegun to qwntij}' the infl""ntt of ",u""le "ehi,<'C1U" ,ne! ,h.
n«·t"s"'I)' co",,;,..tion '''' lu",l>", <pine ..ubllilj·. The ".ltlt""urc of "uny t<>r<o "'usc .... "
""""",lIr 'uiled for ,he ",1< uf,,,bill,_,tioo (,\l",;n,,,,,h '''d IlogJul:, 198i"llcG,1I ,nd Non"'n.
19l'l i l·
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Muscular Co<:onlra<:tjon

In order to ;n,.:>"" the antibuo:kling and
stabilizing rJIl'CIIJnism dur,ng lif,ing, one
(oold ju"ify lightly (ocontracung ,he
n-ous<:ulaturt: to minimi,. t"e P<'~entiJIof
'pine buo:\:ling.
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!!1jury Mechanisms
,\bn}' dim,';m<, cngim.'eT>, ,ml e'gon",,,,"" bdi<w ,h>, ,edocing- the ,.;,;\: of 10.... h,el: In",ry
i""..h'« ,he n:ducoon of 'Wh"d 10,,1> '" the ,.. rious .,,,,oon;(".1 roll'l'OI'cnts at ri,1: of ,njul)',
II 'i,hollt 'IU""ion...duroon ofexce..';". 10,,,1, i, benefi.
e..I, bu"hi, i. an ,,,.....-Iy >I"'l'li"ic I';",\\,. Op<imal,i,,,,.
health ~uiw; .n ..,..ck1><: oflo,ding-, no' '00 "'och or
'00 lin Ie, While SOl". occur',ion, 'equire Io~'e' Io.d, '0
,edo<'" ,he mk, In ""I.n...-,. o''ClIparioffi ,he risk ",n h"
h<.'n.r retlo<"d ...."h ,non: "'"Iin!! ,nd ",,'},n!! ,he natu1'<
of ,he Wing-, 'I;, <lecide ~'hich i, I:>cst, ,h" dinic;,n "'use
h".." , ,ho",ug-h untlt."..."n,ling of ,h. j,iomc'Chmics of
u'Jul)', ~'h;"'h "~,,cs ,n "'" I"m, Fir>< .. , lond "-~'''-''''

of ,he iniul)' ",,'Ch,ni,tn, of i"di"'d".1 ,i,....es; serond i,
• ,lescription of ,he m",ry pithogt."""" ",d "",,",,I miur}' "",n..M.>.. Aho n.",led i, an umb_
..anding of g<.>neric si'u"io", for 101\' boe\: ""ne da"'.ge <!«<.-nocd in ,he ,i"ue injnl'}' I'mncr
",heendofeh,p,e' I,

Summary of Specific Tissue Injury Mechanisms
Thi. ,""",ion pro,'ioo. , "ery brief description ofdam.g" f",m e"""",;',. I""d, All ini",ic. ""'ed
,re I"'"....n '0 he ":ecl."",,d ~'ith r<1"'ri,il" lo.ding.

• End plJJtn, Sch,,,o,-I' node< .re though' '0 I., he,lccl .nd-pl.« fnetlJr<" (Vernon_
Roberts .nd Piri., 197J) .ndpit> ,hat f<.>n" fro", 1oc,I,tt<! underlyin!! ,nbc,,,,I,, bon. ,'(lllal""
(Gunnin~, C,II.gh,n, ,nd McGill. ZOOI) .nd , .. linkd '0 ".,,"'" (Aggt-a~",11 e, .1., 1979). In
f,ct, Kumhcrg (l98~ doeum"nt<~1 (vi, A1Rl) "IOmarie Schmo,l' node ~m""ion in • potient
fOlI.....·;n" foreedlumwr Ikxion th" resul,ed ;n an injury. I'COI,I" 01~"r<"t1}' ,re not born ""i,h
Schmorl's nodes; ,heir presence" .ssociOled ~'ith, ">ore .ct;I', lif''''l'le (~l,,<k1,tle, Ann.".
mel F<>>ler, 1(192). Under c.cc~";,'e ct>ml"e~<i"e lo.ding of <pin,1 unit< in the 101.,,",ory, ,he
.....d )""e 'l~"'''' '0 1><: ,IK fir>< "",,-,ure to 1><: ,n,uroJ (Brinckn",u" BilW'''''nn, 'ndllil",,!!,
1m, CoII.gh,n ,nd ,\leGill, ZOOI.). StU<lics h".., ,.,'.,leoJ "nd·pI... ,,'"lsOon unde, .."""i"e
m'erior·I'"""'~"sheorlooelinll'

• I""bra•. \'crtel...1c",,-'<.'Ilou. Ix",.;, danulled umle, mmpre",''''' l.... ding (Frh,i. and
Sth.IIkr, 1m) ,nd of,.n ,cron'l"niel disc h"mi..ion ,nd ."nulor dd.tninotion (Gunni"g,
C.Il,gh,n.•nd .llcGill, 2001),

• Dis< aM"}"', s",·,...1'jl"" ofd""o!!" '0 ,he di,,-' a"nulu' 'l~",.r to ocrur, C1"""c d,sc
h"rni..ion 'PI"'''''o he ,w.>ciateJ ~'ith ",pe""oJ lIe'ion '''ooion "'i,honl)' n>ode..,. "",npres.i,',
I""ling ""Iuin:d (C.II,g!un .n,1 McGill, 1001.) .",1 wi,h full 1I...on ",'i,h 1".,,1 hending an,1
""'i<tin!! (,\d.n" .ndllu,,,,n, 19l1;: (;o,do.", 0' .1., 1991), Yi"gli"j( ,nd ,\It{;,11 (I"'No, 1"'l9b)
<Ioe\Omen,.,.j "'ul"on of ,he 1.,...1,,,nul,,, "mle, ,n,.'io"'po<>,erior she.. looding,

• Vi..- nude.... II'h,l. 1!uche.lte, (l9\lj), ~'hen .demng '0 ,he d,,,, nudeu.. ,u,ccl
,hat "no other mu"-"Io.kd,,,,1 10ft ,i,,,,,, 'tru,'tUre unde'1fOC' 101CJ<e d...",,,ic alter"lOn' ",i,h
'K",' the ,..I.,ion,hips .n>ong Iooding, di« nu,ri,>on, """",.sing rooc."",Uon of ,·;.bl. cells,
"""umul"ion of ,kgr>,led m,un mol"""les, .nd F.tigue f,ilu'e of ,he matri. n:nuin ol"'en,,,.
Ilow,~.....-, m:cntl)' L,,," ,nd Chin (2000) do.,,:umcnt<-cl thot ,,,II deoth (11'"'1""";') ~,.hin ,he
nudeu' 'ncre."" under ...-cssi,'. rot"I",.'"i,,, 10>,1. I'".re<ti"g1j', ,hese ch'''ll<' or. go:ne.. llj'

no' dC1ec..l~e or di;ogn"",hle in ";1'0.

• N."",j""" (posttri bony .kmmb), Sl'on<!j'liti" (",:'u"" are '''''''gil' '0 "",-"r from
..pe"eJ ..""....t...in ',,,,, 1, ,,,oci,,eJ ~ i,h <yclic full lIe"ion .n,1 .",en,ion (""'nell et ,I"
1"'16: Hanlc-."Ie, Anm."., amI F,,,,.., 19\11). Cript<'" ,,,,1 coll..gue. {199.\} md \ ingling- an,l
MeGill (199').) ,Is<> doc"'''''''ted ,h" ..ces..,,, .hc.. fUrc:<:s c.n f~·'ur< I',n. of ,he orch,

• Ugtnnrms, I.ig-,me"t>..em to ""ise at """cr IoO<l "O,to Ixu ,car in their mid<ullSt.oce at
higile, Io>d "''''' (NOj"" Del."",,, ",d To,,;\:. )m}, McGill (1997) hnlO<"""i,." that I.nding
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L1';ICAL
RIlLVANCl Reducing Tissue Damage

SUmrnJ(i21ng injury palhw;rys lrom In vitro lesllng. evidl""e W8l,oe!>lS I~"" rerlUClion in specific
li»ue d.>mage (ould be a<:rompll>hed by oong lhe followingo

• Reducing peak land (unlul.li""l spine (OO1rre>,I"" load> 10 ,<.'duee lhe risk of end.plale
fritCwfe

• Reducing repeJled Ij}ine moIi"" 10 foil fIe.ion 10 reduce lhe ,Isk oidisc; herni,llion (redo.;.
ing spine fIe.ion In the morning reduee> 'ymptoms)

• Reducing ....'pmwd full-'aoge He.ion 10 lull-,ange ~"Icosiun 10 reduce lhe risk of pilrs (or
"'-'\Jfal .relll fra<:lore

• Reducing pc.lk and curoolallve ,hea' forc", 10 ,educe lhe ri,k 01 1<><:I'\.nd """,al arch
.bnage and PJ,nful discs,

• Reducing slifJ> and lall, 10 redlXe the risk to ras,ive wli"!,,,,,,,,,,, ti""", wch as lig.>.

~"
• Reducing lhe length of lime sitting. particularly '''qlO$<J,e to §eJ~'<l vit>rJtioo, tn reduce

the ,is.k of disc; heroialion or acceleraled <legelll'falion

on the l.",ocb from , f,li "'ill n'l'lo,," ,he in,e"l'iooo, compte. gi,'<n ,he dOC1,men,ed r;,,,,,,,
(.\IC(~ili ,n,1 Coll.lglun. 1\>9'» ond joint loleronce. F.liing on the ),,,hind inc",."" the ri'" fi".
l"oIooged dt"bility (lrool', ,\1onin. ,nd Llupl. 1981). ,,-h;ch i, rons;,,,,nt ,,-ith the prolonged
lenglh of time i, ..~es tQr Iig''''''''100' ,i,,,,< '0 'eg,in Slro<to,,1 imegn,y" h<n roIlll"',ed v.'i,h
O.heT ti"o", (\\'00, Come:<, 00<1 A1:"",m. 19l1;)_

Injury Mechanics Involving the lumbar Mechanism
,\lo"y ......., ....-11<:", h,,'e esulili,hed th., '00 gre... lo,J I'l,ceJ M' ti;.sue ,,'ill """I< in injol")'.
Eridem;,,1ogi<o1 ""dies (I-liM" '" .1.. 1'190, ,\1.,,,, et .1., I\l'JJ; Norm,,, et 01., I~, Videm,",
Normi""n.•nd Tmup, 1990) h"e I",,,..n <11i. ",>tiE'" bj' iocnbfpng I"'ok k"ding 1l"..,un,. (i,e..
,he". """,fIrt-"ssi"". tnlJlk ,-doci,)'. extensor mor"en,. h"",'y ""r'" err.) .. (",or. <11.. '-"-'I~,i"

,he fr"'l"ency ,nli .list,il""ion "f reporting ofh,ck I"'io or incrused ti'" of"",,~ injury. How_
cn" the ,,-":ueh fill- ,~reet e-.-idenee ,hot linb >pine Iaod ,,'i,h '''-'-"''I"ti<m.ll",., hock dJ,onlcr<
(LBD» on.)' h.,-el><en "'l1ll"-"'ed bj- focusing "" tOO n.rrow, ""l!'-" of ,..,;,W= R"",.nh.",
hOl'e p.id. n,."i"e '''lOUnt f)f ,ucn,ion. for ,,,,"ple, to. single ,..",hle-n,tIlel}', .c,,,c. '"
,;ngk m..mmm ""l'O"''''- 'no lo",b" ".nllT,...~m. A fe",,' .""Ii", hOl-e wgg""cd thot higher
b'd, ofe<."J'''-"'''OO e.poso'c ,,,,,,,.,,ed tbe ,;,~ of l.BD (e.g.. 11errin .. ,I., 1986).•I,h""gh
the e<lITeI.,;"n ,,·.. low. YC\ .some Sludi<:, ,hO'" ,h., highe' "'''' of L81>. occo, "'hen le'-cl, of
lum)"f CT.np,,,,,,,~m're "",,ono"l}' low.

In "lOt..,,,. II.dler (19')1) d,imed <hot the incidence of I,,(~ iniury h.d "'" dedin.-d "'-tt
th< p..' 25 }''''". ew" .11er incre.sed re",.n;-h ,,,,I resources h,d been Jedie"ed '0 ,be ,re,
""or thOl Lim. frome_ II.dle, su!!lfC",..l th.. ,he focus he turned f!<"On hio""-'Chonicoleau",, of
m,ul")' to d<~-.lul'mgmOf< ·mOlf"....hle" worlq~..:.... Ilow",-... the ........nh des<.,.il><d th", f..
in ,hi, '"" h.. "k.rl~' OOeoone,"ed linlos to ",..h,nit.1 ".",hle" CI."I}'. LBD .-.o..li,y is oft<n
."remelr ....."pl•• with .11 ",ns of f.>etor< inte'>ering. lI'e will """,,;,le, """" of those be<"",
In the foIk",-injl "''''IOn,.

Staying Within the "Biomechanical Envelope"
\ \Or~ to on,Ie'Sl.n,l ,he "s~ oflnc~ injury in OCCItI"',ionol oonte'" "os h"l ""1")'0'"'''' fi)f' ,... in·
109, Fo< """Olple. monr ,.,..,.",he", h,,'e "".bli.ool ,hat too greot. I""d p1.ced on , ,i"". will
r.",lt in iniory-. EI>id,-"",;'~og;""l "".I;"', On ",,",et'< (1 [illl.o ...1.. l\l9O; .\10m, '" .1.. 199J,
Nom,.n et ,I" 1'1'18, \'Id<""n e, ,I .. 1'190) h..." [If'O''en ,hi, no<ion bj' iocmifying I"',k .,,,Iing
m." ...."" (i.e., .h.... eompre,,;on, trun~veloei,)", ext"""" ".0::...'-"", he"'}" ","'" "tc_l .. bet,,...
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'hn ""I~ain 'he fr"'luency 0"0.1 di,uil.."io" of reponing of L-><~ p.i" O'r i"cre.>ed ri>); of Ncl
inju,y IVh" ",heT mcd"n"",1 ,-ari.hles modubte Ihe ri,k of Lal:>" As I>O/ed in d"p'e' L
'hey are., r.~lu,,~,

• 'I,x, m.ln~' repcti'~m, "f f"",e an'! m"';,,n 0' prolonged P'''''''''' .nd k",k h"'e .1,0
I",en indie.,<tl .. polenti.1 inju'y- or pain-....u'ing ",,,,h,ni,,,",,

• Cumu!.",,,, loading (i.e., comp,e"ion. she". or e>:len....- momenr) has been i,lentifie,1
as a 1iI,~ur in 'he rel'urring of b.ck pain (Kumar. 1<)9(1: Norman ct .1" 1998)

• Cu,nul.. i"e e'l""nre '" u,>eh'''gi''!! "'O'rk h.. been li"led '0 r"l'oni,,!! of 10", hack p,j"
(Holmes et ,I .. 1'1'))) an,l in",,,,,,...I>,,,1 ,Ii", inju'}' (\\'lem.n et .1.. 1990).

• .\ \'l')' per,,,n,1 foe-ror> 'l~",ar to .ff= .pi'I<: ti"",. '01""'n..... fur =mple. 'ge ond gender.
In • mmpil,(inn of ,he ,,,,ilol~e li''''"",e on ,h. toIe",nce of Inml.., ",,,,i,,,, uni" In I",>,
eompn.","'" I,,.d. J.ge, '1\(1 «~le>gu'" (1991) nOl",1 'h" "n.,n mol", and fem.b ..e m"eh.,1
for 'ge. fem.tes ,re obi. to 'u'''m "nly .pl'roJ<im"dy '..-o-third. of ,h. 'OInpr"""·. lood, of
",.t... F"..henno.-e.J.ge' .nd coil.,!!"",' dll. '""".d th" "ithin. gi"." !l"nde,•• 6(l..ru,-oId
"'as .hle 'n 'o!e.... only .bout t..-o-,hink of 'he 1,,.<1 ,nler"..1hy. lQ·J-e..-oId. 1n"", d", .re
helpful m detcnJ,ininl( the "1'.i,,,,1 tuinml( to.d,.

Tn «.npl;"'te the flictu,e. Holm and N",h..·m"", (19l!,l) sho",·",1 ,h.. in""",.,,1 lei"'!, nf
Illu.ion are l>cnefi<'..lm prt",ding numtioo ttl 'he sttu<:tu,e' uf ,l,e ,n'en·crteb.-.I di,.,·, whjle
In u<:h ()f0lJ r I>b:. 'e><' rdl h.. det'''''''''''''<tl that '00 n" tIy m",ion cycles ('0 full fi .rio,,) """ lled
in inte"""ebrol ,b", herniation. lIucl.,.."I'er (I 'l9S) ,,,,,,,Lo,,,,1 in'",w"el\r.1 di", d.gene"'~llI
",,,h 0.1,,,,,••,.,-<1 nu,ri,;"n. Meanwhile. \r,d"",," .nd rolk..gue, (1990) .howed tim 'oo little
motion ftut1 sede"..!}, w"()l"~ t"C>ul,oo in in«",.rtel",,1 di ... injury. \ \1tiI. w'ork.rs "'110 perfonned
he"T wo'~ we.-e .J"" ar incre,..,1 ri,l: of<k,·eto!,ing bod: ,rowhl... "o,kr< who We"" im"I'",d
1lI ,'an.d 'rpe. of work (mi.ed wor~) h,d ,he lowest ,i'k ofdc',,,1<'I'llIg , .pine Ill'''!}' (\r,dcm.n
et 01.. 1990). Thi. I""",,,nt< ,h. ide> 'h" '00 li"l. ,not;"n or 1000.1. or '00 much 'notion Qr 1",0.1.
<"On modul>.. 'he ri,~ of ,pin.1 injury.

A .nnplc exl"";,,,en' c,n I", r<~..,.ljng. A nmnl"" of ~".... •w' we .<ked • gn"'I' of ..hle'e",
'0 ".,,0.1 "'i,h ..... rbc:t1 On 'heir <Ito"lde... We "'''e n, ..",ring 'l~n,1 ",icro>hri"~.ge.n,.n ,,'e
.sked ,hem to roll 'hei' pel,-i, .nteriorl~· .nd f"l'leriorly '0 iml"rt SQlne gen'~ mo'ion '0 the
lumhorn:gion ("'. fi!!"re j, 11). llu:y relll"".,.j ".nding upnght. We hod tI, ,wp the "'penmen'
due to the I",n report<tl by 'he first few ",bjnts, Tr.inin!! 'I';"" ,,"",,'" "ndcr )0,0.1 "''luire,
COlu,ion, 1\'0 >pecific gI'L,leline< e,j" fo' Oe,ennlning ,...ining I",ds_no.. COln ,ueh gI,idelin""
""''' fot' e.eh 'n<lividu.l. 1ne pn;n' " th.. ,he", no,ion, .re ocknowl..lged and ",,,,,den,1 on
.n indh,du.1 ha,i •.

SlOOp VerSUS Squilt in tifling In;ury Risk

While 'he scienrlflC me,hod ,,,n f"""'e th.t. phenom.""" i, !,(",Ihle if ol"''''e,l, liIilure '0
,~,"'n'c ,n., <XI"'cte-d ,e",lt <10:... nell dimi"",. 'he j,,..jhiliry. One m'r only ""ndude ,h.. ,he
<X1",ri,,,,,,,, " .... inl<l.,;ti,·. til ,Joe partiruloq>l",,,om.,,,,,,. n-.e ~I"wing di":ussion... with ,n..,y
in ,his book, is ,n on.mp' '0 jncorporo,e ,hi, limllO'ion .nd tempo' i, ""ith dinic,l ""is<Iool,

In 'l'''-'';''''' "'<'mn. lifting wi'h ,n., 'nno flexmg .Ix",' 'he hiI" rather than lIe'Xing the 'Pine
w·.. ""I;'<Cd ond d"s<:ribed Sl""ific,n~,. the lift.r el"'ted t" "'oint,l" • n""tr.1 lumb.. IlOO'ufC
""he, ,h,n .n""ing the I"mh.. reg;on '0 II"" I·lere "'e ""ill ree"mine ,he lifting "'e-n-ise.
hu' the lifter 11ex", ,he spine ",ffic;'ntly 'u e,use the l""ten,)O' Ijg.ments to 'lnin. Tn;, liftmg
"'Uteg}' ('I,;ne fi",;"n) h.. qui'e dun"';' effCClS 00 ,n.,or loadml( of the in'''''"..e!>nl ,,>lurnn
,nd 'he resul"m Iniury ri,~, Th. domin,n, direction of the 1"" I"",boru'" f'be", of ,he longis­
simu, thona, .n,1 iliocosul" luml'''''m muscles ",hen 'he lumbor ,pine ,em.m"l in neu",,1
!or,k"i. ","",0.1 thes<: 1I1us<-1cs ttl prodUfC' I"""coor ,he", fore" on the 'upemr '·erteb.... In
con,r,,,. "'ith >rine n.,.;"". ,he ,,,,,i,,,,,1 il\'e"l,in"", ligon,.n, COl"I>lex g.ne""", force, ""i,h
,he "I'1""i'e "'~i'lujty ."d 'herefore imp""" an .n'eri", ""'.. fore<: nn ,he ",po,inr ,-eneh"
("'.... n!!",e, S.U .nd S, 14••-b).

l.<:t's <""'inc ,he 'l""ifoc force< 'hOI resul, from lI«ing the lu",\>or 'I,in", '1nc recruited
lig.ment< '1'1"''' '0 con"ih"te to the 'ntorior she" fo'"" so ,h.. ,h,.. , force Ie-'els 're likel}' to
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Flsu•• 5.12 Stand'ng with a b.lr on ,he shoulder, .00 (.) cyclically fte,,"8 aM (h) ex'endong the
lumoor spI"" I, I"'inlul .00 di""ming----prool tha' tr.ini,,!! ,r., ""'<led 'I""" through. ,..,~ d
motion 'equir~" .,,"eme ."""ion.

Pulling Knowledge Into Practice

While the """OIl thai 100 much of any 3Cli,fty Iwhelhct iT toe sitting at a dl.,k Of loading heavy
11OXC5 onto pallel~) can I:oe h.armful i, widely ,<;<;~, it i> rarely t.lK<;n into aU:OUn! in pr.><;ti<:e.
fOf e"""l'le. ioou",i.1 e-rgooomic' has no! yel whoIehe,"l'dly emb<ac~'Ilthe idea thai no! all
iobs "'-"-'IltO toe """'" les, dl'milndiog, 11k', some jobs "'-"-'Il much trI<J<e variely in me palTCtn> 0/
rnuso:uloskeletal Io.wing, f)f 'h.1I there is rXl such thing as "be>t poslu"," IQf S<tting. It is tirroe IQf lhe
proil'S,ion a5 a whole 10 ,.......'ITIbet thai in any job, the order aod type of loading 'hould be coo­
"OC'ft-'Il and the OC'milnd on tiWJI:'S should toe varl('(l. All S<'(k'flt.lry wo<kl>JS should be taught, IQf
">x.,mple, to a<lop!., variable posIure Ih,lt CJU>e5 a migration of 10.1<1 from tiS><>e. t<> tis~, reducing
lhe 'i5kof lroubles.

""cectl 1()OO N (!H Ib). Such I,'I!< 'heor fortts ,re of I:(l"e" COllttm from ,n inju.y ri'k "","'­
poin,. Ho..-e"", ,,'hen. ,nore neo,,,,IIo,,Iol;c posture i, .dopIed. ,he ""en",. mu!<~,I""", i.
'.'pon"l,lo fi" ,-",,-..ting 'ho ""'en",, mo,,,,,n' m,l >t the "m. 'imo p,,,,,,b, In"e,io, ,heu
fUn,. 'hOI "'PI""" the "'ttrior 'he'ring "",ion of!I'"",i'j'on 'he "I~""body md hmdhdd h:>od.
The joint ,he" fortt> ,re redvce<llQ ,00", ZOO N ('00"' ~5 Ib). Thu•. using "'u",le '0 ""I'J'O"
'ho """non' in , mot< """,...] I"""'t<, ...thor dun being full}' Aned ,,·i,h lig>mont< 5Upporting
'he mOIne"'. 1>'""ly «x1oce"!. ... I".ding (set: "bl. 1.10).

Ou,n"r,,,,,,o.on of ,he ri,l of iniu'}' ""1ui",S • COOllp:ori,,,o of ,he .pplioo ""'J to ,h" ,01",~

''''''' of tho 'i,,,,o. ('.ripton ,ml coIte,gu<'5 (19')5) hm,l 'he ,h"" tolor,,,,,,, of ,he 'Pino '0 he
,n the neighborhood of 1000 '0 2800 r..; in .d"l, t'do,u,", lUr one-Orne k..ding. Re,,",nt work
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fi80re 5.13 Thi, 1lJr<i<""" '1''1"'''''' to "" "'!ol~i"S •
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hl" \ingling .nd ,\kGili (199''- mJ 19';%) on
pig ,pi"e' h...00..'1\ thot load r"" is not. ""jor
mooui""cof ,he.' tol....""" u"l.., the 10",1 is '-el')'
h..lli,tie, .uch .....'hat might ""our Juring ••hp 0",1
f.lI, Thi, =1I\I~e demon,,,.,,,,, ,I,., the '1""" is ..
"'uch greater risk of""'U'ning she" inj,,'Y (, I000
N .ppl;.., to ,he ~Hnt) (214 Ih) ,h.n o:"'"rr"~",,<

inj",!, (JOOO N '1~,li<J to the joimj (672 Ill) ,jml,ly
be<:a"... the 'I""" i, fully lJe<e"l. (For> n..".. coonrore­
hen.i,,, iii"",,,;,,,,, """ .\lcGill, I 'J'Ji,) The mugin
of .. ret), i. much 1.'J:Itl in thto ''''''I"..,,,i,-,, nJO<k,h.n in the ,,"car mode ,i""" the .pine ... " .. fell'
tokrate well ",-cr to kN;n C()JJ,pc<",~m.hut 1000

N of sh"" "au«..' iniury with qdi<- loading. Thi,
".,"ple .1"" ill"".."" ,he '>eed for din":i.", .od
ergon<.ni,ts to con";,lo. mhe' loading """Ie. in
..Idili"" to simpk ",,,,pre,Ii,,,,. In this =11l1~C the
""I ri,k is .",...ior-llOS'ertor shear Iood. In,e,OSI­
ing]l'. l\""",n ,nd colbgu",,' I'I'i~ "",ly sh",,·ed
;o.n' ,h,·" to oc "~O)' i,nl.,nan' .. a me,ric fur- ri,k

of iniuO)· of ,u,o I~'''' ",urkers, I"'rticubrly cumul"i,'. ,he" (high '"'1><,;,",n, of 'ubf,ilu,""
shea' lo.<i,) o\'e' a ",·,,,k<l.y.

".~ on",hI.. consiJ.:rotion imringc. on ,he int,",!,,,·..,;"n of injury n'k. Th••bili,y of ,h~
,pine to oc" load i, • fu",--nOl' of <ht ,""·"ur< of ,he spi"" in ,·in'. For .... ",ple. Ad,,,,, .nd

Figure 5.14 ,''''''' ",lgi...1coml""'''' i .....ll" hit"",1" from ''''' .,"""""-.... Condu<.I<<ldfOUnd , 967
illo,".'. {aJ lhe jully f!;"ed ""fie Ih., i, ."oei",ed I<'irh m\<>c!cdlle .il"""" in the h.ld "'t""""•
• nd ",.,ned posl'-"''''' I"'"ive I"."", And high ""'A,ing he", on lhe lumOOr 'I""" (loom hoIh 'CdC·
'fOO .he.r on the uPI"-"' I>octy.nd in''-"''Pi""", Iig"""",' ",.in. fbi" more ne<J"AI """" pos'u,.
'ecrui" the f'o''' lomborum muse'" grOUI" .nd .I'g", the fil"", tn suppon the she., ion:", I_
flgu'e 4.27). In ,h,. enmplc. fIO"o,c a '",ul,oo in I 'lOON oi '''''_It IWI! on the lomba, ",i"" "+'il,,
po"'"'' b ,"""';cd ,he ,t",., 1.-....-1 to .lho1J1100N'
....'_ ,.., ...0.-"-. "'''' , ..... """"L "" f'4"' .............,..- ........, t."T ""'~ .._ ..,_
..'"'''''' ,_."''''', ,..,. w"" P""""""" ..... 11 ""'_.
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~n("ANCl Sloop Versus Squat

Moeh h." bet'n "",iHen on the WJoj) ~yle~ lhe Sllwt ~yle of liiting. T\'I~C.llly, c<>"dv>ion~ were
1Ia><.>d on very ,imple "n.aly"," tllal mea>Ufl'<l only the low back tnOI1'lefll. The ",,,,,lion moml'OI i, a
[unclion of the ,i,e anO posilioo of the I""d in the llands anO lhe pos'tion olthe Cenler of I'n;lSS of the
upper IJOdy. As lhe f-'l"e\'ie>us example demonstrated, the i!6Ue ;s Jetwlly much~ complex-the
lumllar spi"" curvature determi"", lhe sharing oi the IOdd between the mllSCl", and the pass;... lis,
wcs. In addnio<1, .'xh individllill ek'<:t' the way in which agon'Sls anO amagonl,lS arc Co.,cti,'ated.
n"..s, the >pine kinematic !l"IOl'<m patte"'" together with the n....~c1e JClivation pilIle<ns, he.1Vily
Infl""nce the resulting spine load and lhe ability of lhe !fl''''' to llear load withoul damage, The ,isk
of injury is the ",al issue thai !l"IOlivated mosl oi thl-"", tyP'-'" of arlalyses. y<'I it waS not add.."",'d
with wificient detail to Ie.ld to a eo«co conclv>ion.

collo.gucs (II"H) S\Iggoslod thot • lully floxed spine is weAer th.n one th.t i, mOOe,.rel;·
flex«!. In , recent 'lUd;', Cunning, C.II.ghan, md ,\leC,1I (2001) >!lowed th.. a fullt, Ae.e<1
'pine (u,i"l!" • romroTled poremo 'fI1"" TllO<kl) I' 20% to.j()% w,...ker tha" if It ~'<re I" •
""ut..1postu""

Motor Control Errors ;If!d Picking Up Pencils
Alth<>Ugh clime,.n. often he" pauent> repon In;uri« from ..eminl(ly benil(ll u,k< ("'eh
"picking up • pe,,,,il fro", the fluor), this ph<"",,,.,,,-,n ,,'ill 110I be k.."d in ,he scie,,,lfic
lite..l",e. Ikc.ou.. ,,"eh an inj",y wo"I,1 not he deemed compen.. l~c in ""'"j" juri>clie,I"",>,
",,,li,,al pcrson"d rarely ",::-ord tbi. '11"' of e..ent. I",tcad 1"'-1' .nrihu'" the <..".. d ..... he"'.
,\lor..",." ,..hile iniu'1-' from I'rg< exonio"" i. u"dem.nd,I.., •."I~.i"l"g Inj"O)· ,hot Ot"CUrs
d"ring pe,fom..nco of "",h light t"los i, not, The follo"'ing is ,,_h """"dering,

A numh.T of rears ago, ".Ing .i,k" A"o",,,,,')" (,,, a ..gin.1 ,ie,.. of ,be I"mh" ,pine,
~'e In"e>tig"ed tile ",oclton;cs of l"""'erllfter:s' .pi"", ~'hlle they lifted <.'tremdJ' hea,}' ~)"I,
{Cholc~ i<:ki .n,1 ,\leGill, I'i9!}, The ..nge of mc~ion of the litters ,pin", ~.., colibro,ed .nd
no"noh.od 10 full Aexion by fir>! ."'ing tbe", to n... ot the wmt and .upport the UPI'OT bod;­
.g,in'l gr,,'ltr ... ,,11 no lo.d in the hand" Durinlf ,be lif", although the Ilf,." al'l'earcd
out~,..dlt, to h",o, "eO)' l1eX<d 'pi no. in I.et ,be lumh" joints "'ere r to;' pe' ~)int fn"n
full fl""ion (see figures l.l\ and 5.16), Tbi, e'l't.in, 00,,' tbel' could lift web m.gnlficent ~)"l,
(up to ! 10 I:g, or .pprmimatelr ~62 Ib) ,,'ithout .u",lni"g the injuries that are 'u'l>«ted to be
li"I:OO ",ith fulll"",b,ac l1""io",

Ilo,..",,,r. ,luring the "",'CUt;"n of. 11ft. one lifter "'I"med <uscomlort .nd p.ln. E..min>tion
of the ",leo fiuor",,-"I'J' ....,.".d. ,bo,,'t"d th.. ""e of the lu",bar joulnts ('l,,-..:.ificoilJ', tbe Ll-LJ
joint) ,e,cbed the lull·lle.ion c,libr-m:d a"gle ",lIik .11 other join" n"in"ined th";r >U,i<:
I""),;tivo (2-3· short offull A..ion). l11e ,pine bodied .nd ..u,ed in;u,y (_ figure 5.ln Thi,
IS the first """""..rion ...e I:"u", of rcport,-d in tbe xeientific liter'lure dtx....."cntinlf I"t'l~"­

tionotdr more "'tation Ot"CUrring". ,;ng~ iunlb" ;OInt; this un'que occurreoce .w"" to
1I,,'e f>e"n ,Iue ,,, .n in'ppml"';.,e sequencing of muscle f"",es (or • tompo'''r loss of "'oto'
<""troJ ,..isdom). Tbi, ,,,,,ti,..w! th" worl of ,n;- ,'OIleagu. ",d fun"", gradu"" stud""t P",f<..•
'"'' J,,,,t CboIe...'icki to ',w""iKOte and OOIltlnuousiJ' qu.ntify the ...bililJ' of the I",nl>.ar Sl~"<

th",,,ghoou • ~i,k ,.. rietyofk-tading ",,\:,; (Chok,,-io;l:i .n,I.\1""ill. 19%). Gcne..ny ,['C.bng.
the ocrurreoce of • "~,",, C()"tTI~ otTl" thot re'ult, in a t"'''l~>'''ry redoction on a..i,..tlon to

O"e of the in,cO"SCll""'<ntal muscles <ll<rll'I", lOr e'''''I~e, • I,,,oj,,. oflongissi,,,u', iliocuoull" or
",,,hi~,lus)m.y .110,,' rotalion '1 ju", • ,ingle joint to the poinl at ~ hieb pa";,.. o"ntbe' ti,,,,,,,,
could hecome ,rri"'lesl or "'IU""I

Cbole,.-idJ '''-'ted th>t the ri>l: of ,oeh .n ""ern " ... !!"''''''' wben high ~""'-"' "'ore dt~dol'ed

bj' the large muscles and low ~)<'reS by the "".11 iTl1t..-..:gmentol m,,..!es (. I""'ihili<y ~'ilh ",-or
I"")"'e,lift"rs), '" "'ben all musele ~"cc. "'eTC low .ucb as during. low_b'd e.en;on. Thu"
i,,)u'1-' f'om ~uite I""'-I"trn,itj' bending" I""'-'Ilk AdmlS .nd Doh" (19\11) n'~N tbat I......'·.
ti"ue.. begi" to experience wm.ge ~'ith hending """"",nl>of6O ",m, Thi,con O::<IJ' ,;mply ITO'"
• te",po..'}' k". of mUS<"\lI.,. '''PI.''t ,luring hen,bng ",'Cr. Thi, moch.mism of mo"" mnlrol
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Fully 11e>..d N..,I",1 full¥ f1••od N..,l,.1

lumb.Jr ...."" lumb.l, opi"" lum!>.or opi"" lum!>.or opi""
Fon:. IN) forc. (N) f<:w« (N) r""". fN)

MUSCLE MUSCLE icominue<J1

R,eel"" .bOomini. " " l mullif~t"" 1 '" '"I ",,""" .bdomin;o '" "' R mullif..t", 2 '" "R"""m,1 oblique 1 '" ~ l mullifidus 2 '" ~

l ..,I..n.1 obI'q"" T " " RI"O"0lllj " ..
R""em,1 oblique 2 ,

" l P'O'" Ill) " ..
l ,,"torn.1 obIiq.... 2 ,

" R 1"0"0 Ill) " "R int""",1 obliq"" 1 H no l 1"0"' Ill) " ..
l ;nl~~11d1 obi"!"" 1 H '"' R p;o;I' 11.11 " "R in,,,,,,,,1 obi""", 2 " ~ l P'O'" IU) " ..
l intt~11d1 ubli""" 2 " '" R p;o;I' 11.4) " ..
Rp.l" h.mborum tL 11 " m l 1"0"' {l4) " ..
l p.l" lumbornm tll! " '" lIGAAlENT

Rp.lrs lumbo",m Ill) " l81 "'nMioIlongi'ud;nal , ,
l P"" lumborum ill) " '" 1'0<1"''''' longitudInal ~ "Rp,lrs luml""um lUi " Jl1 l;8',,,,,-,,,tum Ad"um "

,
l p"" lumborum IU) " m R ,ru....."n".,,,,, " "R poors lumbo<um (L41 n '" l in\t~'ran;"""", "

,
l p"" iumborum Il4) n m R,meula, "

,
R ili<x.,.tdii. iomOOrum ,U '00 l.nicul.r "

,
l ;lioc<><lilIi,lumborom " m R.n",ui" 2 ''''

,
R k.or1gi'~m'" thor""i, " '" l ,nicul... 2 ''''

,
t Iong"..m"" t""'>ei. " '" InI<.'f>PIoous 1 "" "R'Iu.>drol'" iumbolum " '" Inl<",l'ioous 2 '"

,
l "uadr,,,,, lumbornm " ,~ "'''''>vinous ] ,% ,
R 1.li",m"" door'; (1.51 " "" Supr.<pinouo '"

,
ll,,,,,im,,, do<>i 1l5) " '" R lumbodorSJI f,,,,.. '" "Rmulliiid"" 1 '" 00 llumbudor..II.",i. '"

,

Table 5.10 Individual Muscle and Passive Tissue Forces During Full Flexion and in a
More Nl'utrallumbar Posture Demonstrating the Shift from Muscle to Passive Tissue
The ",,,-'tWX """"",,,t "'<th full fu.m..r fiexK>n "'., T71 !'orm prodLlCio;I ] 145 N0/ wtrpres<ioo .00 954 N 01 .nte<io,",he." lhe
"""" _t 'II ... '" 0/ 170 N", >n.><!u«><f ]490 N 0/~..., .0<1 2~q !'or 0/ ......

error n."",lting ,n tempo",r)" ,n.pp",,,ri..c O<.'u,,1 >t~i\~tion cxploin< IlOw in;or)" ,night "'-~'\I'

d"ring '''''''Illciy Iu>o·-Io.ad ';'u>tion" lOr exa,nl'\e. picking UI" Jl"ncil fro", ,he I1uot fu)lU"·inli"
• long ,hY'1 "l)I"~ performing, ,"e')" ,km,nding;oi'

Sources of Motor Control Errors

One ",,,,, eon,id« onod"" i"ue ,,-hen d,,,ling "ith the po"ib,litrofi>ockling th" resul" from
spt~ific moror mntrol "ITO". In uur dinlC.1 te>ling "e """',,·<il <"nil."t), in'I'I""lrri"c muro,
['"It<"" in some Ill<" ,,'ho "'ere ch,llcngeJ l~· holding, lo.J in the h."J. "hile h",,,hing
10% CO, tu cltl·.,e h'e..hing. (Ch,lIcnged b'eorhing c'use> oome of the <pine-supporting
",u,""ul..",e tu d,up ro ""I~''''I"i"cly low Inels in "",ne 1',:01'1<: ""e McGill, Shorr",.
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F;gu~ 5.15 .... group oIl,owerl'f'",. Iliter!
""y hea,'y weight> ",Me tne" lumba,
V<'f1eb<ae moIion 1"',,,,trlS ",-~e qLJ.lntifted.
E.>dl joint wa••Iulliully controlled '0 flex
but"'" iully flex. E>ch joint wa< r to J'
a",ay from ,he;ully tlexed, calilxaterl angle
(= fogure 5, 1(,1.

fw>~ 5.lb Thi. fluomo<;opy ;m.ogeol the r<M''''­
lifter', lumbo, 'Pi"" .f.:>w. 00w ,ndividwllumoo,
loOn' mai"" can be quantified in vivo. Wnile
"-'Co.-d,ng. an onlury OCCU<T<'<! in """ I,ite, wt><.,
the veneb<a a' i"'t one joint "'en! to ,t> /ull./lex;""
angfe and ""piI.sed ;, I>y abour one-.... li dq;r""

FiIlu~ 5.17 la! The I""""""iiiter ;"",ed to g,ab the ",e,gIlt bat aoo M began to extend the opine du,ing the Iii" (e} ..... the
"'''''gn, ",a. a few ioche!l;rom the floor, a .ingle joint Ill·LJI flexed to ,he full·tlexion .ngle, aoo the 'I"ne buckled, ;ooi·
ca,ed I>y the atr<MI

.nJ Seg'llin, 1(J')j ,) These Jeficicnt ",<>to, control ",,.,:h.ni,,,,. will heig~ten biomech.ni<..1

....S«p.ih,li'l' to ;"iul'}' or 'e'''iul'}' (Chole,,'id:i .nJ .\I<(;ill, 19%).•\1)' I.b is cu,re"dj' in,ul,·,.J
in> b'll".",.le longitu<lin.1 im·...tilP,ion tu .."""he powe, of ,he", ",o(or "",trol po....".t""
t"llt~h«w,th Soone 1........"'.1 perform>n." ,-.ri,bb .nJ tht';, role on ,,"u,ing b,cl: injury ",'cr
• multiye.. period.
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Sdcroi/idc Pdin~/s II from the Joint?

Ilogduk .nd eoll.,gueo (I 'I'l~) pro,'.,1 ,h" """" low h.ek p'in i, from ,he ..eroili,e pn' ilself,
The foIlo",ing discussion offer< o,her <'(),,,,dcratK>n', The ,,,,,k ,h.. "'IIII~' h,,'e n.1J<>rt,x1 ""<..­
""",n, ~'".rs h., deI""","ra,"" the ""'.I<)("din.'1' ",.gni'u<k, of fun"" ,,'i,hin the torso e'<on­
....' muscul"\Ue ","'en ,Iu"ng nonst ..",,,,u, ,."h \\'hile ,hese m..:.,. h"'e been inl"'T',ete<1 fm
,hei, ",,-..::-honH,.1 rolc. di"i,,.,,, h.... cxp",,,,,d in«rc'" ill ,h,';, IH"enb.1 to e.u" '''lu'1', On"
lX>"ibili,y "unh ronsiJcring is ,hot the high ,nu""ul" fu<n:s ""r d:un.ge ,he oo,,~,"'....h",.n«
of ,he CI1ITCSJ'O"di"g muscle 'endon" Such ,lom.ge has p."h,1" l:H:cn ...'ron!fully ,,,ril,,-I,ed '0
,I«'fl'''c m<"h.ni,m •. One eu"'ple foil",,'"

P.in in ,he .."",iii"" ,ogio>' i, '"0<"'1>0" ."d of,,,,, ouribu,ed '0 diso,de... of thc ,,,,,mili.,,
{SI) join, i,,,,lf (H' ,he iliol"mba, Ii!!"",eo,, r(H' ,hi, ""son, ,he role of ,he mu,eulatu'e nl;ly
h.." becn neglee«,I, It i, Imo",n thot, large proportion of ,h" ">t,,mo, ",u>eul"u", obu""
its orillin in ,he SI ."d po>teno'-<Ull<nor iii .... ,pine (l'SIS) t'Cjfion (Bogd"k. 1980). '1'1,••re. of
,.n,lon-peri"'te"m ..,."hmen, .nd e"en._ .pone"rosi, i, ,d"i,'dj' <m.ll in ",lo'ion '0 ,he
mlUlne of mu>elc In ",ri", ""h ,he ten,lm coonpl",. From ,hi", hjl"ltlK",i, ,,,,,~,',,I th" ,he
""'mi"g ,ni"n'tth of I.rge It,""Je ,i,,,,,, '0 ,,,,.11 .,u"hn",m ,,"" for coo\n"ni,,, ,i.sue pl,<,«
,he rom,,,,,,i"e ,i"ue ., high ris!: of ..."uining microf.il""" ""nhing In poin (,\ l&ill, 19l17).
Knowledge nf ,he c>~lccti,'C muscle fme.,..,i,"e historic,; ernl~", <perul,non .I~>u' o"e_bm.'
f,il"t< I".d< ond ""'lUI..i,.. tnu,"". For e"',,'ple. If the forec. of TIl"",Ie< ,hot origi"". in
,he SI "'gion ..... t.llie,IIO, ,he ,ri,1 ill,,"ro,eel In "ble 5,4 (p,ges i~·7~). ,hen ,he ,ooliQn:"
,ronsmineel to ,he SI region ,luring pe,k k..d ""uJd ",,,,,,,,I 5,~ kK Such, ",,,I ...,,,,Id lift ,
'm.ll car uff ,he lltound!

lne f,ilu'" tok ...n.... of these ronn"",I,,, "ss"", I, noo. k"",,'n, ""hich ""k., ,!"",uLalion
".-., ,he 1'"""n,;,,1 ft,.- microf,ilu", ,hfficult, No ,loul,.- ,h. ri,k of ,I,m.g. m"st iner.... ,,'irh
,he inc....... in the CJltre",dy I,rge Iood, o""',,,eel '" ,he .",.,I<"r I11,,<rulanuc ond ,..i,h ,he
fr-equel1C)' of ,ppll",,,ion, Indu",i.1 ...15 romp.oroble 10 lif,jllll' ,hr-ce """".in,,,, ill e<""', of
lR kg (40 1h) peT min"l< "'''' OIl ~·hou, d,y.te not unu......I. ",w,ting ,h.. ,he l'""enti.1 for
ru","I.ti,,, '''U''IO'' <il("ifieon'.

Thi, ">ecn.nieole<I~'""io"",.0 .crout" IUr local ,enderness "" p.ll'"iOl' .,>oei.t<d ,,'i,h
m,ny of ,he SI <yndrome ca"", k ",,,II. "'uscle "",in ,n,1 Sp'-<m often acromp,ny SI p'in.
Non.,hel<">" to.'''",en, is "ften din-crcJ ,,,,,... ,d ,he ."i,,,"', ~,;n' "'-"'IH'C ,he e"reme diffi_
cui,)' in di'!I"""ing the join, ... ,he pri,n.ry """rre or I",in. II'hil. red"''tkm of ","'''' ,htough
eo,went;"",1 techniques "-001.1 r<:<!,..... ,he <",r.ined 100,1 "n ,he <lam.ge<1 oonnecti.-e Jiher<,
po,icnt> ,hould II< c>>u"",kd on " ...·hniquc'" '0 rc"l.hH.'C in«mol mo>cle Io,d, ,h">Ugh effi..'Cu,'c
lif,i,,!!, "'....h."ies. Thi, i, • single cx""l"e. or",h"'h there m.)' be >c,'eral. in ",hid kt",,,'lcdgc
of In,h,id",1 muscle fOrce-lime hi"ori... ""llIlld ,uggest • m.... h,nism fn< Ini"'Y for ",'hieh ,
,!,,-'Cific--and !~ ....hl)' "ypic,I---<,e'ttnen' n~~I,lit;,",uld he prescribed.

n..-d ReSI ~nd B~ck P~in

\ l'hile bed rt." 1,., f,lIen r",,,, 10,.",.", tl,.... I'l'. gi,'en ,he gen.roll)' ltoor lrotielll o"tt'Ofnc. ,hc
mech,nlsm 10, poor '''-''corne is in" no...' ".rtlog rO he unde"'to<~L !led "'" rc<1""", ,he .pplied
k",1 (h>'d"",..';e) hel",,' ,he d",.' 0"'.""" I",""ure. ",,,,I,ing in • ne' inflo,.. of fluid (,I leGiIt. ,'On
\\",jk ...1" 19%), ,\Ic(;jlJ ,nd Alder (19%) documcn,ed ,he gro»'th in "I'i"e length '-",,, ,he
"",,1 8 ho" ... of bed reM .n,1 ,hen "'.." oon,'n"ed bed ,csr 10, .nothe, 3! hoo", ·[ni, i, on"",,1
",,,.i,,,,1 pro.""'", .nd is ""1'"....1ttl cou,. hac beh", Og:on",' ,n,1 "llle.gues(l?'ll) ,1><,,,,,,,,n,,,,1
i""",.<etl'llmc.-.I dcl\~'l' ill the ' .. "elor.... foll"";"lI prolongcJ ",ace tn"el (,.-cightl",.",..,):
,hi, finding Is not.ble bee.",. OIher hone< los, mine...1dcn,I,y. Ir Indi""es ,h.. ,he <Iline ~'O'

"i","h,,,,1 '0 I,y ,kn.." 1."'0 in ""po",,, III higher 10,,10; in ,hi, e,,",, ,he highe, lood "'" duc
'0 the ,,,'ollcn di"", .f1>t ....log On e.nh i, 1}"t11l!' ill bed f,,, j>tnOlk longer th,n 8 h,>Urs-i,

oct""U>' ""'<s'" ,ho >rille!

Bending ilnd Olher Spine MOlion

\ \ 'h~e 'ol1\e ","'.n.h... !u"e l>rodu<."d di", hc-mi,ti<.., undc, mnt,,~1"d c-ondi ,ion< (e 'l!'" Go«loo
et.1.. 19'11). Coll,gh,n ,nd .\IcGili (Zool.) h,,'e l:H:cn .ble to o:"',;""ndl' produce di>e hcrnl.-
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Moderation in All Things

The phrase 'moderation in all thing,­
appears to encap,ulate a lot of 'l'i""
I:>iome<:h"nical wisdom, varying lood­
ing through (OOSlJnI change in activity
i, iLl,tif,able. Ob"oo,ly. o,,,'load i,
problematic, oot Ihc previws e.a~c
>haws that even lying in hed 100 Ioog is
problerrntic---it increa"" annulus, end­
~"t", ar>d ''--'flI.'bral SlCLOSS!

L1';ICAL
R,UvANCl

tion, bymi,"id:ingtl,e "I';"" motion ,m! load
I"n.rn, ....n in "'orI:." St>«ir.""llj', only.
,cry I1X>dcst ..",,,,n' of 'pm. """I""c..';on
f,n" _"" to IJe requ irod (only 800- I000 N.
or I77-nO 11>), bI,t ,he spine <t>«i'nen mu",

IJe rep.,wlly fl•••d. mor",cl:ing "'I''''ted
n"IO->I,;ne I1CD<" from conbnu,) IJeniling '"
• fully 110.",1 pos,"re, In ,h.....perimen,s,
"'. ,h..u",o",ed ,he pmg",.';,'e 'ucking of
dis<: nudeus """,r,,1 ,,,,-ding I....t<riorly
,hrough ,h••nn"I", of ,he disc ,.-i,h fin.1
",que",.ri"n of <h. nueleu, m.t.ri.1. Thi,
n, ",,'cd to ",-':orr uound 18.000 '0 25.000

qdes ofllexion ,,'i,h 10", le,'d, of ,pine C'OOlpre>sion (,bou, 1000 N, or.?!O In), hu' it would
QCC\IT ,.-i,h ",,,,,h f.wer g,,1cs of bending ,.-i,h higher ,imol"n,,,,,, «>mp,.."i,-. 1".,1s (.hou'
5000 gde. ,,;,h JOOO N, ()(' 6iO II>, of ,'OOnl'",,,",,n), .\10>' ,ntetesting "lIS ,he f>l~ ,Iu, ,he
,r.cking of nt>de>r "'at.ri,1 bt"r.n fro", ,he in.id. ,nd ,10,. I)' """ed r.di,lIl' ou,,,,,,,I, 'ug­
gesting ,h", h.d ,hi, heen. lil'ing w",~.r. ,he", 10')' h.,.. hocn lillie indic1tion of rumu[,ti,'.
dom'g<-' W1,il ,hc <"Iminning ..... ",.

Confusion Over Twis'ing
II'hil. t",i>ri"g h.,l..",n n,m..1in """...1,tlJ(li.... , ri>l: f'Clne for 10,,' lxod iniu')'. the Ii'...."""
do.... not m.l. ,h. ilistinetion bc,twttn the ~mem.ric,..ri.ble "I'",istingllld ,he lineri. ,..ri,hle
ofgen....,ing ,"'isting ,c"'lue, \\'hile '".nl,.pid<:n'~C11 sure,.;n,nce "ud,es linl, lugt.cr risk
of LllO ,,'i,h ",;",ing. '",i,.ing with In", t",i" n"~,,enl ,1.n1>n,l, r«ults in 10"... mus<:1e >eril'i,y
md lo,..er 'pine h.d (,\leGili. I\I'll). Fllrther, 1,,,,i,,, ri""" I",dong " not subs..n,i.) un,il ,he
end of the ,,,,jst "'''Il< of """ion (Ou"",,, ,nd Ahmed, 1991), Ho,,·""..... ,k<"I'-'l,inll '" i"i"g
mom.nt pl.ees ''''y I..gc CO"'I''''''';''' .....d< on the ,pi"" bee."", of ,he .nomx,u, c<>a<tic':ltion
of ,he "1""" mU"-'I1I,ture ('\kGill, 1\1'11). l'hi, con .Isu "'-'CU' ,..hen ,h. '1""" i, not 'wi'ted lou'
in. nc",r,lllOSt"re ill ",hith <hc ,bili,y to 'uI.... '. load< i. higher. Ei,her ,in!!lc ,,,ri,b1e (,he
bn.",.,;••CI of ',,-i,ting or go...,...,ing ,he bn.,ic '':Iri.hl. of l\'o'i,t torque whil. not (w;,ti"g)
>ecm,"", d.ngcro... <hon .pidem,,,lo!!,,,,.1 surn,p ngge'" II",.",,",. oI",':I'oJ risi: fr"m I.ry
higlo ,i,,,,,,, loading '"'y ",-""r "'hen ,Itt ,pine i. fully ",·i>loJ .nd the", i,. need to gen....'.
high ""i"ing ,orq.... (,\lcGill, 1\1'11), s....'e...1",,,lies, ,h.n. h"" ,ugges,ed th.t COIl'!",,,,,,ion 00
,he lumh.. '1';"" i. ",x ,h. "de rcl: r"-~,,r, Both hlx,...'"ry n"". ""'" mel ficl,l ,0rv";I!>0""
suJll><S' <h" ,h..r io.dJng of the ""ill<. togeth.r "'lth to'll' ",,",t> ",,,pled ,..ith ,,,i,u"g torque.
i""",,,,,,, ,h. tis~ofti",.. in;"ry,

Repeated Spine Fle\ion and Bending

\V!1i Ie much l'fllO""'Tlk eOOn "'" oc-..'fl dl'\UCd to mjocing '\pine loads, it is be«wr>ingelm"",
thJt r<'1Je.1Il'd '\pine /lcxion---ewn in thea1~ of rmde(ilt\' kwl-wilileac1 to discogenic
ImubIes. FtJf1hemn"e, ...-;:en! ""id<.<x;e ,how> thal tlled;"";t"'" oflhe bending will determine
the location of tM annulus dam.1ge V\ultman eI aI., 20(5).E~guidl~i",-., will be
more dfooive ()r'ICI: lJdoo 10<- fil"'''''' n'!Jelition Jr>d dire<.1ion .1t'C included,

Is Virilf Il/vol"Cll.e"t Possible in Low Bilek P"i"f

R"",.reh h., suggestoJ <hot 'he irciJer.:e of"""" '""""losldl',,1 disortlers of the "1'1"".....,"'­
"J i, elev"",1 fojlo~'i"lle'powre '0' vi,..1 inf"",ion, Could ,·i,..1 inf"",ions .Iso Ix: n:sponsild.
~" LBD,' \ \'hik <hi, """ruI';O .. I".....il~e in indi,;<I",1 <">e>. i, ""uJd "nil' ''''''X1''' rnT ..""•.
Sil\<." .ni",.1 model >ludi.. uSC ,ni",.I. ,h...re "".,..,,,,,,<110, <lisc-."". ,..,tl, onl)' 'I-":>""'ed "!><ci­
men, h.ing ..lec,<,1 for '",'ing, conlmlled ",,,,,h.n",,,ll,,,ding "'OOld ...,,, '0 :K<>'XInt for ,he
"gnif"",,! findinlf'. Vi...1infecti"n. h,,-e heen li"koJ ,,, .n inc"'....! proh.hility nf ,h"lnl''''g

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material

"'ch d........... as ''''1,,1 tun",,1 .yndro",e oe .nhritl. (Mody .",1 Co'''m, 1'197: Phillips, 1997,
S,,,,ij Cl. .1., 1996). I lo"',,,"'.c, Ro>,igllol.nd roIk.gu<> (\997) IUo..nd th>t ,,'orl-cel>t<oJ b<t<,>I'S
"""'.... n'..1IQr the m.jorityofthe cou,.. inAuencing <b"lopn..nl "''P'I tun",,1 ,yndrome. Fu",,,,
ee,",,,,,h >houl<1 .:<:in""" the lin.. he'..-ccn ,inl infe...no"" !ca<ling- to .p;nol tls,ue d.gencn'~>n

'nd 10,,' h.l,-l injury etiok'!(j'. 1l;ej' ,,,.,,,, '0 be in,'ol,'cd in ""nc ><=In, cll<cs.

S<:i~lk- Srmplom~

Sciatic. """ be ""used ~' ,e"""",, of the ",i.tic nu"'e, or of th<: lumb.. neNe "'""', 0. wjtltin
the """,], e'loim. 11 .1", e.n I.. e..'sed hy pinching" no",eroo, Iocr,,,,,,, .Iong iI' length ,\<

bj' irriu,lon bj' TIJ(Jg-h ''''f 'och " .<thein..· Lone oe "'tru<kd di,,' "'''.nol. 1l;e ')'npto""
n"g<." from ndilting f"Iin '0 ,,,,.oon, in ,l'e legor foot. R.d p. in ""j' or '''OJ' no, be p'esen,.
Tngie.lly, e'se, of fool p,in, .nkl. p,in, 0' leg I"in e,used by lumh" ne"'e compromi",
ore of'en "cc'ched foe ther.1')" m ,he helief ,h.. ",uscle tigh'ne.. n,hee than nconl 'enSlOn
i, the cull,ri!. Thi, just lttl" the ne,,"'e .ngl)'. \ \'e uk< ,,,'" ,pp"""he,. First, '1""'-'f"Iring
mol'ion, Of••dopled 1o ,,'Oid end nnge o( moPOJ1 .nd ,,,,-,,;,,ed ne""" 'ension ,n,j '0 ....'<1 .....
I",»,hk W'" 1.... lging. The ",,-,md '1'1",,,,,,h in""h·.... nen'e /1o,,,ng (ne".. fIt""ing 'echnique
'ugethcr """~ 'Iu,)il)ing '''''' fO'"1"tI.'" ,,,,,,,,,ion ,cc<.'I,loined i" ,I>e third 'e"",,n of ,hi, bco::>l
on p.ge 116).

Section SlImmdry

Feo'" ,hi, <I.:"-Tiption of injury """h,msm, "i,h ""-.ral ",odub,ing f,,,,oe., i, is d~.. that
",,,I,if.,,,ori,ll;nl, "'"st. Int,,,,!,,,,,,,i,,n of ,h<sc lin.. ",ill enh"... injury prevention .,Id ",h.­
bililOlion eflO".. In (oct. eff«ri,·. inl,,,'.n,ion, ,,'ill r.no. oc<ur ",'i,!Ioo1 on "n,I."undingofhow
,he 'P"''' wor", ,nd how i, I"'com,-,,, """ml,

Biomechanical
and Physiological Changes Following Inju",ryCL__
Whil. ,he IDun,]"ion fur ;rood elinicol pnctice "'<Iuices.n U,,<lefSl.nding o( ,he moc~,nism

~,e inj"l)', .n ""<I<",,,'anding of the lingering <'<"''''''l"enc<> i, 01", helpful.

Tissue Damage Pathogenesis, Pain, and Performance
Mo"y di"",,, <pine inj"ry" ,hough il i, ••ulic enti,j', ,hat i" bj'I\x",ing on 'pe<if.. ti"".
<Iom'ge, Howc,,"e, >ince ,i"ue danuge "'u""' ch.ng", '0 ,he join' hiomochonic.. o.he' ,i"tIC.
"ill be ,ff":tcd and dnw" into '~e dini,,,II"''''''''' Unde...."nding the lin.. in thi, i"u" beg""
~'i,h the coJ>Ctpt of f"Iin.

Ti,,,,,, <ionull'" C'U"'" f"Iin. Some ~,,'e ..id ,heee i. roo p'oof ,ho, ,hi, ,Ute",en, i, 'rue ..~
PO'" i" PC"-'<1'tion and no m.trIlJnen' "an "'••'uee it wr",-~Iy. ThIS notion i!!"""" the b'll"
hod!, of poitt li,ento,. (, ""i",,' of which i, ""e11 """ide ,h. scope of ,hi, ch.!",,), whic~ h"
rnoti,-,ted a "-,,,,,,, pCOJ">"'I fmm • di"e"" group of f"Iin 'I"-'<iali>{. to dO";I)' p,in hl' mech.o.
ni,m-5'1',-,,·ifie.II)", ,nn,;ent l"in ("'hid <00 not prod",,,, Iong_""Jln <equdoe) and ,i""" IIlp")'
.nd ne"",,o, ,~.....n injul)' f"Iin, both of ",'hieh I.,,'. roo'l~tx org.nic "","~",i,m, (Woolf et
,I.. 1m).

Si,~1011 and CC....,in, (I '!Y7) ",'onde.-fully 'um",oriuoJ ,he gr..' ,,1v"1e'" m,d" in the un,lcc·
..."Iding of ,he- neurulJiolOID-' ofp.in-in 1""tiC'Ulu, the long-ton" Ch'Ill!'" fro", ",,';om stimu­
I"ion b.own ., cent,.,1 ",nsiti'''lion. Bri.ny, li,,,,e dom,go di",etl}· .ffeet, th. "''f'>n", of ,h.
",,,,,ccp"'" to fu<thee 'tlmul,tI,m; mw )ongee l'en,,,1< of time, h<~h iIKTC'''' ,h. m'!!,,'tude of
th. l'eS)"m...., ",,,.iti,.;,)" to ,he "imulu', .nd ,ie" of '~e "'gioo ......-cd bj' ,he ....l< .fferen,..
Som. elinici,,,, hO'" used l~i<., • "'lionale (or ,he I""""ril'lion of .n,lgesics e"l)" in -.culelow
hock I"in. Funhenno«, ",,"e h"", h......d argument> on ",bethe,. <en,in ,i""e <'<lUld ",i.i·
"" 1"'" fro", the 1"-"",,,11<."<: 0' .bsell..-" of11oe;"'-1""'" Of frtt ,,"",e endings. "'I",ring proof of
d,mage '0 ,he<per:ific ti""" in q"e<\ion. Bu' ,i""" dam.ge (,long. con,in,,"m (1'0'" ,ell do,,,,JlC
,,, macco"'ructur.) r"luee} chonge< tho n.<.ncch,nic, of ,he 'pine. 1>.',,, nn)~' m,y ,hi, chonge

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material
~I ,00 l"Ju!), Mec""me> 01 the luml""~

cause p,in, hu' i' aP!"'''' '0 i"iti... , c.""Jc of fha"ll" th" n" faust Ji,rup,io", 10 Ih.;o;",
",,1 <:onli"""lpoin for ye." in I.,.,ling 10 condition...",h .. fOC<.'1 "Ihri,;" .""el."I«I .nnubr
d"ll"n."ti"", ",d nc".., ro.~ irr".,io", to name a few. (S<.", Kirbldy_\\,Hi••"d Bunon, 1\1')1,
fOr.n e",elk"l 'n'k,,' '" 'he ........Jc of 'l"nc Uegtoner..ion in;'i".d by d,,,,.~e.) Bu'ler .nd
c<Jle.ll"'" (191'0) documen,«I ,h" <lise dim,ge """I}' al"'.~,, OCC\I" befO<e f....'" ."hr;ti, i.
(J,,,,,,·,oJ. Injury .",1 ti.",e d.m.ge ini,i ... ~"n' i",..I~li,i...., c.u,mg the Ix"ly ,,, ""'Ix",d "'i,h
.rthri!k ",.i,'ity ttl fi"'lIr ...hili"". TIm te'ul" in a los. of ,..nge of mo.ion and, "" d"uht, p,i"
(Brindm»nn, InS).

Injury Process: Molar Changes
It i< oonelu.i,'. th" potien!> rellOfti"g l!ebjhu,i,,!!" 10" h'd poin sulf« 'imuho"tou, change.
in ,heir nlOfor control 'l"",m,. l1ecogni.ing ,h"", eh.nges i. important ,inee Ihey affect ,he
."lHilli,,!!" 'p'''m. R",h"d""n .nd CO\\oocr< (199'1) prod,x:ed qu"e. romp",hen.i,'e nT,e,.. of
'hi' Ii,e,..u"" 'ltd ",.de a ""SO fOr .. 'l(rting sptrilk muscl. gt"Ullp' duri,,!!" teh,bili",;on. SIJe­
df",.II~', ,heir "";.eti"e i, '0 """1",,.le f.ulty motor oon'nJ p.ttem. postinj",y. The ch.llenge
" ,,, ,,,in 'he .tabili"n!!" '~",'''"fI) d"nn!!" ste"lj-'_>U'e "''1i,iti.."" ."d ,1'0 d"ring "I~d "Jun',,)"
mo..ion" .nd to ,,·illl>t.nd suolden surprise k..ds.

Among ,he "ide ,,,ricl)' of moror ch.ng<> .....rcher< h"" ,Iocu"",n,,,d, 'hey h"'e p.id
I"rticuhr 'tten,ion tt, 'he ""'''''",,, ,I"k",,;ni, ",d m"ltifid", mu",Ie., For ex,mpl., ,iuri,,!!"
,,,,idp,,Ol)' "'On1".nts .uch OS ""old." ,houlder Aexion '''''''''''<1U', Ihe 0""" "I' ,r.n"·cr:«:
.Ixiomini. h" been .hown <0 be debyed in , fe>,. sui*"", "'iln h.ck In'l1l.>1,,, (llooge, .nJ Rich.
'rd""" 1\>96; RlClunho" et .1., 199'1). \\nile ,he Q"""n<J.",1 gmul' ,!c>'doped • rehal~li",ion

prowe'<>l 'I'""iftc..llr i"t<"d.," '0 rttdu....'e ,he "'otor ,"n'to! 'p,«n for i"",>1""",c'" of ,he
lro""'e",,, .hdomini., llle...re m.n)· ",her mu.des ,luI ••hihi, mo,or conlto! pe1"lurbalions.
.~ number ofl.bora,o"", Iu,,, .1", ,h,umented clunge. to the m"l,i6du, "'>I1'pl"". Further, i"
, ''''''- "it<: s"'d}' of 108 l",irnt< ",m hi<tun'" of chronic LBD '""!I'"!!" from four Hlon,h< <0

.'0 rears, Sih"",en ,,,J roll ..£"", (1'i97) lIOI«I 'h" 50% h.J di"urhcd;o;", motion ,,,J Ih"
75% "I' tho.e "'i'n radi.,ing I"in had .bn""",1 ~:'\IGs '" ,he m",ii.1 .pine eat"""" mu",b.
Interestmg!}' CIlOIJgh, i" ,he ".. nJ' 'lUdi", on me multifid"" ~:'\IG .b"onn..l"i", in 'he more
1..",,1 longissimu' seen, to 'l'I""'r .Iong "ilh lbose in mullifidu' in 1'<01>1< "'ilh b.ek trouhle<
(lloig '" ,I., 1WS). Jncgensen ""il>:i<;obisen (19lIi) .,,,,,,Lo,.,ll,,w.r e",iu""",, m 'he <pine
ext<""",,", m gene ...I, wh,le Roy ,,,d ,'<>Ile.g"''' (1995) e."hb,h..'tl f,,,,,r f"igue ,,'''' in me mul­
li6Ju> i" 'hn>e "'i,n 10,,' hack llOuhle<. In .Mi,ior" eh.ng<:> ill "..-so .gu"i"-ot".go,,is, octi,'ily
h"'e heen ,kocu"lCn..,1 ,l"ring g.i, (Ar.n,ll_Nieison et .1 .. 1'19>; \'ngl <1 01.. 1(03), I"rti<;uI"lr
m 'he glu'e,1s, hock ""'en"'.... 'nJ lum..nngs during ""lbng, In .dJiti"n, a>J"R,mo.1ri..llte,,>o<
mu>de OUlpU' h.. beel' """-'n'oo duri,,!!" iso\<ine'ic 'orso e,""'>o< "ffortS (Gr.hi ......., "oil, .nd
Gh.",wi, 19\11), "'hieh .I'er< sp,ne ,i.",c Iooding,

Further, l~;de""" inw..",cs th" the >lructure of ,he mu ",Ie i,,,,1 fexp<neno."<> en.nge fulh",'S
iniut)'orp"" ""i>odes, An,"om",.1 ch'''g<> fi,lIowing low bod iniury in<:lude "ymmetric 'IN>­

ph~' in ,he m"l,i6,lu, (I-li'les. lI.ieh.nJ""" .n,1 Jul1. 1'IW» .n,] tiber 'ype eh,n!!", in multifid".
e,'en 6"e )""'" .fter ,urgery (11.", ..nen et .1.. 1993). Ln"g_'erm ",,'cnme "... """,i"ed
"'ith «n.in "''''I"""ion ch"''''1",i"io<. Sl""'iflC".lIy, g<x..J ou'""mc w"' .""",i.."d "'i,h

UNlC<l
i'II"ANn Function, Rehabilitation, and Pain

"'n i"''''''''ing point ill< troubl<'<! oocb i' Ih<tl pain Can lie bolh a bie»ing and a c"",",
Working ,hfOUgh rain (a<s<>ming mlJS(ular pain) ji uften a ot:habili',,~on "".:I lraining
neces;il)'. Bu' pain irom ti~ d.:tm.lge ii anorhe< >to<y. Pain i, inhirnting oi ll(lr'rll.ll mot....
paller",. funhermore, i' i. " ..II e<labli'hed lha' one <loe> nol get lIsed 10 pain from'i ......
d,1magc; rallll..- lhe pt'Xt.'iS oS central se""ti,alion ,....SU,..,. lhat ,he f'C<"'" bccorrx.-s n
rro-e sen~li,'e10 ,he f>.lin. For m.llly individ""I•. .l(ldr""'ng f>'OIl'-" mecn."'ic, to 'I"'ot:
lhe damagro 'i• ....,. must precede rigoroo' 'minlng-how Ihi. I. done i' e.rJained In
Ihc fi"al chapter, of ,his booI<.
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oon",1 fitx,r "PI"""""". ~'hil" poor <>ut<x""" ...., ..soci..ed ..,I,h '''''I,h)' In the tn'" II fit",rs
,nd • ·"""'h..... ,," 'I'P""~''''''' In 'IT''' I fil><:rs. ,\10'""".'.•'·en ,f,., >)"m['l""" h,d ,.,.,I,·.d.
I lick. .nd coll",gu", (19%) ,h.",,,,,n,.d • "".11er mulnfi,lu, ,,,,I ,uggeste,1 UnI"i",,1 rell."",
'" ",,,dum''''. Thi, ,h,-"')' "PI""" "n,We. !!i"en doc.'UI"en"xi ",-ilk""" of this .. u<her join".
I"'nicut"ly .. ,h.!:n.. O.)'SOtl .nd D',on. 19;0; S,ol:.. ,nd '<"'"g. 19IH). Onc••g-.oi". ,h.
re,.,on f<lr the clonic.1 emph.,i, 0" ,h. multifidu, m.y ~'cli h. ,h.. the bul~ of ,he .....noh h"
boco l><:tfu,med on ,his m"",le. Y.... r"""n:h"rs ..ho h,,,, CDmi",xi oth", ,,,u,,,'k< lu". "I""",,,d
.simi!>r ch.ngeo in u"II ...",1 ",rophl~for ....mple. In 1he [>lOO< (O."g-.ori••nd N...h. 1m).
Wi", dim""" consi,ler.lI muscles. nol iust thooc th" h"" bocn ooo,..,n for "",Iy.

Specific Pallerns of Muscle Inhibition Following Injury
As .....d In ,h" P""'i<lu< ooction. 1"'1" Inhl!:>it> norm.1 """0< poue",s ."d i, .sooci...d ..i,h
""""I o,her eh,r,,,,..ri..-ic,. ,\10'" in..gh, i, pr",'i,k<1 hore.

The Crossed-Pelvis Syndrome and Gluteal Amnesia
Dr. \~.d,,"irJ."d1 (se. figure j, lij) pr0l'"sed the: c~-pel,';, <) "Il,,,,,,. In "hich ,ho!;e ..'i,h
, hi,,"'}' of ch",,,ic J"". hock 'rouhlc> ,li'l'b)'C<1 eh.~.etoristic 1""0"" of ..,Iu, he reforn-d to
" ·we,'" md ·,ig:h'" muscl...., Sp,-,,;fi.o.lIy he oksrtibcJ ,he f<:.",,,... of ,he erossed-pc)'i. sJn­
dro,,'. OS i'>cluding ......, glu...1."J .bdomj".I ..·.1I ,,-,,"pk, ..'i,il ,igil, h,mstrings .nd hlp
lIe",>«, II" ,leI'olo!,,,,1 , 'cehnl'IU" '0 ·COrrcel" ,hi, .hemo, p.ttem. II'hil" I luI" difficulty in
m'el'~:niog the 'mn, ...-c.~" ."d ",igh'" from' >e;co"f", poin, of" ...... J."J.. ~"".... I ",oighrs
~'.r. gen....lIy lru•. From '''..'uring groul"O(""''' ..'ilh chronic bod: troul:ol",<luri"g'Gu,nl"ll"
'ype' ofu,l<. i, ;, c1"" lh,t 'hI.'j" t.,.. to .c.""'pli,h thi< h"ic ITl(~ion ,,,d "'010< I"t'em of hlp
crte",;oo cmph,oizio~ the bod ",'en'o,' ",d ,h" Iwn,o-iogs-------<h<"j-' 'l~"'''' 10 h,,'e f<"Il'>t!en
ho... to"se ,he Il"lu,C'.1 rompl",. Nu,i"".bk res,riction, in the hip fl"",,,,, m.)' 0< 'n';' 00' be
I""e..o,. hut ~ ;thout q'",,,ion ,he 1(I"'e,l, or" "01 recruiled '0 Ie"d, ,h:n 're """""'"'Y '0 l:>OIil
"I'"'' th" h.d .",1 f<",Cf OC'tlCf perfomu",-c, I nofor Itl ,hi, .. "l(Iute.1 ..,,""'....

h .. common (", borh I.. ,i""" ,"Il ..hi",..... Itl .ml'e "our kSe.o-ch r!inic ~'i,h d""",ic \>,,1
,,,,,,hi.. ,nd ,,'i,h , '''''sed·pe'''I, ",·e,I,)". Tr.di,i"",1 <lre"ll"'il '[lJlrw,h.. 10 reh,biliUtlng

Fig<lre 5.18 I "Q(ked io """".1 cllolc.1 """,bf>c,,, with Dr. I.ndo prio< to hi. <IN,h. I-Ic uugh'
n", much diok.1 w,sdom ,h., w" were .ble '0 "".1""", and q""ntil\'.
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,heir b:ICb lui", f,iltd >irK"< <tITngth "luat l"tt,'Tn' were attempted on abemln' ",,>tOr pattenu,
SfJrtin(",lIy. ,heglu,..1COInl,l", ,,'OS "'" .ble to romtib"" it> .h,,.. '0 hip "-,,.n.iOll. Io>ding up
,he bock" 'he ereelor <pin.. ern,hed ,he.pine. Sparing ,he bod during hip ",'e""(IT mining
d"""nd. healthy glu'"al>. Specifie training to ITI'''WOm g1ut",1 mtegr.ni"n i. ,!<o>cribed an,1
demo"<tr..eJ in J..n III or this book,

'"

W< l
RH V~NC( lingering Deficits Following Back Injury

In ~ recem >ludy (McGill el aL. 2003), we e'le<1>iv"'y tesled n """el•. Oi ,hose ""'••
~"'. 21> h.Jd a hiSlOf)' of back trouble!; suffic;"nt 10 fl'>lJI, in 10Sl lime. 24 hJ<l "'"'" bJt:k
l'oubIl.S I"" I'K)I seven' enough 10 ever lose ",).k lime, and the "-'>I hJd.....- hJd any
iJ.lck comr!ainls_ AILVI«<' asymptomatic and iJ.lck '0 1'1-0I. aI ,he 'Ime of tesllng_ The
Iilany of difft""oc<'S i>elween groul" i, e.plallled el"""heft' t>ut indudl'<! ""'-'fal motor
com,ol defICIts. OJr fin<lings can he S1Jmm;lfl.~'<!as follows,

• Having a hlSlOf)' of low bold troobl", wa, assoclated wl,h a la'll'-'f waISt girth,
a gre.lfer {hronlcFty pOlemial as predicted from f:>!ychosociai QU(.~,i(}llnaires,

~nd perturb<.<l flexi'''Ho..,w~nsion >I,ength and enduraoce r.'lio>, among "'her
fac'"",.

• Thole who h"d ~ history ofbolck lfO<J1:>les h"d a lack ol mtM:1e endu'anC"-SflC­
ciflcally. a lack of balance of ""duranct' among I""" muscle gto!Jf:>!. Absolute
tofSO IIr""8,h w~s nO! relatt"j. alll>ough lhot' ralio of fIe)<Of 10 .'len"" S1fl'llgth
WolS imporlam.

• Thole with a hillory of low bad IfOOl>Ie had dimini,hed hip extension and
InTernal TIllalinn. stJggC!l'''I; J"Oil' Invoh'l'fTlCnl.

• Those with. history of bJt:k ItOubIes had a wi~ ,mie!y ol moIOI mmfOl ~ficit<
incilldi ng delic ilS dud ng dlallenged b<N Ihing{as ","'OU Id ocCU< d u,i ng challeng.
'''I; workl, balancing. having to endure S1Jrf"'isc looding. and so on, GcOll'fJlly.
lhose who were poor in 0<lC mOIor t.,>1< were likely to he poor in a"",,,,-'f_

Given lh.lt those wr..l<ers who h"d mis!;C<l work beca\l!.<' 0/ iJ.lck lroubles were mea­
sured 261 W«'I<s, on a"",ase, ailer lheir laSl di",bling episode, the mulliple delkits
aPll"a' to rl>rnain for "-'f)' lengthy pcrkJds. The hroad i"'l~iC<l"on 01 lhis work is lhal
h.1Ving a hi,tory of low iJ.lck trouhll'S, even ~n .' S1JhSl.lnti.,1 .'mount ofli"'e has
elapsed, Is a'lOCialed wilh a variety of lingeting defocits SlJCh lhal a mullidlscipli""'Y
Iraining inl~"",m,on approach would be fl'<lulred '0 d'mlnlsh their pres,.>nce. 1hi, col­
lection of evidence Sl'ongly WfIPC"1S exercise presc.il~ionthat promOI~"S lhe pane"'s of
muscular cocontrac'ion and """""",nl paller", ob,erved in fi, spin", and quit" P"''''''­
fully docu",,-"," pa'hoOll'U(al-mechankal changes assoclaled wi,h chronic LIlO. Once
again, ,hot"" chJ"llt'S are laSiing l""'<1r-nO! 6 to 12 week,! The ""id<...-.ce presented hem
colleclively jt>Slir..., lhe Ifaining "-'gilll<'l'lS desc'ibed in par! III of 'hi, !look. I' is crilical
to add,ess ba>ic moIinn and moIOI' pane""s first. before "-,,,iou, had 'raining begt'" In
e.1rt'''S1. This is the way to l'Sl~bliS" the lOOrniltion roo- ultim;otc po...-f()f",,'n<:e. Jnd to do
it >O~, 10 break ch","icity in lhose with history of bJt:k lrouh1",_
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CHAPTER 6

Myths and Realities
of Lumbar Spine Stability

S"bili')' ;, • pop"l.e ten" in di",uwon of ,he I.,...· h.ck, 1..., i, m'r be "';dell' mi'undel'>lood
.",1 i""PI''''I'ri>l''],' u",,!.!n pi"';,.... dup,"" "." ..... hli,h.,! ..,'.ral ",h~n' f,ct!;. Fir>!,

.11 >Or'tS of tISSUe d..",i< ITsul' in ,.,in' I"",}" "hieh in 'un' con 1",.d '0 in.ulJility, For u,,,"ple,
",..,in.d {lI' f,il,d hgorn.n" """.. join, ",i,l' .nd "n".W. mOlion on,).,. \0,,1. End-pb" f"",·
ru,.,. uith I"", of d,,,, heigh' >ee moth.r e"'mple of ,i""e d,null" 'hot ",,,,I,, i" un,uhk join'
beh";",,, (Jwil" ;.om' in>uhihtr is , ("Ons,:.!".nc< of tissue d.""ge (,hi, i. nltdl' sum",.ri",d
by O>lond e' .1., 1991), A fund,ment,1 'e"'" is ,h., Io.t ",..-h,ni",,1 imegrit}' in '''j'lmd­
l",.ring ,i"u. ",ill , ..ult in ",iffue", lo.se, ",<1 .n iocrc.",d risk of un",hle belu,,,M', We ,I",
,.,.. in <h'lur 5 'hot during.n ,,'<1\' in u'h;ch ,n>talJil"y ,,'>s o!>st:,,'<x1 (th" budJing 'l~ne of
the J'Ou'e<1if,«), injul)' ,,,,,,I,ed. So, inmbilitl' .'On I>o'h "'u," ."d be the resul, of injul)'. Fill,lIl',
,,,,,,bring the ,i,....·I:<o".d ""p<'C" of ""bili<y .'" ,he mOIOt" .omm] .,p<-a, ,in"" ",,,,,,!i""I.,1
",,,,.-..:,ion "i!fen> ,he ~,ints ",d ul'in","I}' oc,"nni"", join' sulJilil)"

11Ie ""<pO><: of 'hi' <tup'e' i' to p"",ide , defini'ion "f ",bilitj' .nd ." underst,nw"l! of
ho>!' it is incre'sed 'M' decreased, Thi, i, , cri'ic,1 ~"md,li"n fu< tho:><: p"',,;ribi"g ",hili""ion
excrr;'" or n~u"'" e"ding .~r>te!!,<"to prrH"Tt' inju I)'. Attemp" to enh.nce .uh;hl)' .nd pn""""
;nst.bili,}' .re ",-,ml",-,,,,i..d "'i'hout 'n u"tIce,umdi,,1l' "f the i"I1""OOllg f""ors. To qu'nti+)'
those f'<:Iol'S. ho,,·,,'CT. "'. mu~ .g'ee on <I.finit;on" I\'h..."<:II}' ,10 w. m..n "hen w. u"
the tennS !pi'" n~hJil)_ "'" ,,~/oj/ity, .nd"~hilj",,",,,,,,,",;,,? Often ,he me",ing> ,"-,,,,,,<1 on 'he
h'cLl(WUnd of the i"di,-;Ju,l, To 'he bi<lo"""ho"ist ,he tenn, pe,...i" to, ",...iu"i...1,,",",ure
th" CO" hecome un".l:>Ie ",h." • "crili",II>o1nl" i, re,ch.d: , ... ,geoo nul' ,·i.,,· .bnnnn.1 ;oint
,no"'m p.n.m, .. "n't.I~. I..., mlTlX."tObl. 'hrough "hanging ,he "',tomr: .nd 'he monu,1
meWtllle pr,,,,i,ion<1" m'r interpret p.tterns of muscle eoo<t!ill,tiun 'Old f"'>tUre" i"dic'''''e
of i""'hili!)' ,nd ,,,e"'p' t" .lter one. or , f.,,', ","",Ie .<:Ii.,.lion profiles. 5<""'01 grot<l" h..·•
m,de """,rilolt,on, til ,he ,"'bili<y ;,,"", 00' o"lr' '''I)' f.w Iu....nempted '0 ,ctu,lIr qu"'ti!}'
,..hiht},. Thi' erio<~1 i"ue " ,dd ...'SSed her•.

Upon CQ,,,p1euon of ,hi, eh'I"Ce, j'O<l "'ill "nd«,.. "<1 ",.bility ,nJ its i",po,"""", i" inj"I)'
pr.,'en,ion .n,1 reh.bili",in", Funhe""""" l"()u ",11 un,!",,,.. n,1 u'h}' "",,,,in ,pp",,<:h"'.re
l'n.:ftTIble fi" ,chies'ing suf!it.;ent ",.bility.

Stability: A Qualitative Analogy
The folkM;ng demon",~"innof "",et"..1".bili,l' illu",.... L"J' i",,,,, StipP"'" • fi,hing rod
i, 1'1...,.1 uprigh' .nd ,'.nll:-.I "'ith 'he l tt 0" 'he ground, If the rod ".<'tt: b> h.n , 'm.lIlo,,,1
1,loceJ ill its ,il'_ l",rh'I'" • pound'" t" , i' """ldllOOl' b.nd "'d budl •. Now sullJ'O'S< 'hot tI«
..me rod h" gI'!' wi"" ."..h"d " ,hff n' b'd, .Iong ilO lenglh .nd ,h'l those w;,...'" ,I",
.ttoclte<1 to ,he ground In • "i,ml.. pattern ("''C figurc 6.1, ~.h). E..h gur wi'e i, ",,11t,1 '" ,he
"n'" 'm.;on (thi. i. cri,ic,I), No,,' if ,h. tip of the ,,'" is loaded .. befon:, the rod ,~n ""tUn
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Figu,. 6.1 (~) The >pi"" i, .n.1ogou> tu. fi"'in~ rod pl.ced upri~fll with the bun on "'" ground,
When ~oml"""i"" io.>d i, applied dc",,,"w.n:J tu the tip, i, willl>xkle ""idly, (bi "'''aching ~uy

wi,,,, .t diff.,.."", I"",-~, .nd in dill..""t dire'Cti"", ,nd, ""'" imJ>Ofl.:lnt, t"",ioning "ach guy wi,. tu
,he ",me 1<>",,,,,, wHi en,ur" ".bility",."" with m."i"" comln.";",, Iood" Note th., t~ guj' wites
n,.',_'<1 no! h",,,, h,gh ,,,,,,,,,,, 1Of<., but th.t th" t.""tle fo<,,,., musl be 0/ ,oughly "'l....1m,gnitude,
Thi, i, the rol" 0/ the mtn<ul.t"'" in <.'flSuting '<Jiftti",1t 'flttlf.' stabili'r,

the tXJfl1prrssi,'e furres '1",,,,,,,lull)', If ~"" redu<.'C the ter";,," in ju" Ot>< of the ~'ires, tlte ,od
~illl",ckle '1 • <ed..ce<llood "". """Id .oo",lIr p""liCl the nodo, or locu" of lhe huckle,

nlmp",,";yc Iooiling "mil,c '0 lhi. h,. been p<rfonnd on hum.n lumb:u ;pi","" T~l'ic.ilr,

.., ""eoligllm"nl"'" lumb,r .pine fr<~n • ",do,'cr ",ilh muscles "-",,,,'od (.nd n<> !(UJ' wir•.,) will
hucl:lc under 'I'I't'O,im'leir YO N (.bo,,' ZOlh) of oompr""i,'c k",l (fir;( nol.d by L"",••n,1
llre.lo" 1961), Thi, i, .11 ,hoI. _'ptne c.n with-und'

This .n.Iog)' <k<t"",,,r'l" lhe: en,icol role 0/ III< ",,,,d« (.he: g'UJ' "'ires) to fi", <nSU'"
.... fIi".n' ",.hilily of ,he .pine "" ,h'l il i, 1"<.l"rW 10 with""",lIoaJing ,nJ ,u",in l""ture,
and mo,'erncnl, AI", d''''K",,,wo,1 ",'ilh this """mplc i. the mi. of the mUor contm] .p'om.
~'hich <"'u"'" tllnthc: 10n,i"", in tho e"bI", or< l,rupo:J<'tion,1 "' .. to no< c-t<at<. nod,1 point
~'h<r': budling ~ ill "",ur, R",'i,;ting the b",lhng inju'}' th., ~-c obs<,,,,,J llOO1"O!1OOpic.lI)' in
the l~),,-erlifte, (f"'gl' 105). "''' ",'Ould hll.."h"":"" th., it w'H.u",d hp tnotor contml error in
~'hK'h pos>ibl~' one mu,de ,,-"tlu,:<d it> .cr"..tion or, frurn the I',,-~-iuu, ",.It>g}', loot it> ..iffne",
"rhe 'j"ochronj" ofb.llaoced "jff""", prOOOC<'J l~' IDO moIO' oo""ol'j"'''''' i, ,l:t>oIutelrcriticol.
Nnw ~'O con .<1<1,,,,,, ho~' ,,,,bilitr i. ~""n,jfioJ an,l ,,"""'Iat.,l.

Quantitative Foundation of Stability
Thi, ....",ion ~u",tir"" the nonon 01 ,tahili,)' lro", ••pinc 1"'''I,,-,,-,i,'o, During th" 1911Os, Pm...
b"" Andc-r:> Berg",.'" of S",'e<kn ,'Crj' d<~,ntlr ~>nn.liz.ed ,ubilit)' in. >ptTt< n>odel ~'ith

;oint "iff""", .",f -l() mu.d.. (Ilc-rgmark, 191H~ In thi. d.,si< ",-or\: he ~'.. ,hi. to "'l'r...,nt
"'athc:m'ti.calll' tho con,:c","' of "eno,l'Y well.," ,\ttffn<.", ",I~litr, ,nd in<;tahilitr- For the n..'"
I"n, .hi. «min.1 ",>r\; wen' utl'''''''lr''ud I"gd;- bc....u'" ,hc cTtKincct'S ~'ho und<n'ood tho
",,,,,h,nicl did "Or h,,-. the biolog;",1 or dinic>1 p<r;peCl:i'-e .nJ the dinici,n. ~'.re hin,l....d
tn ,ho int""".."i"n ",d implication. of the engineering meehanics. This """ion orn,h",i""
Ik'¥'tlorl', l~o"c-cri1\g elfon .. ".1I .. its ,om",u."tl ,,-olution in the ~o<k of ",,,,,,,I uhcrs
,nd ."",nl"" lO 'OC1p'ubl< the critiC',1 nuion, ~ i,hout "",hem"i.. l "",,,pl.,it}", If }'<lu .'"
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""",.",..ic,lIr il\din<tl. SOt EI<.-rjrll\.rk'. ",igin,1
"urk or i" ti:.-rn.1 izot ion h}' Chok"..idi .nd McGill
(1'i96),

Potential Energy
as a Function of Height
Th" concep' or .... hili,y l><gin. "it" po,.n(i,1
ono,gy, ",hieh Fo, nu, purJlO"" hom i, of t"",
h"ic funn.., In the fir« fo..",. oLjc<:ts hal'< IJOten­
t;,1 <n<1"g}' (PE) hy ,-irt"" of 'hei' height .\>0>" ,
,lotum_

PE a mOl>· g~",;l}" heigh,

eri•.,,1 '" mcoSYring ...bilit)-·.n:: tho notion'
of ene'g)' "'<II, 'I'd minimum po,enu.1 <t""l!},.
A .... 1l in , [,0..,1 i, con,ido=! ".1,10 becou,., if,
fon:e (or, p<nurbation) ",etc 'Wh<tl '0 i,. " ..QUid
ri,., up ,he sid< or the 00...1h.." th.n """. w re"
'goi n in ,he poo:.,.;lion of10," po'en,i, I"""'gy" ,h.
botwm "ftoc bo..·1 (tI>< e"'-'TlQ'well) ("'-" fill"n:: 6.1.
II-J). As rK,,<d hy lk'l,:"arl. "".hle <'<I"ilibriu,",
pre."il, ... hon lhe poten,i.1 ene'll}' of <I", '~-.lcm

" "u",mum." The 'f"e", i, "",Ie mOIT ",hie I')'

dt<:p<ninlO the lxm'l or by i",,,,.,,ng 'he "«1'1'''''
of ,he sid".. of ,he 1:>0-.'1. 0' !>orh ("", figure 6.3).
Th",. the ",,,ion of ."hi['1}' en«>n'p"",' the
unl'<nurh<tl en"'lll' ,,>t< "f. 'l~t<llI .nd, ""'d)'
oflhe .~",cm follo"';ng l"'rt\"haoon-if,he jo"les
of "'(>Tk d"", h~' tho l"'Tturl"ti(m "< I"". th,u the
;.:.uk> of l""enti,1 en<'lll' inherent ", th< 'l'''"'''.
the" th. ,~""em "ill ,.",.in ",hie (i,e" the I,.ll
will no' mil (H.J' of 'h" 00..-1), 'The C<lmll,'Y i,
th.. th< ",«:hanK,1 "p'"llI will ba:on'" Yn,,,hk
'nd l)()l;Sildy colb[lse if the ,pplied lo.d e.<ce<ds ,
criricol nlu. (Jetom,;n«l ~'po'on,i,1eno'll}' .nd
,tilFnc<>j.

The p""'ioo, b.lI .n.logy is' ,"'o-di",en,ion,1
e",nple. Thi, .."uld he .rnlog<'u, '0 , hinge,l
,kel.",l joint du' Iu, tI>< "'!""--it)-. onlr for llexion­
."en,ion, Spi".l joi"" con "'''te in 'h''''' I~'nes
,n,l ,,,n,I.,o .Iong 'h,,,,, "0', '"Guiring ...i._
dim""'ion,1 bowl for ••eh ;oin', M>them"'e'
""'hi« u' to e..",in. , J6-di'''"n'io",1 bo..·1
(6 I"mh., ",inl' ,,-i,h ~ (lcg'~..., of f,,,,,,I,,on <",h)
repr-eliCnung the "'hok lum!>" ..pin•. If th" heigh'
or the 00..·1 w.'" d""",.",d in o,,}' one of th<..
J(, dimension" Ihe h,ll COIII,1 roll ""1_ In dinic,1
t<',-m,.• ,;ngle m"liCI. h..,ng an ""l'I,mpri"e
!Urtt(."d 'h,,' >lillil<so) or • d"".gcd P'"i.'C uS>u<
tn., h., los, "iff""", can CO",.. inml>ility lh.( i,
h,,'h p..dieuhle ,nd GWlnufi,[d._

So",. din ....i.". h..,< wllfu><d ,pine '1:Ibil­
i1r "i,h ...·hole-l:>ooJr lubncc.nd ",hih'r, ,,'hich
",ml,'" ,h. center of m,,, ,"d h,,.. of "'I'ron in

o

o

PE .. m-g.~
Slope • joint stillness

Width at bottom 01 b<»<" • jooo' owly

•

fi5"'" 6.2 The con,inuum 01 'Iahilily, (.0) TI",~
!><oN1 i' mosl 'MMe.•",1 rdl ,he hump i' lea" ".11>1e. 1he
wll in 'he!><oN1 _"', 'I"' .......gy ~I '" l"",i'"",01 mini_
mum fOUl""i.1 e"....g~ 1m . g- ~I. f:l<.c'P""lng 'he be......1'"
il1CfC""ng the "'-"'P""S' cJ lhe ,ide", i"",,,• ..., ,he obil ity
'" "-,,vi,.., l"-"'udXl''''''. Thi' inc,...",,,, "abilily,

fi~u", 6.3 The ",c'<1""'CSS of ,he 'ideo l~ the howl m'­
'cspoork 'I' I he "iii""" 0/ the I"'" Ivc ,....... 0/ I he join!.
",hk~ c'.,"" ,he mech.'nkal ,.op l<) mol"",. lhe ",idI~

01 ,he OOllom of I~" bowl correspond. \0 joilllla'i'~.for
c",.",,>Ie, • JlO"'''''' "d••""" 'W" or> ,he k.- wookl be
"''''''''''''e,"" l>y • ilatl""",1 bottom c. t1",CY''''' in ",hkh
''''all "w1;e'<l i",«.. ",cd""" I.,....,~ me>!"",.
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the romeXl of f,lliJ1g O'-<r; tI,l, is qui,e diff.re", fruln S1,;ne ".bili,}'. Figure 6.4. d ."d ii, ,11 ..­
IMe.,he moch,ni", of "-holc-~·b.la""" and ".hili,¥_ figure 65.4 ,n,1 b. ,lJo,.', Ihe dinic.1
","'be< of I><nkling p>'",nt>. Th•• op!",,,.,,h i, m'sguicl..,l fo,- cnh.mcing 'pinc ...bili'J-"

•

.'----------' ,,'---------'

F,Y'" ~.4 AnoIhc< 'VI'" <:Ii ...b<li'y,""-teo CO!1fuoe<:l with spine wlumn "ability, invol"", the """,.. 0/ ""'IS and ""'" of
Wppo<l in ,he conic', of 1.lling """_ 'oj Thi, "i..,gle i, "able ".,\"U'" a ,=11 r<"'wb.l'ion to it> "'I' woutd 001 c'''Ie
~ 10 r,ll, The ".e 0/ 'Ii.. ,..",lily un "" 'l""nlified. in p"~. by the ,i",of the ..,glo ,hoi•. fbi A> lhe """'''' 0/ Inc ""'''
'ppm.d",•• "",,;,;.1 Ii,,,, dr; n from the "".. 01 ,ul~""1, ;I """II", I'"<",,hing r"",c wOld,1 he ''''l''',ro iOt il to 1.11, 00<0-
"""'Oli,'ll ,hOi;' i, ".ble 001 k. so.

Figuf.6.5 fa, b) MI>ur>denlanding ".bility, 111"""'00 in ,hoe "".mf'le> gi..,n in figure b.4, h.. led c1inKi~", to 1'Y 1o
<'f)~.",ce 'f',ne >I.1b,I,1)' by prodding 1"1i<.'1115 .00 .n<'mpl'ng to knock lhem off !>.li'lKe, Thi. i. not sp;ne >I.1bil,ty b<Jl
whole.body .,.bH"y.
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Potential Energy as a Function
of Stiffness and Elaslic Energy Storage
WlIile potcnti.] enerll)' hy ,inue of height i, u",ful for illu" ...,ing ,he roncer', po'en,i.1
cnergy ... function of"iffne-ss .nJ "o...gc ofcl.,,;.: encrg)-' i, .,.-to,lly u<e<l fuT mu,,-'Ulosl:d<~.1

'f>I'hcnion. EI.,,;c poremi.1 energ}' i, ",kul.,eJ from
~'iffne"" (1<) .nd ,lcfoml••ion (x) in the d"tic el."'ent,
.. ,hown h•..,:

PE.ll2 k·x'

s: PE-P

5<0 : un.tabI..
S>o : S1abI..

figure ~... locre~"ng lhe ,Mi...... oi the ohlt..,
1",,,,,,1(,,1 ioc',,.,.,, !he ".hilily l<x de<!j",.. lhe
howl).<Xl ioc""'.... J>c obilily t" "'I>j>Ort I"'get
'1'1>li<'d kMd; IPI wil~ r.ll,ng, But nlO<l impor­
to"" e,"""ing th..."h" "it.-no.'" i> ha I...-..',....J on "",-'11
.KJe "",hi... the column 10 ",,,i,,,, pc'<tu,h.>'iurl
f"..n eill", >iOO. I"",,,,..ng ";;t"",,. oi jU" """
>fl<ing will "",,,oily dene.", 'he .h;lily I".,.,.,
compr...,iv" kMd I""""'iog PE in ""'-' dited"",'
and tne><lel. illustrating lhe need to)< 'bala",;.
ing" "iff",,« rOf a gi",,., "",,!tx" '00 momL",1

"-'"

\\'. ~ill usc.n d."ic b,nd •• '" ...mpk. Strc~.h­

ing the bond ~jth • "iffn"", (1:). di,..""c x, it ~'ill >tore
cnergy (PE). The ,tretehed b.nd h.. Ibe poren,i.1 to
<~, wor~ ~'hcn "'etehcoJ. In 0'1.., ,mrd" the gr."'"
,h< "iff""" (k), the grc".. ,h< >tttl""'" of ,he 01.1<"
of 'hc howl ('-rom thc pre";"'" .n,logy), ,nr! the rno",

,,,hi. the "rue1me. Th .... "iffo." <T."., ",biiity (>te
fi!!",,,, 6, 6), "lore "",eifie,.ll)', ')1""'etric .ti rro.....<ToOle<
c"en "..-m: ...I:>ili,~·, (Sy",metry in "iffn... ;' .chie,,,d
by .inu.Hy .11 muscb of tho """"; "'-'" figure ~. i, •.b.)
If 100lO joub of ~·or' .n: l"'t~)f"Incil on ,h< spine tb.n
,hc~ .'" ioul", of 1'0,ent;.1 cnergy due to "iff"""" the
.pine ~'ill h",:ome un>t.ld. ("", fi!!"'rc 6.~).

An;"e "'u,de "'''' like. "iff ,pring, .nd in 11<1, ,he
greoter ,he 'Cfiv>!i"" of ,h. "'o""le, the l!",.,cr thi,
>Iiffu"". Holl'.r .n,1 A",lrc.,,,en (J\>lll) ,how,,1 th"
join' ;ulfn"" inc,••>t' "piJlj' .nd noJ\I"""ri~·wi,h
"'u>de .",;,·,,100, ,uch ,I.., onl)' '"'''Y mooest ",...1, of
",u",le .m,;,)' or"'e sufficiently ,,;ff 10,1 <t::Ihl. joinlS.
Fnnb.nllOrC, ~,i"", pos',.'" inheren, joint stiffn." ..
,he l",,,i,'e c.psulcs .nd lig.",en« con,ribu,e "iffnes"

figur. ~.7 (oj Splne Sliffr...... I.'~i ",,1>;lily) i, achi<>w<l hy. comp"'~ Inl<.~>CI"'"oi "iff""ing Slt1,)(t",... olong tho! spine
,,>d (bl II""", i<xming the t",,,,, wall. 8.1.""i,,& "ifir"'" on oil ""I<>< oi the *""" i" n""" oitical to .."""i"ll .ubilily Ih..,
having high h ... on 0 .ingk! side.
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II
",rticub,I)' .. ,he en,l ...nll" of mnrinn, Tbe mo'",
mn'ml ,)"'em i••Lk to <'On!r<~ ."bility of ,h.
joj"" through wOfdi",,<tl muscle COKti,,,,;oo ."d
'0 • It",,, ,legr'<'<' I~' poo"g ,nin" in po>i'mn, ,h>!
modul>!. p",.i,"" stilfn<<< contrihution. llow",,,,. ,
f.ul,y IUO.oroontrOl ,;"...n co.n k1Id to i""ll><opri.",
m.gniludesof mUKle fum: .nd ,tiffness.• I.,,,-ing •
,..11'1' Ii .. ,he L.II '" n~1 oul 0<. dinicoJly. Ii)f • r,;nl
to buelk or ondergo .h.,.r ...."'I.tion. 11""-.,.,,,.
we .'" limit«1 in O\IT .hili,y '0 .".Ipe ,he k>eal
".hili,y of m<'Cboni",,1 ')"I<n" .nd p.n;.ulorly
1l10,,-'UloslcJe..1IInbg<'S. ,int" the en.tllY wdls .rt:

nol inf,nit<l;' Jeep .nd ,he m.ny ."",om,,:.1 com­
ponen" con'ribu'e force .ml "iffne" in ...'n.hmn,·
to <'1'.ot. ,urf..", of poten,iol .11'''lIJ 111 ..-li.:h mony
loc.1 ,,'dl, e"',.. Tho•. "" loco,e 1oc.1 ",inim. ~.

"",mining the ,!eri,..ti,,, nfthe ene'llJ' ,un•..,. (See
llc'II'""k. 1987: Ch"lt....idi .nd ,\I.-(;i1l, 19%. for
m"he",,,icol det.il.)

We 'lu,n,ifr <pi"" ...hili'}'. then, h)' fonning.
llIot", in "hi<b th" ",..I ">tiffne>s cne<g}-'" for t.eh
degree of freedom of jojn, morion i, "'l'",,,,",<tl ~.
• numhe, (or eigen,-.Ioe); ,he mognitolle of thot
numl"" ",p,«tnts;t> <'Un'nbo,ion '0 fo,ming the
heilll" of ,he 00,,'1 in ,hot p.orticul" dimen,ion.
Ejll"",·.lues Ie" th.n zero indie.te the l""en'i,1
f<>r in".hili,;'. The elll"'''''....'1'OT (diffe,.n' f",m ,he
eigen ... lue) c.n ,hen idemif}·,h. mode ill ,,'hich
I he inst.hilit;· occurred. while ..",iti,'it;· .n.I;"i•

.. u>cd '0 ,.....1,h. l~",ible contrihu"'r> to on...hl" b"hO\'ior, G"dncr_,\I"'>e ",d col·
Ie.!!,,'" (1 '/95) initi ..ed imore«inll in"o>tig"ion, in", c;~n,'«'1'o'"Ly pr.dit'1'ing p,"ern'
of 'I,ine defom",ion due '0 imp.i'ed mu><"ol,.. in'....gm.n"l con'roL Thci, qU.'lion "'''.
"WblCh museul" pmem ""ul,1 h,,'. l'rcwn'ed the in."hill,}"- Cri,,-~) and Panj.lri (19\11)
!>egan in,,,,,,!!",,;,,,,, in'" ,h. rontribution, of the '''nOO' p,,,,,-e tissues. Our group ha, !>een
i"ves! iga,;ng ,he .il(""vect,)f by s;"t"",,,icall r .dj o<t ing ,he "iff".,.. of e>eh ","..-Ie .nd .«<::ssi"l!
.... hllit;, in a ,... ric'}' nf la.h ",el ",en;i"". The eon,rihu'~>n,of ineli,'i,lual mu<cl,.. to ,..hility
'''' sho"" I",~ in ,hi, ,-h'IMeT.

A"j,.. ,ing • g_I' of mUKIe ,~'n.rgi", .m! .n"go"i", in ,he opti",.1 "";' no" be.."",e;
••,itie.1 i"ue. In din;eal 'enll'. lhe full coml'lemenl of the "ahiliz.inS mo..c"I"u'e mU>l
work h,m,olllo"')y to cmu,. "al"lIly. II"ne,"tlon of ,he r"'Juired mOlllcn' ••nd desired
joint ",o,'."'e",. Bo' onl;' 0". '''0",1. ,,';,h in.pp",pri.,,, .ni,..,io" ''''pli'udc ""y producc
",mhili,}·. 0' at I."" un,,,ble boh"'i,,, could 'e.ull (TOm in,pl',op,i". aeti,..'ion" low'eT
al'l~i<d k"d•.

riSUf.6.8 h- """" joul", <JI """ .'e pe<f.."",,1 00
,he '1""" th." 'here 're ioul", uI putmti,1 C'",.gy d.....'0 'tiff",-~,. til<! 'pi"" will Le<ome unstilLle------in ,hi.
c,"'. til<! in""hilily <T><Xle i, bodling.

Muscles Create Force and Stiffness
When 0 mu",le contract, it c"",'e; bo,h forc••n,l >llfFneo•. Whil. >litT""", i, ol,,'.)", ,,,I>i)i,;ng.
~)"'" nlOJ' ...I';li.. or ,It"ahill... The ,d.ti'>n,hip IlCtween i"'-Teasing ~,r<" "'. mmde an,1
,he n:rrre;l"",dillll ,tifflle,", i, quite nonlin..... "ith I'rg< inerc."" in "iffn..., "",'",rillS qui,c
eorly a, 'Cli""ion !>egin" Tho, OS • m"",le hecomc< ml)l"e aCTi,'. it u,,,.lIy .dd, lo 'pin"
."abillty, but If ,be f"ren keep, ri,ing. lillie addi';onal ,tlffn.", i, e«a""l.nd ,he force "f
,hc ",u,,-Ie will b.,:"",o I.rge enoogh '" ,ctu.lly induce but-kling of ,hc 'l,illc (ll"',,'n .nd
McGill, 10(5), Thi, i, mo'e e"iJenee fo' ,he wi«\om of diniCllly enhancing -,pine bil.
itJ wi,h ,he ,~,;"'<."ti,.. of hoi.""" in .>tiffne" mel fOTCe in .11 con,rihu,ing mo ....k.., ....h than
~"-""nK 011 • sinlll. 1Il0>c1. gruop.
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Sufficient Stability
J 10...· much ,ul:>ilily i> n••""",,)"' (lI"'lou;lJ\ in,,,ff,,,;"n' "iffn... '.nJ.... the ;o;nt un".ble. hilt
tlIO mIlCh "iffnt...1I<! o.»en,..t;"n i,opo,•• n,,><i,'. Io.J pen,ltit.. "" the illints .."Ip<,-"""n"
mo,i"". We l·.n Jeline sufflciem ".hil;t)' OS the tnu«ul.. "iff"".. '=.'y IUr s..hili'f.... ith •
m<~ks! ,m<)unt ofe't.. ,uhilityto form. n"rgin of..ret)"_ IIl'e'eStinglf, gi"en the ...pi,l i'I<""'"
In ~>int ,nime.. with m<~l,- muscle foree, "'lie mu"",l.. fo...", "e ..,tlJ' ",~uiITJ.

ClloI""'ido', "'or~ (Lllole ·idi .oJ ,\ kGill, 19%; COOlewidd, S;,,,,,,,,, .oJ R.<kbolJ, !lJOO)
,lenl()n,,~...d Ih.t. in mosll"")p1....·ith ,n unJ"';,t<'<J 'J'ine, mocks! b'el, of",",'"l:i,..'i"" of the
"".--."....1,nJ .l>o:Iooni...1.....11 mu",[." ...ill """It in ...ffi<:i"nl ... lNlilyof ,he lllmbo, "lin<. Thi,
me.n. til" i""'l~e, from l"ti",'" tu .. ill",,,., m,," tJ< .ble '0 tn.i",.in ,,,ffi"H:nt ....bilily ill.1I
,eti,'ili,,-"'ith 10'" bt,t o.mtin"OI" muscl••eti'~lion.Thtls. m.int>ining. ol.hility n"'gin
of ..r.,}" wh"n pe,forming ",k<, p"tirul.rly th" '''"' of ,I,ily li~ing, i, not ""mpmmi.",l
b~' in,"ffid.", strmgth but l,r-ub..bly b)' i,,;ullici.o, .nduront<. We .... "ow begi"ning to
und....tond the meth.nistic p"h-.y of those studi.. ,ho,,'ing Ihe dfi..cy of .ndtl.,nce
mming for the mu",l., th>! ",hili", tho _,pine. I J.,ing "'ong ,Mo",in.l mu",l., ,k.., not
nn",,,.nly l"",-ide the prophrl.e'ic dfttt ,h.. Ill"')' hOl",d for. I low",'.', ..,·• .,1 worb
.uggeSl ,h" museul" .ndu",,,,,e reJuce. ,he ri.k of ftlttlre b.d ,rouble, (llie<in~·Socen"'fl,
19iH), Fifl.l1j", ,h" Qlle.n,l.flJ group (.,g., Ri"h"d"'fl et .1., 1W9) .fld ••,·...1o,h"" (._g.,
O'Sulh",n, Tw""nc)", .Ild Alhson, 1997) no",J ,he Jjsru,-t,.""", in the n""','" cull'coI .}'''''n
IOllo<o'iog iniu'y (Je"iled il> ro'llle< 5). The.. di""roonre< """,promi.. ,h••bilil)· to m.'''to;o
.<officien' ,"'\>ilit)'_ I" ,""''''''}', ,..I~li'}·",m"" from "iff""". \"",i,·. "iffue" i,lo>t with Ii"".
J.""ge, md .cti,-c ."ime.. throughou' ,h. r.n!l" of mo,i"" is los, ....i'h I>crtu,bed moto, p'"
,e".. fOlio... iog 'oju'}'.

StabilitY...Myths, Facts, and Clinical Imelications
ll"ing ,,>plor,,j .mn. of ,he ",,"'" of ,pi ... ,,,h,li'}', ..... "ill now mn,;Je, , fe .... erue".l qu",·
,;"n. ,h" ...·ill help enh"...", dink,l decision•.

• liD"" mucb minch <In;''D'w,, U "uJed fD ,,..,,,, "4Ji{~'" ,,,,hiliry' The ""''''"' of
nou><le .",;'~,io" rlttded '0 .n,,,,,, ",ff"'.,,, ... hilily J,-"\",nJ' on the "sk. Ge,,,,,.ll~·,for ""'"
r>'ks of .I.ily Ii,'ing. ""f}' ""O<b, b'el. of .1I.lo",i",1 " ..II cocoo'~.><:lion (<leti,..I;"n oi .hool
10% of m",im.l mlllnr>'}' ",,,,,,,roon t>< ....n I.")'IT ,,,Ili,,,.n'. Ag.in, del"'",ti"g on ,h"
..,~, "",-'Om.....;"n ...·i'h ,he """"';0," (.hi. ,,'ill .1", im'ludc ,he qu><!r:llu,) ....ill e"", ... ".bih,~'.
Ho....·"'·e', if. ;oi", h" lo:>t "iff""" fJeo .... ofd,m.ge, 'tlOft' r<XOIt,.-.",ion is neWed, A srecif..,
"""mple i, mown in "h.p<e, IJ_

• l; /I"'I,;"glt ",...,It "''''' ;"'/>'Jf1/1h1! s.,,'er.1 dinical groul" h.". suggest.d focu,ing
"" OIl<' or IWo mu",b '0 .nh,,,,,,, ""hilitj,_ Thi, "'OLlld I", ";mil,, 10 emph,";zing. single gill"
"i ... 10 ,he fi,hlng nxl en",pl•. R.relJ· ",,,,ld i, hdp; ...,hec i, ....ould he de,rimen..1~". .ch,,',·­
i"g the b.lance i" "iff"... ,,,,<:tkd '0 en"'''' ".b'li,)' 'hroughoot ,t", ch.nging ",.k d..,,,nd,.
111 porticllh,. clinical grr>Ops h,,·. emph:osi>e<1 the m"ltifi.lu, .",Imn" I~lornini,- The
Queen.hnd get"'p p",nlrTned ...ne of ,he origin,l "",k empho,"ing ,h<. "'" "' ....1,... Thi.
,,~,~ on their kSdrch noting n>otor Jisturo.nc.. i" the« ,nu",l", i" """. inJidcl".l. fOI­
lo<o'ing injtlry In foct, lhey d,,"eloped • ,issue d>"'.ge mOlIe] 'Ugl(C"ing ,h.t chronic.lll· poor
100"'" ""n',,~ fmd m<>t:ion p,nem.) ini"'t.. m,en,,,,"u",, in ti",u...h" '''<1.mlUl",,,,, "'"Img
'0 .p"p,,,,,o.,k illlul"y (Rith.rd,on et .1., 1999). Fulther, """--"ding to ,he Q",,,,,;I.,,d model,
inju'y l••d, 10 f"nh... deleterious ch,nge i" 'oot'". pon.m, "",h Ih.t chronkity Coln be ;,mken
onl)' "i,h ,]>."if... t",hni'I"" to ..,.,Jucote the kJcol m""'h........"''' "'''''''" 'p'em. The mten,
,;"n. of the Q"..",I.nJ group wete to .dJrc<s ,he docu,,"'"'eJ ,,~>tor defoci.. ",d "'...npt to
,eJ,,,,,, ,he ,i,k of .h...... n' mo,or p"le'n, I"" could l••d to ,he p>,hol~'_incl,,,,ing pm.m,
In ,hei, thm'ge modeL In t>the, "-ortI,, thei, ,«,<>tmnen,!>,ion, 'P'''''' '0 he dir....d 'n.....,.d
reMe.ting tho f.ully ,notor I","em•. 110,,·..·... "',n}" dini..1group" h"", intetpro'cd ,hi.
'l'I)1l)ll(h '" n""tn ,h.. ,h""" 1~"O muscle, shotlld be ,he ,peciflC to'll"" ,,·h.n """ i, t••ching
",l:>ilily ,,,-,in'en.nce ",·.r ,n ""'''' of '"ks_ Thi. i. pmhIet,uri,,_
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HOl"'fully ,he und<",..n<ling obt.in,.,j from ,he 'lObili,y ..pl,n,tioo 1'n:1"id<d ".,Iie, ",ill
unde"",'e ,he follrof thi, uni,llm"n';on.l "mph.,;,_ In f"'t, the mul,ifu!u, or ,nrothe, moscle
,"n be ,h" mo" I",porun, ".bili",".n in""""" In time. FOUT ":<erel"".re presented.'.n
e",ml~e ("". figure ~.9) in ,,'hieh the eO"'Tibu,on to ".bili,)' or. silo" 1\. The impon.nee of
indl,ido,1 muscl.. "'ill eh,nll" .n,1 ..Ii"" ",ith ,obtle eh.n!!"" in rel"i,'e ",,,,,,Ie >eri,..t"'n. In
the« .",ml~« the .dju"",,,nt< of ,11th" Imu,... in ,...h whole muscle.re ,,-• .-.ged in o,,1<-r
to ",.. I".", ,he: "ntire m"scle' role. ()b,'iou,Ij'.•dju.m'en" il\ "ngle Iomin.. of some mu,",1es
"",old rcsuh in ye' • ,lifk'ent di,tti!"'t;"n of oon'rih",ion, to , ..hilit)"_ E,..h",ing. ,,-I,1e ,..riel}'
of ..sb .nd .."rei,." i, most re"..lmg. The mu>cul>r .n,1 mo"" contml 'y"em In"" ""'f;'
''''I'''''''''"n1< to "" .. in J'O"",ts, en"" '",-'''''10''''''' l:no.'" .goi"" sudden molion 0' u"'"'IlC<.,eJ
fO"",s, nuil,l press"'e, .nd .,,;,t eh.llenge.! I"eothing, .11 ,he ,,'hile en,,,ring suffocien, ".I~litr.

\"lrru.II;,.1l mu....1<:, pl.;,. ,,~e in en,uring ,,,IMlity. b"t th";, ,mlx,fUncr ...ny point m nme i,
det"rmineJ 1>;' the unique ,-"mblll.""" of th" <km.nd, i"" 1i"",1. b'el)' "udy ,lut h......'u'lly
Gu,ntified ".bili!}· of ,he spine h" ...,,""d tho ,.'ne COIX"I",,~IIm"",It:..re impo,tan,.
,mplring th" • dini..1f",."us "n one muscle .n,1 !1<M ,"" whole 'pt,.", i> <ktnmentol. In some
II\>U"''e>, th" perfom'orl<" of "'''' muscle ""h,,,,,-,,, .noth", (e,g.. ,h" ",,-.-tII ••Wornini••",,,..
,he oblique< for ...hili,..tion), Fu"""', C\;<k""" h.. <kmon"I",,,etl ,hat endu,"",,,, in ,hese
muscles i, n"a-",,,,,)-' to focili ..te the a"'tin"",," low_le.,..,1 <tiffernng conrrocrion, req"ire,1 I'm
th" ""inten,,,,'" of •."IIi,-;,,", ,ubility (",g" \\"191<' et ,I" ,005).

• Do i<><ull/{lcbal .... i"fri"'~/I"xtri"ti€ >tubi/iun I"",in! Fro", the d."ic definiti"n .nd
'lu,ntiroa,ion of ".!:>ilit;·, ,he ,1\,"., ,,'oold be flO, Sl.bili,}' ,esults from the stiffne« 0' e>eh
jojnt in. I"'nieulo, '\e-grff of f"""k>n,. Th. ,d..i,'. <t>ntrihution from "'-"ry ","<de "'~
i, Jp"",ic"Uj' ..honging d'1",ndmK 00 it> """J to '-"OIltro,~ fo.- other 1"''1......... The w'r the
,.. rioo, ro""ibu'''''' '0 "iffn... ,dd up> ho"'.,'.,, i, iml"""''''' In SOtn<: irtSUt><:eS, ",n",,'ing,
mu",le fmm ,he .""Ip.is leo, "ery link "ffe'" on join' '''bi!It)-' Onct 'goin, it ,I"I"-'nd, on the
J<1ll'''ds .nd oon"","1> ulliquc to th" u.k .. that in...nt. The I",int i, th" .11 «rntnbu,or••re
it"llOn'''' fOr ,om" ...k, .nd should be ,cct"Kni,eJ "11OI",,,i,lIf i,,'I"""'"''' in '''f l'",,·.n,ion
or ,.hobilit.tion f"Oi(I"Om. ('.on'-.'sel)". ooncei,;ng ",hili"'...., "in"in,i<:" or - • .,rin,",," nror
off.., no oc",iit for c1inic..1deei"ol\ m.king.

• .~

fi , 0,10

h =
__,

f! • .~ = E_oI*qoo.

= I""'mol odQ.>M• '.00 I = ."~'1 -1_..... ..-.-.....
• .~

, - Ltvyo....... _-• I!! --~, .00 -laOI_ dQ,sj- Mul'''idus

Ii
, ." - T,.,...... _

-+- Soabilily __

0,10,
• .00

E..""..

Fill"'" ",9 ,"""....ring indi.iw,,1 mu.c1e inll"",""e on I"""",, 'p<ne ".>bili'ydu,ing perf",m.",,," lour dif{<'f<.'flt ·".\';Ii,.·
,ion" <',efti"" ""mon"'a'.. ,h.t .11 ",,,,,,Ie< .re import.", .00 ,i>.:>t their ,dati,'e impon.nce d",nges ... ith the ",sk, TeX.1
""bility i••1", iOOicOl"d by the ...."""i""n' <lerno",""tlng how "ahilrty can ei>.:>nge b<.W<.'<.'I1 task" (Thi, i••n e"mpl"
f,om a ,ingle sub;ec', T\'I)"ally, group me""" indica'e. diffeR"t "abili'y ,anking <i o>:=i"".)
c........ "'~ ....... _"M«AOI
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• lI'bm drr ndbili""t;a~"":.n,,,! SulJi)i,y t:<ore~ ,,,d , ...lJk core .... olt"" di>ru""d
in ",e..,i.. f{ll'\llll'. \\'h'l '''' .. ,hili"'l;"" .,• ..,;,.,.' TI.. fact i, ,h'l .nl' =rei.. c,n I>< , ,,,hi_
li""ion .""rei", <lel"'nding on how i' i' pe.-fonn,'<!. Suffici.nt ~>in' "iffn... i. ""hi,~','<1 'hmugh
,he enotion of ."",ilk """or lU"en". 10 od'l~ • ph,..", lJl>I'ulor;n mowr con,roI ,'i",I"".
"I'r><:tice ,!o<s not m,l. r<rfOC1; ;t nul:"" r<nn' ....nl: hle,lll'. g<JO<l .. ,hili,,{ion ""rei .... (h.{
".pc.,-f<mned pn>p<rll' gn~)yo mnn>r ",d n~"ion !"'lte..-n. tn., on... .., ."h,)i<)' wh,le S;l,i.fl'ng
.11 o.h«d.mond•. Thu•. ,n e,erei",.....1"'.«'<1 in , W')' 'h" 1(1"0<""" """or p;llten" ond "n;u,'"
, ,t,hk ,p-i...., conSlitu,... st.I~li",{;One'ere;'" (.1 kc;lI, ,(01). How·.'·...., some ,,,hiliu'ion
"'• ..,,"" 0.., ben.. 'hon o'hen; '!pin, i' ,I"""nd' on ,he ohjecti,",. For ""'mplo, ,he "-,,ulun'
Iood on th" 'I"n" " rote)l' o:,,"i<lered, 0"0 \;,'-"}-' '0 n"1"""-;I'1( bod boeb " w ",In. ,,,hi),u,i,,,,
"'erei"" ,h., imp"'" ,I>< low'e" Iood on ,ho> d,,,,,ged 'I~"'" OUpler S P"O"ide:s ...nling of",ch
exereises. On 'he ,~herh,n,l, ,he ""'" ,,,hili,,,,;"n ",,<rei,. for, high_I"'Morm,....., "hl",o will
i","Ok" ,he gro.>vinll'0f , d)'n'mie' 'nd eor"lk, moti"" p""om. • 11 the wh,l" ,,"'uring suffici.n,
",i"e ""bili,)'. An impo""n, "'qui...."en' for IlIOn)' "hlel'" i' to "n",,,,, st,ble ,pine whik
hro"hing hord.....h "when I~o)'ing high_in'o",i,)' '110m. 'm" w',11 I>< discu,,,,,l in eh.p'o,

" • Om ,Iinirisln. idm'ify ,/",,, ,,"" "'" poor ""hiliuTs! From 0 qu,li"';"e 1~""'1>e<1i"e.

,h. on<wu i, J'e, " long" 'h" d;nK;on i, me'<l in'o ",.;ng ",d fe"'hng mmpn"",,,,d motion
."d muscle .t1i,,,,K,,, p.".m" From' qu,,,ti,.,;,,,, I"",,,,,,,i,'e. ~'e h,ve: u""d morldh,g .n')j'Si,
IG try to tind w..~., to iJe"lifpoo.. wh" ","'promi.. (heir !umh.. .Il"hilioy fron' "J""'ific mnlj".
..",'''~OITon, W. "I""n'"l such i",w,,~,m'e m"",le .'."Iue".ing;n men who ""'" .h.lle'll!!'.',1
bj' holding' !OId in the h"!d' ",hi)" lore"hing 10% CO, 10 d",..'e bruthmg, Or, ',,'e hond, 'he
mu"'leo mu" ro".-.n,,,,,,, '0 en,"", ",ftki.." ",ine ",hi!i,y; bo." "" 'neother, ch,lIo"geJ b",,,h.
mg " oft"n .h.rocr.-rized ill' • ,h}~hmi. ""'troe",,,,_,,,I...,i,,n of ,he ,lnk"ni",1 " ..II (.\kGili.
Sh.,.,...".•nd Seguin. 1995~ Thu'. ,1\" mOWr 'j'''m' "I""sen'ed "';,h. cunnitt: Should 'he
,orso ","",t.. ",m.in ,cti'" ;,0"",,,;,,,11)' IQ ""inuin spine .. ,biti,)', or "'ill ,hey mJ"h"'iC1lIl)'
rdu ",d rontroe' '0 os";" with ..ti,'•••p-ir"ion (hu' "",rific.e .pi". ,t:lhililj')' Fi' n,,>tor J)....

"n" '1'1"'''10 "",." tl1e "mult.n""'" b,...tl1mg ond ,pine <tIppon d ..lleng.; unfi' on« m.)·
not. ,\11 of ,h"", <ler",i"", mo,or """n~ "'""h,ni"",, will heig~ ..n biOl"e<~,niC1lI ,uscep,ibili,~'

{n injury or ,dn;"ry (Cholewi.:;li on,1 ",,,,,ill. 1990\). 11'0.,.. currend)· ce'ing (hi, p:u::ubgm in
• ""'g>tudi"'l "ud)' w "-,,, if """" ~'oo bord"red on in,ubilioy dunng 'hi' .n.II"ngc wil) be
,he one,; \\'110 develoj> low b>cl 'rouble<. Some other "'''' ro <le,e<:t fuoction.1 inmbili,~"""
'k",rihed in .h,plo, II

In ",m",.ry, .chi",'ing st.hili<)· l' no, iu.ll' m.ner "f ",ti,..'ing. few' (..gc"e,1 mu"'l.... be
,hey ,h. mu),ifidus, "''''''''''' .lw1oI"ini<, Or .ny ot~u. Suffi"cnt ... bil,'J' i,. """"ing "rget
,h.. «;>I1t;nuoll)' d,og"" " , fu'lttiun of .he thew-dim"n,ion.l 'orqu"" ne"ded 10 'uppon
f"""'''''. II im'ok.. ""hie,';ng 'ho> "iffne" ne..,ded '0 endure """''I"""ed 1",,1,, prepning f",
",o,-;ng 'IU;dd)', md cTl>Uring ;uffici.n' ,tiffn... in on)' <legre.. of fn"iIoon of ,h. ~)in' th" m.)'
be "'''''I>ro",i",d from iniury. ,\10r0r eX>,urol fill'e" i' e"",o,;,1 fur ...-hi",'ing 'he".bili,y ..rget
"n,ler .111""sil>le oon,li,o;"" tOr penon",n« ,nJ iniu'}' ,mid""e.
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PART II
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Injury Prevention

In 1""11 we w"ntwck to ,.;hooI for an urdJ1C on IlJITtk>r 1un<.1""'. In 1~'f1 II
,hi, lound.lli<Jn IS lJSl'(! 'n jlJ\,lify tho:: t""!l ini"'Y l>rev""ti"" afJll«"1cl\e$.
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CHAPTER 7

LBD Risk Assessment

T"·o I}l"" of rhj~"'.1 ,i.k {><tor> predi>pOS<: I'«'!'le 10 <b'eloping "",. b<><k trouble;; ,i>ose
link..1", the pe",,'" (1'0' e"lllj~e. musele .",Iu.... """ 0' lhe I.d< of) .n,1 !Il,,,,, link..1,,, lhe

dem.nd< of performing. ""r"in ,..k (fUr CX.II«)I~C. 'W1ic<llwd,). Thi. ,,'h'jxcr de,,:ri1>,:. how
'0 .."", ,he ri;lo of h.d ,rouhl", ,h., r"'ul, from ,h" ,.,~ Oen,.nJ•.

Upon comple.ion of Ihi, eit>pler. J"<lU ",II unde"..nd the I·"i.hb ,hat >re import....., '0

indude for ri.~ .<S'OS"nen' .nd oc f",,,II.r w,th different rooJ. '" as"". the 0>1;. The« tools
include ,he NIOSH 'WOach. ,he SfI<.\OA p;yel>orhj";C11opl'"-,,ch, ,I", 10mb" ,notion muniror
(L\L\I) 'f'I'"""h. ,nd ,he Erg<>"..'eh 'I'l"',"ch.

TIS""e "".rk"d emS<:> d.m'j(c .nd ""W4uent 1<....' t~~ ,,,,,,1>1... AsS<oS<ing the ri.t in",h",
romp.ring oPl~i<:<ll();ld, ~'ith ",xne IOnn "f lood-he.ring ,,~....."Ct ,·.Ioe. a.oJller 5 indo<kd
....mpl.. of 0PI~'c<lI","h. ,i""" "",k .n,1 ini"T)' ...,n,ri"", AI,hoogh ,Ii,ec\ meos"'emen, of
ti><oe l",d; ""JUld oc ide.l. ,IU, rem.in' i",pr,,,';e.1 fUr I,,!!",, nw"oc" of pt:oplc p"rformmll
• ""de ,..riely ofO«:0I,,,;"'n.1 ,ask< ,nd ><tid,"" of J.'I\' lil"ng, R<s<.",he" h.". <b'doj"'d
,..,ioo< """leling 'f'I"",,,,,he< to pre<licr Ih... I",d•. lio' ,hey remoin ","'ho<lological1ycomple•.
I'm thi, ' ....'on. 'Orr"!I'l<~ fU, ,i"ue k"d ,it>,.re Im~c<l "';,h I"""'re. 'PI~ic<l k"d.•nd m"tion
h.". ocen p"-'flOS"<l. 'Ik>e ,,'ere ,n,roducc<l ,n eh.p'er 3, "EpidemiologiC'.1 S,,,dies oil Lo,,'
B.d Di<nnlers (Ull:l<).· See "Brief Re,'iew of the Ri.,~ 1',.,,,,, fo< LEI)" fU" li.1 of h.",,,,,
ri,~ f..,.". ,hat incluJ<.. de""'l""'''' and eri,i4uc, of ,,-~·<.... I 'I~"''''''OO"' .<.."mg ,hem,

Fo"r ri"k ......",enl '1'I>ro><h...re pre.."'ed ,""'" "r Ie>. fro", le.S! co"'ple~ '0 "lOS!
compl... The .imples> .ppmoche."", melri", ,h" ore ,he e",ie", .nd che.pe"l (() emploj'
fo, iniury ri,~ ""'"",en'. How«'er. the", >re "''''I"",ni",d liy' l.ck of ,eCll"CJ' an,l '1"-'<;_
fi<i'j' .nd ore TOO' ..n"'tl", ", 'nd',',l".l "-orker or I""son ,ech"'q"e. The more ",,,,pl..
OPl'l<'OaChes in,,,l\-e mo", sophistiCIlc<l m<~"""" .nd.re more <'l"'n";,,,!O roo"I..,. h", ,hej'
..e more I'd",,, 'n ,he'r ",,,,,;,i,ity to spceifie u,b ,nd ,he incl"i,I",1 ""'j'S In whieh people
d"" '0 perf""" then,-

Brief Review of the Risk Factors for LBO

'"

•

•
•

•

S,.,;. wuri 1""''''''' 'f"-"-"ificallr p,,~onge<1 tnmk fleaion ,nd , ",;,,<~I or later.lly hen'
,nmk I"""'''

s."c<l ,,-ork,ng l""'ure<

F''''Iuent "",,, n",'~",. highe, lpine ",uri"",j "elocity, ,n,l 'I"ne ",""on,1 ,bi._
,ion'

Fre<j""m lifting, I,,-,shing.•nJ pulling
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\"h...'i"" e"",",u'c, I"'niocubrl}' ....ed ,,'Ilole-hody ,·ib...,i""
r..l .nd cumul"h-... IO>l'I,.,l ,h." fOro::. cuml""''';''. tOfU, .nd .",,,1>,,, mOmen,

Inci<kn<:e of .lif" .nd foil,

The.. 'i,k f'<1ofO h.... ~n iden'if,eJ from ,i"...·L>.>eJ .tudi..,

•
•
•

•
•

Rep<.,<:<1 fulllu"'!>" n.,ion

Time ofdo;' (or 'ime .fte, ri'ing from 1,.,.»)

E...."",j"e ",.""i'ude ."d 'epetition of ..."np""',;'·e Iood', ,h<o' I"'d,, 'nd 'orsioo,,1
di,!,I,,,,,men, ,,,,I n"""en,,

Imuffie"'n' ~"d,"g '0 ,n., ,i,,,,e ""'ngth i, <nnpl'(~ni",d

R,pid L>.lIi>ti<-lwding (<udt .. ,h.. ,esul,ing duting l,ndillg (ro",. f,lI)

And nn,Il;', 'h<o<e pe,-,,,nol ,""i.l~e' b.a,,, 1><."1:1\ ,ocn,in<.,)" ti.l1: heto...:

•
•
•
•
•
•

In<IT''''.,) .pine "'obili'}' ("'ng'-' of"",rion)

Lo"'", '0"" m"",le ell,]u,..llce
Perturhed "",,0' con,rol p.ttern,

,~

Gend...

AWomin.Vwrso l(inh

NIOSH Al!)Jroach to Risk Assessment
For .1""" ,he 1"" 40 ;"'" I,,"h field """-.ill"...,, .nd bl"....'o,)' ,tudi", h,,'c f,,,-'U>Cd on 'he
...I>tio"'hip I:»-"""e" L>.d injury ond <'0<"1""";'-. (0"'''' "'l'etietl(<:<I bj' "'" lu,nbar 'I""'" For
e..."'pk in l~ I lit.: :'>:Olion.1 In,tiMe for Oo:"I"'io",,1 S,fe.)" ,nd 1,[""I,h (l\:IQSH) puhli'hed
guioclin'" fi" mwmwn "'''''p,e,,,,,, k"ding of ,he luml", ,pi"" (I""h .n ""M," limi' of HOO
N 1,1>00' 750 Ib1 .nd • ",.,jmu,", I',enu;"sihle li,ni' of6Joo N 1.1>00' lolOO IblJ 1"S<'d on "",ne
e,r1ie, ",'idena:. In 19'J~ Le,nlon queslio<l.....1,It.: u.. of ct"npre»ion ",hen he 'Iui,e cor"""I)"
.",<:<1 'h" the ,uproning ",-ide""" fo' COIu",,,,,.,n ... metr;", Of index of risk, w~, "",..,.
I [0"""'''', 'in'" th" time, "",e"') goo<l <lito sct:> h,,-e ,h""." th.. ,,,,,tining 'he "now" of """.
bad OOI"p""'io" (lxtth pe.~ .nd cu,""I.,i,,,) i, one ".lid 'W",.ch 10 ,educing ,he 'isk of 10,,'
h.e~ injury (fo.. cumple, d.,. oct> in 'he ",,,,-iou;lr discus""l .",di.. by Norm.n e, -.1_ 111'\18)
.nd AI:lrTO< ,,' .1.11995]). In .ddi,ion, KIOSII h., .1", 1""1'0><'.,) lifting [("iddine' to I""" 'he
..no"", of 1""lli(,eJ i" the: h,nd,. Th limit:; .... de"""il>e<l in the follo"-ing <CC'riO'lS.

The innue""" of NIOSH Iu, been f eoehing, m.ny groups [""'e u,d th"", ...J.... in.n
'tle",p' to redu<", 'he ti'k in wooet:>. I" r.<~, the NIOSI I 'l'l,,,,,d, run'm"'" to be wioclJ' used
,<>d'l' pri",..;I)" btt,u'" of it> e, .. of "<c,

1981 Guideline
The fi", lifting guide (NIOSIJ, I~l) " .., ,<:>trie'ed '0 lif" in the ..ginol pion<: .n,llift. th..
in,-oI,,,,d only .k"" .nd "1Iooth m"tio".. PrtJi,";on; nf the lo.d lifted in the h.nds ,,'ere I"<cd
on SO"'e rodi,nc""')" dist,,,",, '0 ch .......eri,,,, ,h" bnett,.tiQ of ,It.: lift ,nd lood morne'" " ,h"
low !>xl_ 1,.-0 limits "e'e delinedo ,be ..non limi' (AL), whieh, if ",,,,,,,dod. triggered ...<ion to

'Wi;' cn!(intttin!? 'nd .dmin,,,,,,i,·,, <""trnI" .nd th" ",..nnum I...-rmi"iblc Ii",i' (MpL) for
'he I",d lifted, .bo,.. "hieh ,iIe ri'k is too hi!?h .nd not re''''i''ible. \I'eight< ligh,e, thot, ,he
AL Me eon,;,le",) ,.fe_ ~:"pett.• "'i'h hi"meeb.anicl. ph;',;oI,~cl,",d I"}",hophp'cl expo"i",
coo.., ,n... ",.!C"'",<k of th,'S< hmi" ",d 'he ,..ri.bb nctx!<.,) '0 "",nl",'e ,h"n. Th" gene...1
fo'm of ,h. f"""ul> u><:J lO eon'I'",e 'he AL ~, "'ei!(h' in the h.ods i' .. foI\o..'S:

AL (kg). ~O (HF)(YFI(DF)(FF)
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11F. boriwn..1bctor, or ,h. horiW<,..1dl ...,,,,,, (II) from. poln, blS<cting ,II< .nll.. to

the ce", ... 0;>1' gro,itj' <;>f ,h. k>.d ., th. lift origin. Thi, W'" defin«l .. (15m).

\'F • "cnit~1 f,ctOr. Or ,he heish' (V) <>f ,he lo,d 01 lift origin. T~" w" defined .. (0.000)/
(\'.75).

IW. ,~fom:w,{lI'the ,,,rric>1 ,,,,'d Ji",,,,,, (I) <>f the k>..1 Th;.; w., d"fin"d .. .7 • HID.

FF. fre~uency f,,,,,,., (lI' ,he lifting rate defined .. 1 - Fir",...

F • ,,'e"'ge freque,,<-)' of ,h. ~ft. ,"'nile Fm,. i, oo,.ined from ",\>01,,«1 d.1O.

lne logic <>f,he equ>tion i, to .., , m..im.lloocl of iO ~g (tiS Ih) .nd mul,irly ,hi, .,.Iu"
'Vin" ,..ri.hl", th.l, ,ct .. ,b,enun' f"ewn. 'In"" ,he ",,.imoilift is -to 4; (H8 11» undcr npti_
m,l """di,i"", .nd when .Jl ill'mun' ,..ri"bl.. "'-lua! unity (I), Suboptim.I lifung rond,nun'
c-au.. ,he di<WlJ1l1 ,nullipher> to drop 10 Sln.lter ,.. I"... reducing ,he '<afe" I".d, Tile ,lll'L i,
"""'puled,,, ,hree tim.. ,he AI.~" 0 l.. ni<;u!1r se' oflifting circum,,",,,,,,,,

.11PL.3(AL)

1993 Guideline
lne rni<ed NIOSII e'l"Oliun (\1".,,,,,, el 01 .. 1993) wo< in,roduced to ,dd.... tho;c lifting to,l<
th", ,·iol.",d ,he ..gin.lly <jmm",rie lifting ""k re>!riction of the .orlier <'<]".Iion. In oMllion.
,he "'"""I''' of the AL ond ,II PL .....e replaced ..·I,h , .-cc<",uncn,I",1 ..eigh, liml, (\I.\\'L) foT

, I"nkuJ.. ,i,uotiun. If ,he :I<'""llood to be lift<-J "",,,cds ,he RWL the riS\; uf dt~'doping.n
UI[) i, de""ed, While ,h. 11.\\'1. e~""ion is ,imi!>, '0 ,h. Ioml equ"ioo"w" oMi,ion.1 f""tors
..·.re incO'1""OIed. These inelu,1e on "l'llllll,~rie ",ri,h1e for nnn..gi'101lifu ou,1 0 f",,'m fm
whrther or no< ,he objct~ h.l, h",dles, Note <f", the "l,,-",-ific ,~rioblc ",elghullll" .1", d""l!'-"d
from ,he 1oml cqunioo fortll,

R\\'1. (kg) • ZJ(15/11)[ I - (O-OOJIV - 751)1
" [.8! + 4.5/D]XFM)[ I - (O,OOHMI(C\ \)

11 • horiwntol k..::'U<'" fon<..nJ of the midI"''''' oc''''''''n ,he on,k, " tlle orig", of the lift.
If signifoe"" con,rol is ....~uired" ,he de"inOlion. ,hen H ,hould be me'''u''ed both .. ,he
origin ""I ,I""inotion ofth. lift.

\'. ,'enk..! ~lCO'~'" ., ,he ,>rigm of ,he lift.

D _ ""nic,I,ra"c1 di>!.nc. be",."n ,he ","igln on,1 des,lnOllon of ,h. tift.

FAI • fre<locncy ",ulupiitT i. ohuinod from, uble suppJi",1 hy NIO$H

,\ _ ,"gle be,,,,,,,,n tlle ,nidlX'i"' of ,he ,"kles "w,ne ",idl't",,, he''''""n ,II<: h.1I,Js 01 ,he
{lI'igin of the 11ft

ell. ""upling mul,ipll.r ranked .. ei,her good fair. or p"". It i, ,~"oi",--J fTOm I ",I~e,

In. I'N3 .~U>l~'" pred..... ,m,II,'l" lood, ,1Lo, em he lift",l ..fd". when mlllp".-1 '0 ,he
1981 equ"i,,,,. 'nd i, tllu, mOre "",sen·,ti'·e. In",,,,,tingly, NIOSI i o/fcred no I""'''",n for
,h. difference in co!",ci,i.. of 'nen .nd "'"nen; ,he,' or. ,re.,eJ ';mil,r11' lorgd~' for roli,ic.1
"'.«)It" (I ,Ii"""",d ,hi,",sue nf tli",-""mino'~lIlond,he i",l"ct nn rmtecting ,-ulno.-.h1e wnri:e,"
in ,h'I".r 1.) Futther. ,he oppro~'h Ignored on)' inJividu.1 diff,'l"C"'-'" m bodj' m",h.ni", ",,-"<I
during lif,ing. In ocldi,ioo, ,ome h.,'e '''!®,Slcd ,h., <he h."di<: f.<tors "'.~' not be ron,i".,,,
..ith ,he subtequen' fo"", endu",d ht· ,he wly. For e.."'plc. "hile NIOSH o""mod th>l
hOling hondf<-< "" ,he lifted ob;«' " hene" ou"....rk h.. ,OO",n ,h.. h.ndle< .llow tlle hfter ttl
.[>pIy ""ell more fune. resul,illg In subsequc1l1ly higher bod 100,,-", (1'1",,,, et .1., 1998)! Non<­
[hcl"", the equo,;on, form 0 ",dimen!>ry 'I'pro""h 10 ri,k ..""~n,,n' th" is ,,")' to ",,,,duct.
M,rr", ond colk,gu''> (1999) ''Onl'lmkd thOl the 19l1t NIOSII guide iden,ified lo",_ri,~ ~~>S
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~'ell (spocifieilj-' 01'91 %) Ix" did '101 I'fediet 'he high-,i,k iWs ~ell. The 199; !l'Ilide rorr«dy
i<knlifi.,J 7j% olthe high_ri>l: jo:;Jbs Ix" did <>ol id...."ify !he low_ .nd ",,,,Ii,,m_ri,k jobs w.,11.
o.w.lt. I."h I\'IOSII guides l'fediet",I,ho." r"" ,,'SuIting in LBD "'ith ,,,ld ....lio. between
.1.1 .nd ~.6. ,\brr., .nd ,'OlIe.!>,,", (1m) ,."et! th" 'he most I,o"'erful I"di,;dual ".ri,lok ~••
,,'c"ll'" lo\\ hod momem (load in h'nd' ,nd the ho<itn<>l,1 di>l.nce beN'een the ,merio<j~·

r1.,:ed J(>J.d frmn 'h, 'pme).
,\lore """"" work Ly ,he ,\lorr., loL (Fcl){U'l<Jn et .1.. 20llS) h., ,d<kd I""'>l",,-~I,'C '0 'he

in'C'l''''uti<>n olthe ;.IIOSI t '1'I'l"OKh, 'llIe ",.."d,.,.. mc,,,,,,,IIlO\,,-,I,{;on, ol ~'o,kers"i'h
low h.ek I"'in 'nd 'll"'-moteh",1 con'Tf~,,,,d n,"OO 'h" Jihing h'om the /1, i, problem"ie
IUr ""n}' ~or"'''' In 1.."i("l1l" those w,th bod l"in. Thi' h.. implico,ion. ~ retum-'o-w,...k
f"'O!(I"1"'s for people ",i'h injure<! Lock.. Further, their d", h,,'., Mrength;:""d ,hc grow;ng
Imp",••;on th.{ she" focces nn ,he spine.", prohohly n.,,,, Imporun{ ,h.n <:<>mp ......,;,'" in
de'ennining injury ti;!;. In f...~ 7~% of 'heir high-ri'k ,..b "'e'" l"'eg'orlzOO Lo>etl on eXl'C",,'e
lumLor ,he... ""om"n .nd roIleogues {I 'iIIll} m.de ,;mibr """,,,,,,ion,.

Snook Psychophysical App~ro",a"c",h,-- _
The psych,~>hy,iC".I'I~,rooch10 selting 100<1, ur "'Ofk limi';, i. Looed 00 p""ple' l><n:el>ti",,,
.. to ~'hI., 'he}' feel i, • ,oI.....,bJe ",... k "le, The m.in critici.m of ,hi. 'l'J""'»ch i. ,hot ""'"
1"-,>pIe pe"",i,'e phpiok>gtl',lIy ",hll'tl d"mmfort 'nd not ,h~ in'"m.IIoo,~ng Oil ti<"l<~ th..
actually ..u.... do""g•. Fur ",.."ple. Dul, Dou~·"", ,,><I Sm,n (I99~) "'>de. co", thot ""u>cle
disromfort. which i, ",..hly """,.,;\d. ""r no' b" correl"....] ~'I!h ,ctu,l ti"."I00"', \\'or~e...
m.y "0' h~ mgnl'.:m' of th" ti"., I",d, "they ",.eh d,,,,.ging 1e....1. (.\lcGill, 199i). Fonhe,_
'!I<'''', K.rwow,~i .od ",II...!!,,"' (K.rwo,,-,ki .nd p""g\"""lISueg<>, 1989; K.f\I'",,',Id, 1991,
19':12) nolcd in, ",ti.. ol :It"dies ,h" ,he ll""",,1 psychoph)',;"'1 'I'f",,,,ch i, "e", <kl",nden,
on "'eh fllC,.,.... ,he iru;t"'l~ion.p",,;<I~d to ,he ..perimenul ... hjcc", ",,1 the eolor of ,he
oL;.....~ !>e11lg lihOO. to n'llle • oouple, For e=",pI", the S"""k stud,es (19ig) ,J,'isetl the wotl<­
c" '0 de'e"";",,. ~"Qr~ Me ,nd Iood '0 !>e n",,'OO ho",d "" 'he in,UU<"t;on noo. 10 beco"'...
un,loll' fotigued, The WOlke.. ",1,'Cted 'he k",d. 'h<oy pc",,,i,d no!!o h" f"iguing, Yel when
K.",,,,,,·,li ,,,,,,,'"'tl the ""1><TfIl"'n'" bu! ehl.l\gl'<l the Instru'tion '0 hh I""d< '0 thot ",Lie,:'"
"uuld "Ot bocoo"" inio,ed, ,he .ccepl.l>Ie l(>J.d. ch.nged (,hey et..>se ,,,..II.,. lo.d,j. K'f\I"""~'i

.ntl Pon~,,,.,,.,uegs>(1989), when ",.. Io..ing the effect of 'he color of 'h" box"" hcing lihe,l,
noted 'hot w",kl'" ",,,,,Id lih ""or~ when 'he ho... ,,-~,. whl'e, .. thc)-' pc"'dn'<l,he block
00>:<:, os beillg more dell... R"""", "'ork lI)' "'~. roUe.gue ,\I"dy F"'.... (onj>ublishOO) "'ggesu;
{hi., fem,les h... th"I, """"'plion of u.k_lim;,iog Io.d. ""ne on ,hoolder dl""""~,,, thl.n on
'I,m,] indi<...",,...•\ l,k<, ,m ,h~ ,,,he, h",d, I.... thei, pc"",poon on k",' I"ek li",iutJon<. Th~
ps)-cl>oph)~bl ,ppl'O",h '1'1""" '0 depcnd on "''''f f.cto" ,h., mooul"e pcrcqxio<>.

The ""tl< ofSnook (Snook, t978, Snook 'nd Ci'idh 1991) is pro/>oIJ~' (he mos, ,,'idel)' """­
ogmzcd '" ,he I")Thol'hpic.,,,... The in''''''i!!,''''''' "'P"tim,.""llymntroll,,1 ,..mblc. ",eh ..
object 'i"', heigh, of,he lih, .nd ,no"",,,",,, dist"',," in lifting ,"d pu,hing .tld pulling u,1s for
oo,h m~lI.n,1 "urnen. Tl..ycon,,,,u,,,,,1 "hl",,,o"'pillng ,he ."""puble Io.d, fOl' bo,h men .nd
wumen 0\'" , ".tie,>"of..,b. On one hl.nd thi< '1'1'"",eh inh"",n,I~' ioct"l""'"" the <!jTl''''X."
of 'he to,b, ~·hil. OI' the o'her h.tld tile co,lttm, .,i..d III the I'f.....·ioo, p"r,gr'I'" or" w"nh
<;on';dering. ;\"()O<~hel ..s. the Snoo~ 'I'I'"-,,eh re,n.in, I>oJIIII" for ilS c.,,, of imple"'en,..;"n
00,1 he..",,, i' I, one "I' ,he fc'" ",,,,,,,,,,,,,, methods fOf I""hing .nd polling u>l<,

Lumbar Motion Monitor (LMM)
s.,.·....1studl", h".., doeument",1 the linb he'w,-",n 'l'ine n""'io" .",1 the ,1"""lop"'''''' of HID,
Lu, none ,,,,,,e ,ho«>ughIJ' thm 'ho>c "f~ I.n-.••tld ",lle.gue' (199J, I99S), 11K1-' <kwl,,!,.:d
",,'=1 'ypcs of ,e~,iOl' "lOdel. th" <km,,"""'ed 'h" ,pine '''''';0'' ."d. itl I"niml,r, ,h...
,'ek";'r ol monon .n,1 the "nil'" of ,llt.noo .'" imporunt p"",liet",., of 11v"" iohs ~ilh high
rot.. of disonk",(in flll~, SOme ,,,kls "''''' CXl",,-,kd 10). Tho lo",b" tllOIion 1T,()f\,,,,, i,. th"'e­
di",en.iot"l B'",iotne,er ,Ita, "....u",s ,he three-dilT"'nsiorull .inetn.tieI ol'h" lumbo' spine (Stt
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""
figure 7.1). ,\ I......' and rolk'gIl" ,I><.>",.d ,h",he
kinem.,ic "'liahle> ohUined from ""0...:.... ,,·c.ring
the L\L\I, when <unbin«1 ","h simple ,",,,",un.­
,n""" of IiI', r",qucll<)' or motion d"'l' <yde .nd
10,,,1 ",omen' (the lo>J ""gnil",\e multipJicol hy ,It<
disuIK" to 'h& low h.ck). 1",,,;<1,, ;mp......."'" ri'k
prl"tlittion•. Using ,be [...\1,\1 On l>coj,le ",hi I. the)'
or. performing 1".,1 on_";,. talk, and no! 1,00..­
tory "'<>chf" i, ,d.n,,,,>' o..y to do, In .<lJi,ion,
'h" 1...\1,1\ "'IM"re< the i"d"idu.1 ''''OJ",, in who:ll
I"'OI'le usoe .nJ ,""'.. ,heir .pines. See ch'['Icr 5 rUT
, ,Ii"",,,;ol\ "f the meeh,n"m, of injury 'h" .n'
dep<mknt On ",ine [""'"'" and ",,><ion.

ggowatch
B>ornech.ni.c,J mo<lel, lui,.. he<:n "",,1'0 est;m"e
I""d< in the k)w h,d Ii""", and ,<kn,ifr high.risk

Fig",. 7.1 W''''ing the [umOo' """."., """,i'", '0 ;w. lOr 'l'I""-'Xin,,'c1j' ,nr<:<: decades. Some n>o<l<l.
".',,,,'" the !lwt'<--dimen""'"Iki"'-'fTldtic> of the Iurnb.,. d' . of'n<M . I ;k ,,·."'i nt.n<kd ....imrl·,ooIfOfh•• lth.nd .. fc'tV
!pi"" "HnB l"-'<1o<n..""" I 'n' ta ,. 1.,,,,,,,,,,,,1 n, pn~l<k.n 'l~mW!TU," ,,,,""ofinju.)'

ri.\; "" ,lie rI,m 110"". Other n.ooel. "'Or< d""gn«l to he more t"l"'>t in illu>tmi"ij" i"jul)'
mech.ni,m, .nd b.ing ..nsi,i,,, to ,,'o,k., ,.. ri.""". Oeci,ion." '0 "hich model to "'" hoil
d""n '0 the P"'!."" ",d n''''.''''I)' <>m,pbi,y of ,lie model.

Th. heu.r ',imlde' ".ooel, ntt<! th. '"o,nplcx' ll.ooel, "'.""" th. m.,,), .implif)'inij"
'<sIm'p,ion, tho, .ffe<:\ >C<"I't"Ol<)" .nd ,~lidil)' of 00'1'"', ,,'hi<-h in ,urn de!,"nd on ,h. 'll'" of
'1~,li<-ono".Funher, in !TUn)' "mkplac"", ,he mo,t hl".n' or ,,,-.on ugon",,,,c injury mb ho,'.
he.n .ddr."",d, .nd ""I)' the more ",htl. ri'ks re",.i". E1)!OllOfni,;t. n.«I .imple ,nodd. hut
.1,., mu>t I:>< """'.""l( "'ith ,h. mo", comrie. modd, ,h" "ill "sis< in rectif;'i"g the mo",
",hlle injul)' ri.l" .nd ...." in ,lc"..loping n""" eff<'C,i... in'."'e",i",, >tr:lt<-gies.

AI though ""'Id. hi<.,,<'Chonic..ll)'basal n.ooel. '"<>I"" in ~uic\; c>tim....of10",hick """'I'"-....
.<ion ••i,~ ,i,\; asses.",.n, !D, tllOIIt j.obs ",qui,es ,,>or< wmpl•• metric. 'nd on.l;"" '1lJ''''''ch""
In on effort 'ooptimize biofi'lelity .nd in<l.."ri.1 utility, !lol' ,",,,",,,n, M.rdy Frue', Kieh \\'dl>,
."d I dt."..k~>C<I ,h. sof,w""~bgeE,¥"",,'ch. I, utilize' ,h. 3D ,oo",.nt<<:-O"'I"'t<<l .. joint<
"hile ,,-orl.... pe'k,"" Jl) IlOO'u"" 0' to"'" fOgether "ith 'he h""h di,"e",ion of time ond
the effect nf ,eperin"n "" 'let<rmininij" ,he .. fe I",d. (It i. ""il.ble by O:>n'ocnnij" O"...nsi<le@
,,~~t c,Io".<-.). Th. I..cl.-.ge ,,"" the de.,.i 1C1l "."putofthe ,in".1 'pi",' (deotnhC1l in d",p<.T 2) "
, foond.,io" bot m.les ,,,,,rnptio,,, '" ,i'nplit}'<!m <'OU",-~iot, .,,,1,,, f.rili .... routi"c ,n.l)"si,.
In ,hi, w.y in,Ii,;<I,...1~·or~., h"h,,;,)< on,1 '1,i"" ,neeb.o"H:s"" q".ntified I-oll simplified in'"
·".....ij"c" m""-,,I.. "''I'"'''''' ,,-..n in worker< p.,furmi"l1 '"nil., .. ,b, Thi' gre.tl)· 'implifie.<
dOl' ""Ilt<:tioo ."d 1'=-'"' the be"efit< of hen., ""',""i",1 "'''''''''"",,,io,, ,,,d,,,,,,,, ,-.Iid
pr..lietion. of low bac~ I""k Furthe'moee. by inc"'po... ,ing the inil1l')" ,I", oh",i".<1 fto'"
,arnl~c"of",,,"'c.... E'K'""atch qWIfI,ifi", the n,~ ofba<.-k inl"ry ,loTlnll !Dlly ,hree·dim.n,i"n.1
,.,ks ond 1""""1"<:>, 1'11< IOonl' dime"sion i' ,im., in tI'i' "'''' 0 ,.,ri.bIe nttded w to.e into
acc<><,nt ,,,,, repetition of ,...ks 0''-.' , "u,k <hift,

\ \1'h "'" of thc ETgow"ch. the ~"nt ",.",lin". dot. 'Te entered monuoll)" OT the U>c'

",,,,i,,,,I,,...n 0"-"""'." ,n,,,,,,,,,,,i,, i"fO the "'01"0 I",",UTe "f interes,. Th. >Of"'"'r< ",«'U,es
,h. <tiff",,,h ,>so of ,ktennininll ,h. ,h,... ..lilllen,i"n.1 join, """"en" by co"'poting ,h. hi..
",gle••",1 'T.n,r"nning th.m into moment> 01."" 'he "nllop,-,Iic ..<.. of each ~,in,. In this
"~~', the I,,,b,,,, i, ",,,.obi. of <~kuJ";nij" join' loads ;" .1Il· I""'ur••n,1 fUr .n)' <....nbin.non of
lift.lo~'.r.posh, or poll to,k h .1"" inco'l"'''''C:I .Ipi,hm, ,h., "'pl"'. the ,,'cr.ge Ill""",I..
"'ron", m••"",,,l frr"" ~",l:.c" to "'1'\.'" ,h,,,,,..limc,,,,;,,nol '('i". n.>men" of force together
"i'h .trength J", f'" hoth n,.".nd W,"".IL A, w.lI, 'he "'"dd i' ..",i,;,.. w '1>1l1"I."",r. ill
thot \ig>men, .nd p.."i"e tissu" f("..,.,. .... i,,'ukd dun"ij" f"II)' fk.<<<1 ,pin,1 JIO'I""''' Th"" ,h"
"""lei n.... ,,;ru....ety p""liet. k,w h-.ld: <h... fu,«,< support,~1 h)" ,he .pine (.. cornp..",,1 ,,,
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"':>ctiol' 'h"" ft""",S of othor "."Joel,). lOl(eth"r wi!l' <UI"I~1 for",', ,h., ""ul' from ,h~
~..,l ond d", n"n)' '0<><' mu",l"" o:mtr,eting '0 'UI'P"" • p,r,;e,,!>r .." of throe-dimen,;on.1
,,,,.nen" ("'-'" ligu..... 7.1. #-h) (noting ,na, ,""oar moro often i, 'he nmble e1>"'-.... to wk'r'''''').
Whil" d'" ul'I"'" Ii",;, ~>r>10,.." If.. httn 'ul(l«"cd '0 t.... 1000 N (111110). d'" "'Iui,..I~m "a"'io"
limit'~"rcpe.t",llooding h.. ken..., " 100 N (III Ih) (,\lcGili Of .1 .. 1991l. from ti,>Ue-h.a..d
,"It" ond N"n",n '" .1 .. l?'ill, u";ng ,mlu!itml ;"jury "'1""''"1( ,bt» F;n.llr, 'hc ri..L: " .1.0 ....1_
<'<II""d fro'" :K:tu,nul>,ro load, during "-"...uti,',, ..urk ,i. "",,,p.ri..., oftb< k"d-<i",e imegr:ol'
"'i,h ep;,lemiologie dot. obt.ined from. I.rge ",,,,,,ill.nee study cond""'"d in.n .u'omol;vc
......mhlr pion' (Non"a" Cl .1., I'm). (s"" figuro 7.J, ••<I.)

Thc E'll""'..,eh '1'1'",,,,,11 "-1',,,,,,,,,,,, ""'''1'''.'';''' bet"......" ';'''1'1<: modd, ,hat.ft: "'Uj'

'" i,npl"",,,n, I:>ut.ft: not ""')' rol..... i" ,heir ris\: ...."""",,,.00 moro roo"I~"'" .pproo,h"".

••O_,oo,so'OO 50
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figu .. 1.2 Ergov.'o"h ".mpol'" lumb.l, c<><np«:<,i", \o.H! from .... olgori'hm '''''''''''''''ng ,he O"'-'f'g<: ""I"""" of the
many m"so:l"" meo"He<! f,om 'col """'kc.... 'ho' """bi"" ,,, >Uppoo1'he inli""" <;<>mbinotiom of ,h,e" low b.lck momcn,,'
ilc",ion-<,--,,,,,,.ion, 10''''''01 bend, ond ,.i.1 'wi". 6,,",,,u,,, only tm"" d."""""",. ,.n be g'opl><:<l '" one 'ime, 1.1 ""' .... ,be
",ri",,, of 1un""', comp<"'...... lrom <on""""tion. 01 a",,'on-<:>:tcos"'" 000 'wi" momcnl>. whil" fbI"""'" ,be wri.." of
compr",.ion lrom n".>ofl""'tmoion 000 1...",.1 bcod,

Euler Angles and Orthopedic Moments

E5l.mations of tl'tree-di""''''iorol j<M0I rr-oments are l\'Pically p<'fformed usiO}; IhrreortOOgoo.i ..... (XVII. 6ut
as a ilCl'SOl'l "'"-"~. the OIlhope(lic J><es 01 the joints llor ex;Jmrte. in ,he lumoo' spine. J.iS 1-l1c.i",,-ex'~"'si(lf1,

a.i, 2-1",......1t>end, •• i, )-<lxiallWi,tj ill", '""'" '" rh;tt tl>cy 00 long..... align with the ir>cttial XVI a'e>. The
di!f""",cc Octw,,,,n the orthopedic i<lim .x,...nd ,he XVZ a"" is de9;:riOC>d with Eulc< "O};k". The onhop.-'dic
momt'OlS arc lhen OOIaiocd from the E·.....-e!(lt app'ooch descfibl'd i-'l' G"-'OII and Suntay (I %3). This in><Jlvc"
I.king lhe u<-.;.. p<ndllCt of the long axi5 (Ihe primary ..ii, "",.lIy Iwi5l) of two adjacent ~0I5 If) Ioml the
second.ry axi5 (uswlly fle'km-exte"'ionl. The C"",-prodllCt of the primary.nd secondary a,... forms the E­
VCCt(lt, which in ttrrn lx"Comcs the [hird pOI orthop....-lic •• is lusually l<'1CI'al bend!. """"""nts compuoc..-:l about
a><es XYl ,an now be trano;kNmed iOlo joinf'>re<:iiic orthopedic a..... Thi51e<;hniqve e"'Ufe'! thal tile joinl ax",
coo...."'ion ">lay w,th the joiOl" as tile I"-""'" """'" wirhin the i"'-'"iai coordinate 5y5lem.
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Low _ pain reponing incIu
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0,13

i~l""'5__ .., o. '" 0.• '" '. ,
f~u,.., '.l Ergow.ltch compules the j<>in'-<peciflC. ,h,ee--dirn«><ion.ll a<thop<dic """"""IS., e.rn joint .00 """ ••",.",.1
""-,,,kilO c.lrul"e ,i<l<, Fe>< e..mplc, <he low bold< ri>l inclco:les comp.-es>ion aM shedr lo.>d thr~'Shold v.l"", .Iong with
accumulated I""'" during "-'P"'''''''' work by comp.l,ing ,he Io.od-timc inwgral. wIth cpidem,okoglC da'a obIaincod from.
la'ge >Urv",llaoce <ludy. Two examples .,e .hown: I.. b) a ,e.xhing lin .00 Ie. d! .n OVC'fl>ead a.<embly l.1.k.

t:rg"~·,{eh i, "ill r.btie-ely eo'y 10 U"'• • n,1 it 1"''';'1.,. <I""e ,legTCC of ..n,iti,;{y 10 the ~'.y

mw"';du.1 wor"'->r> plTIon" ",_nplcx ..,b. It u,,", ",.ny ri:J.: i"dex,,, to qnm,ifjt ,he ,ul»<.~u.n'

risk fro", , '1><:<.1f", tI,. perron""d ",'cr, ~-ork shift.

Biological Signal-Driven Model Al!Proaches
Th. fin,I'I,~h tOr ri"" "'",,,"'.'" i, (o ",..,ure hiok>g;c.loigll,l, rm", ...h <Ilbie<' in.n
'!temp< u":'j""'" tho i",lie'~!u,j U)" peopl. perfom, ,heir joh,; 10,1 the" u'" ""!'hi<l;'1t".! ,""_
,oo,i",l. lJiun,,,,·h.,,iCIIl. md ]\hj-siol~l rd"i<""hips to .<sign fo...-es to the v";ou, tis""".

The Marras Model and the McGill Model
The ,\t , moJeI (,\1or..., ,nd Soomn<rich, I 'I'! I•. 1991 b) m".,ure, "l"""ron'jug...m, (K\ IG,)
fmm ",,,, 1rnu>c1c< ond. ".mg mo~n phj~iologi..,1 rcb,i<,nJ"p'. ''''gIl' ~"cr> '0 ,he ",,,..I,,,
durillg '-;rtu.llj- my ioJu",ri,) ,,,Ie As rIOted ."Iier. ,hi, 'I",,,,.ch ""'c,led l"""cTful .,·,d.1I<."
linking ,h" ph;-sic.1 J"m,nd, of 'pe<:if", OO:UI",i"".1 t."k, ~'i{h (he incidence of l.1l1l.

1". ,\ kGili "Hid (,lleGi)!. 1992; .\k~ill .nd Nono.n. 1911~) u""" ,he ,:uo. I'hik"'-'I'hicol
'l'I,n",,'h to ."il(l1 foIT" '" ,be "'n"'ks 1Ju, ,neHlp'" '0 indr><lc the hill""'" b'd of .n""mi­
e,l .""",,"'}' I"",il:>l", (l"i, mo<kl "-,, inu"J"".J in "h'p<er 1.) For '''''''rei'', i, .1", me"" ....
,hn:e..lim"",io",,1 <pine cw",To", ,,, .""" ~'l'CC" '0 ,he e':lri,,,,, I""i,-. ti"uc<, induding ,h.
in""c.rteh,,1 di>e> ond ,h. ,.rio... Irjf",,,,nt>, By ,,,igning forttS u, 1I1u><l"" ond p..."" ,i",,",
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throogboutt..... f,,11 r.ng" of "Pi"" motion, it up''',",,' th" different "")~ fICOple Il<:rfunn t .....ir
johs .nd ."en how th.y ch.nge "ilh rC'l"',ili"". oS the ""1<: it"'· The 01";0,,, h.l>ili!}' of tn.:
'1~>nlXh " it> .,,,,,,no,,, CU"I""""",.I "-"lui","'on". I""tpn>c.~";ngof d"., and d,fl1tulty of
eoIlecting such ,-oonl,rdle'\>"'c d... rro.n • "ide "",,,her of work.", i" tI'e fidd,

'I". q",,"ion oS ,he nlidil)'of ,hi, IJ-'l'" ofmodel m""be ><~1...".".j .long with oth.r mod"l,
l..sc,1 on ,h. hi,Jo"",al .ppn..ch, Somc h,," orgut~1 ,h., """" ,he\< n""loI, ctmUm lno"n
t....."ceh'nkol .nd phy,ioIogical ",I"ion.hip" thej-' rontoi" ••"n.in an"",,,tofeomcnt ,.. ~dilJ-"
M"""",,,r, Ixoh ,he ;\1 ....... modeb"d ,he ,\ IcGill model h,v.~n quite """"",ful i" estimating
the ,..riou,pa"i,,, ,i""", .nd m",e1e fo",,,, ,n.t ,wn t<>gether 10 protl""" lI"xm ond ert.n';()It,
la«.,-.I!>end, .nd ""I '''''''''8' "101'''''''', (Th..... ,,""',em, h,,'c been "'dll>mlit1t:d, ,,'ith ,he
<:XCCl"'ion of the I,,'isting ,,,,,,nent,) In ''''''''''1)'' ift"'i"ing i, no' • domin."t ,"om.nt of IWce
on • particulor jolt th..... m..ld, appe" to be predicting acc"rate ,Io,trih"t;"n. nf forces "00II8'
,he ,nPl"'" tissues,

EMG-Assisted Optimization
rom'I'" ,he mrrcn! pinnacle of model c"Jntion i•• hrbrid ",,>deling a\~,m.eh kn<""" .. E.\IG~
."i"..-d o"ti,,,i,,,tion (d",,,~)pc<lloj'Chole,.-ieki ,"d ,\ kGill, 1m) ,,'i,h <Ubilit), .n.lr";, ."d
ti''''e Iood prt:di<tion (ChoI""'id-i .nd .\\cGill, 1'1%), Thi, 'rr,......h ••ploit. ,h. "'''' of ,h.
b"A"Sical K\ IG 'rr",..h to distribu,c ~,.d. an",ng,he Ii"u,.. h.,,-~I 0" ,he hx,k>git..l b"h";",,
of ,he 'ubi«t, ltlhen use< ,-,!>tJ,ni»tion to r,,,<,-tune the .. thh,tionofjoillttOfqucs ,bou, ......r.1
k",' h.ck joints, Th. opo.imi,."i()lt ..~... th. "bioIogie.lIy" predicted fon:e, .nd .dju,t; m"""le
~""." the minim.! ..,,,,u,,tl""'ilole to ",i'I)' the ,h,,,,,..ln,,e,,,,,,,,,,1 """"en' .,,,,, at """I)' ~.nt

,w.r the l.n81h of the I"mbar '1"ne, A,"'" the thrt'<O-dimen.iu\01 """"CI'" n..,'e been ""I""'d
.nd ,issu. fu.-ce, de'enninc<l, .n .n.lr;i. of spine ...,bili,y i. perfonned ,i, rotllpa,;""" of tn.:
it,.,"", of work iml"-"'-~I ,m the 'p,ne th"",gh perntm.n,m oith the joule. of 1">I.n,;"1 en"rg)'
=Sl1"g i" ,he "iffened c"luonn,

T"i, mos, ~ig~I~' .,'Okc<l of spin. mod.1s 1"'O,'id... the hiomcch,ni" or ...-gonomiSl ,,'ith
msight into injury mech.ni"", ,,"u\<,1 by i""tal.>ilol)' (os wit"• ...,1 hy CIK~.wid:i ond McGill,
19'12) _h .. "'-TIll"> duting p.:l<ing up a 'ttl iigh' 100,1 from ,he l1oor. E<t'll though I",;'nts
h,,'. reportc<ll:tocl: inju'y from incidents 'ue~ " !>ending "".r to ti•• ,I>oc, pre"",u' modding
'rr",,.h,,, were ",n,iti,·. onlr'n tiss"" ,I,m.ge ,nd injury secn.ri"" pro<luccd from large lout,
",d n.""ents, N",,' a hiUl1,«,n.ninl ",plon.lion i, ....il.ble to apl.in the ,uwqnen' ti.",c
dam'g<:, .nd. ,,,,,!hod i, .,-.il.bl< tod..c<t th. ",I; ofi" h'I'I>cning, AJrnough the ro,uin" u",of
lhi, l)'l'" of sophi<ti<;atc<l """ItI bj' "'IIOl\ol1\i", i, nO! fe.,i",., i, i, u",ful (fOl' ,r.ine,l ",i.n,i..,)
~".ml)'Zing,n<~vidu.1wone....nd iden,il);ng ,ho« who a", " ob..wl"s1: of injnl)' h,-.:-.use
of f.ulty 1"'""",,,1 mowr I"'lten,~

Simple or Complex Models?
In "'l11mary, ,he ",.nple,",,>del. pnn"lc • u". '0 i",·."igot" ,he m."h.ni,on. of injury one! ,he
err..." of ttthniquc during n",..ri.1 h.ndling on ,he n,l of "';U'}', The "',"" .""'ple••nd mo••
highly ",,,1'00 model, p",,'id. in,ight as to how' iniu'y oceul'S "'ith .11 t)l"" ofhe,,'y .nd hght
100,1,. On the <>lher h,n,l, the .impler model" while sacrificing .oc.""')-,, con he. I",,,..,ful 1<1,,1
fur ",u,i"" ",,,,,ilI.lI<'C "f l,hy."..1&",.nds in the workplace but ",,,u be wi",ly interprctt'tl ill
....ch ""... fur th.ir limi",ion. ,nd COl,,,,,,i,,,,, lliom"d,,,i,,, ..><1 e<go"",,,i,,, ""lui", the full
ron,inuwn of "'I"'i"icot;"n in n>Odcls. 'Inc choicc of which one ,n u'"' <I"pend. 0" the issu"
'" 'l""SlX"',

The Challenge Before Us
In thi,e~.p<.r I h",. ".m",.ri,,,.j ond critiqu,'<l ",,'Cr.1 'PJl"t"e~", for th.ir .""" ..><1 h,hili,",",
'Ilte elK."" of .he ""'" 'Pl,,,,,,.-i.,.tool ,1epen," nn the <"'jecti,,, at h.nd. \·et m",y e'll'''''''
mi." ond ",dn"ri,1 "ngin«" !>eli,,,,, thot "unin,,1 ti.SIl. loading i.!>e" fur.1I """, ",,,ti,..,­
ing th.m to din:a their in",,,·,,nt",". ,,,,,.. rd ",aling.1I job< ...i"r, Thi, ooncept i, f,nlt~"
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lliokV.1 ,i"ut" require rel""'ffl k.lJI,,1l' inJ ,tres, '0 I.e he.I,h)', \ 'n".Il)' ill risk ."".."nent
,001, e..n,IJ~,onl)' the risk of too 01""1. ~",l. Risk ',,~ssm"n' '001, 'h.o, ,,,,,"}' ,no li,tJ. k.lJ.
mil' I'D.- or<in,,1 heolth ore j"'t ...ning '0 cmtorg~. The ch.llenge i' u> (lc'W~1>' w,,,,, ""t bre.k
"""-'goy to r",ili ..,,, ".,<im.l <issu< .d.I"'t.ion, ,\ lor~ robust isscs,n>ent ,001, ~'ill be <I<s'c1"ped
in ,he 1\""", l",.d on the fll(t.\l he.lth)' oomhin"ion of "·o,k.nJ ...,.,. Tni, "ill he oebie,..J
,1m",gh fi rn .n "",Ie""'",h "Il'of ,he b,ol1lt'Ch",icol. phr'...>I<~J, .",1 p>}"ho~~ 11""'IIcten
of inju'J' ,"d hum.n 1"-1'fon'''''''' .nd then 'h'",l(btful • .,pI.... 'i"" or ,hi, wi'dom,
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CHAPTER 8

Reducing the Risk
of Low Back Injury

A,I h.n <uggc>tc~1 in I'r<~;'... , ch'I~C"'" mony of the eb~,ic in>,ruc~~"" fr<~1\ ·""pen'
.bout liftinll' (fur eumpk, IJend ,he ..,.." .nd "'" ,he wd} ..... in ,"'-", c• ..,. 1IO""nsc.

In foCI, "c')· rc~' occup"iOll.lli~ing..S&:, C1n he pcrfo)t'ln",] ,hi, "'.y. The re,ulting ' ...god;· i.
that dinici.n, u, o,h'T "'-peru k"" credibolity in ,he cy'" or ,he ,mrker, ,he "m"'r In,,,,,~ ,he
t"m"'" do her ~'" tl,,, w"'. She lift< objen, f""" the 1Ioor. 0'" of]>llrtS bin<, '»'e< c,bles, .nd
'" funh, The science sho,,~ th1t ''Iuminl! C1n h"",.n iflCl'"e.",,] ph;~ioIogiC;lI res, .nd ,h...
depending on the eh".ereri"ie, of ,he )<>,,1, i, m.,. no' enn ,colu"" 1<>.,1,_ S'Iuat,ing i, no'
.Iw.,', the he<, choke of po>i,ion: i, Jcl",nd, on ,he ,pecific'S of ,he toS' (,ize, ""gh" .nd
den,i,y of ,hc ohiect: pick .nd pl.c. Io<:"io<>: nu",l:>er of repdi,ion,. etc,). For •••mple.
the golfer', lift (sc'e figure R~ b'er in ,hi, ch.pIer) nuy he I",,",..hle for ....I""ing .pne ku,!s
ro I:>emLng the .,,"'-"' .nd '«'ping ,he wek ",..igh' fo.- SOInCOl" repe.tt-JJ" lifting llgh' objec",
fro", ,he floor.

Re<locing I"in .net impr,,,'ing function fo.. p"ien.. ,,'i,h I,,,,,·j...' I"in inmke ",,'0 compo­
nen.. :

R'''IO,ing ,he >lr<:»or> ,h" crto4le or ",...ro.'e <bln.go

Enh.neing oai,itic:s ,h.. buil,] he.l,hy 'ul'f!O"i"e ,i""co

Thi, ch.plCc .ddres:s.es ,he is",e of I",,.'en,ion. 'pc<"ifiCllly, .-.:dueing ,he o.·...lo,ding
"re ,lu, '"'u.. OCCOl"',imul Jo..' b... ,Ii..,.-,I.,., (LllJ),). After ",,;C>\'ing I...."', from ,It.,
li' 'un: .nd I".,,,,,';ng ,h. "-'icn,iftc i>So"" I "ill P1'o<;<!< ,,,'" ..",ofguideline..: one for work-
.....nd .noth" for m.n.gC1ne,", Fin.l)y. I "'ill off". fe'" ""'-c.. '0 enh.oc< ,he eff«:li,'c","" of
""nsul,.n,,_ Th. Ii", pm>-i,led in thi, elupl.r will resul, in mo'" .uee,,,,ful injury pre...n,ion
progn"n'. The 1",,,,i';,,ne1' or c''''<Wt:1n' who C1"I~o;-; Wen' WIll , ..",Iou' from hi, or her
pttrs.

Upon ",""ploti"" of thi, elupter. p'" will It., .bk ,n formLl],',' scientific.lI,. h.....,] gtli,lelin",
cff'1"li'-e f()(" .nr ,cti."y th" rcJUH the,-; ..... of 0"""1",,,,,,,,,110,,, wel ,,,,,,hies. Fulther, ~'OU

"ill he .~,.t"<: of.•nd.., "ill he .bI. '0 .",id. 'k pi,f.lI, w>t c.usc ergonomic '!'1)O);:lchcs '0
foil. Fin,lIy, ;"" ~-illl:>e. more eff«:li"e """",,It.nt by h.rne,sing ,he ...1 exp<lti'e-,h., of
the ""ric....

Lessons From the Literature
\Vh;' Joe, indu"'}' cor••000, the NCks of "'()iI"ke..? Com!""i,i,.. """ in ,he new eronomy
""lw.... b.ing p",fi..!~e, .",1 fo.. m.n~· tit., only w'r '0 enn.nce profit i. to mnin",.. I",.
mntrul. A "";or "->Uf(e of!os«s '0 I'o<th Amerit"" i"dust'}' i, »"Tier iniuTJ, ,,'hK'h ","ullS m
di""" CO"" for c"-""pcn,,,io1' .n,] indirect cos" of hi,-;ng .nd ,,..ining repl.cemen, ~wl.rs ..
~-dl ......I....,et pro<locti,;,y due 'n In..er 'I"--ed .n,1 il>CTC...,1 eITot._ For ,hi• ....,,"'. p""'en,ing
injurJ ",d pror1\oting the "Ilid ",turn '0 "wk of in,on.,] ..or .... h"." bccor"•• ''''~J< foe,,,
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f<.>r i",lust'T' I!<c>LIS< ""d iniury",!""",n" on cnorTllQU' "",' in m,h ....1,~)Il"••ml suff"ring.
,ullp-.onid "':: r",-liring ,he b<:ner,lSofsuI>p<>ni nil' inju'T J>I'-","cnrion md IT!ubili "",;0" 1""10""''''.
Follov.'ing ,re • numb<:r of ".,dies ,h" h.,-e oddres><:J ,II< i,,,,es ,h" mu>l b<: enmin"d if such
pros"m, >Te ,,, he ""-"CO-"J,,I

Compensation Board Statistics-An Artifact?
\l'hen """pleting iniury report form,. dinici>n•• ..., nften r<~I"""",1 '0 "Il;Imc ,he ""en'" ,h"
...u«~1 ,he "injn,}'." Thi, ,nform"ion form' the >I.ri,ri",1 ""'" for ,,,mpc,,,,,,rion hwrds, ... h",h
"""'I»k: ,n- "'I"'''' imo "inju!)' m<ch.ni"n,"-fur '''''''Ilk ,h. injur<d ""Ofl.. "lifted ."d
,...i"c~l." Whil" th"", ""',,nlS m.y h..·" heen ,he "c"lmin.,ing ",,~nt: 'hey ..."'"C "'~ the ,,"use
"f ,he cUlnul..;,,,, '",urn. th........ p....",-,m, .Ih.ing ,h" inlurio," ",-.on' ",,"-"'lIT, Addr<"';ng ,hc
"culminating ""<1"" ",1... ,h.n 11", .~u'" of ,h" cu"'u!>,iI'c ""um' '''.y h..,. 1i"lc dTi....)'.

Ergonomic Studies
If Lon, arc ",ooci"ed ,,'i,h In.Jing, ,lI<n "h."gc< i" l"aJi"g >houIJ "h.nge inju." a"d .b••n­
,,,,,i,,,, "'e,. Bu, -,url'ri.singl}-. ,he Ii,,, ..,,,..., ,Ioeo noI pro,'ic!" d""r !",i<l.""" I<>r r"""hing ,hi,
(~1J<rti'''': it ""cd, """'l,,..,,,,i,,n. The ...,lIti"".1 C'Tll")",n", .pp",,,,,h i, ,,, ",uhli,h • "rit"",m
,hn, if 'Wlied in ,ho ~>b des;gn, "ould le.d to a reduction in iocid"""" r"e. In a "',';e,," in
19'16, f ..nl.nd roIle.gucs 'ugges,ed ,h."nndifi",1 "."..k ,,'i,h lo..."r <k:nund, c.n I:>e Sl,,,,..,f,,1
'" reducing ,he numher "f "'Iori", ho' ,Iu, ",hc'T ehmg<-" ,uch .. mgani ...,.",.) I",,,,m"'ers
",lKIe i, d,ffi<'ult '0 conclude ,h.. ph~-si",1 d",,,a,,d ,'h.nS'-"> ",-"-uu,,ted for o"y reponed Mf.'T­
ene",. This i, bee.u'" •."." fe" ,ood;", hOI'" <imM' .hered jnl> dem."ds. h,nhemlOre. \\'inlel
",<1 \\h'goml (19%) ",~ed ,h" ,h" implemenuti"n of crg"""''''''' c.n I..d ,,, ,,'Iu, ,h,,~'

...lIed 'n e'll"'KJ<nic pi,f.lI, Th.. is, ,lle "".... e'!l'-"lOnli,' UI",,'ioU'"1'SS C.U"" "'.ny "'Ofl"rs '0
"'port COllC<.'Tll' th" ,hey did noI llf't.~'i""sly",.Ii,,,, "'eCO' """it of their lol) situ.,;"".. Thu..
m."y nt',.-Ir implemenred "'!l"",."ic in''''''en,ion prt>grom, h.,.. ",,,,I,ed in • 'cmp''''''' rise
,n ,"usculoskckt:al wsottkrs. 11n' eire" 'PPC'" to Iu,'c confound<,l >nJ' ,tudj- oferS'm'Kni"
efflC""~' of insufficien, du ..,inn, The ""mber ofgood in"""i""'lon, docu",,",ing the .tree'lS of
lol' """'go,...- ,he imple",en,.tion of "'ll"lKxnie p.-i""iple.. i, .1,,, ~,.... hc"'u", Sl,ch ".'SC.,..,b
" "''1)' "m,,.,:""'uming .nd d,fficul, rtl l",rfonn OI1-.i",

""on,,,holes.. ,"",,,.. I nitt >ludies qu.lify b).' documen,ing (111)' ,"" err"", of or!!,,"omic job
...,,!esign. F...- ">:::Impk, in > report on >",ri.. of stu<1ie1; on woo-ling ....omen in "'0<"")" A... ,
(1994) noted • ,,,Uc,:~,,.Ij-' d..:um"nrc" ".,jucti<m in sl"k I""" du" '0 musculoslelrt.1 trouhle."
from job ,miS" ('l><:cif","II~',(""" U% to 3.1 %) ,nd • redu",ion in e",ployee ,umo,..r fnJln
3(U%toH%.

Rehab and Prevention Studies
1.<.,<:1 ."d C1~I".gne'(19'17) conduc,,,,I. "''1)' m''''''Sling .nd iml~"..nt .....d~· in "'h,,,h ,hey
usc<l. ""d"mi>cd oontrol ,rial design ",I,h lOur g""'p'- 0". group of l""l~c ,,'i,h b.d injuri""
""",i,'"I"dinic.l" in,",,·.n''''n consisting of. ,i,i, 10. h""k pain ,peciali". I,,><;k school, and
fu"",~",.l ",h.I»li"",Ul ''''' ..py, A",~h", group r<'Cei,-"d m <1<'CU1"rimul """"",,,ti,,n co"sist_
ing of • ,i,,, to on Ot<:-up"ion,1 ph~~ic,.n ."d ,I"", at, ""ll""""'" ro .m,,,, .. rrgtKlOmi" ",Iu­
,~"',. A ,hinl !l"OOp, th" -full in'en..,n,io" g"",p: recei-.-"d ""'h of ,hese 'I'l""""'-'hes. .nd ,he
wunh group recoil'",1 "u,...1",re" Th" group n.'c";,ing full in,,,,,,,,,,,io,, ""or"," '0 '''gnbr
""rll,4 I Um" f.stct ,ll", 'hc u,,,,,I-o,,, !l"OOp, .I,hough the ,pecif", df,,,, ofOt't.'tJI",ion.1
in'er,..n,;"n (ergo"",ni",) .""",n'ed for ,,'" brge" proportion of ,hi, """I, ,,'I,h. ',n" ..,in
of return to "-'go],r "'Ork "f I.Yl,

n.os., I",};ng for iniu!)' (!!""em"",,,' >ll"'nti"" .nd ....."I"-"..tin<' ),o.onls ",d tho ,n"''''''''e
in<lu"l)') could .,,.,,,,,.bly argoe from thi, ",itlcnc< ,h." '0 redue. ""'s, <ore I<>r ,he injured
Mcl ,hotlld he "",>0\·,,1 fro", m",h",l Iuml, (t1nee ,he me<li", h"'e ruled t1U' "...,,111.g" ''In,li_
,ion, 'uch .. ttln""") .nd l(il'Cn 't1 "rgon'lfJ"'''! Tonf/Uc-in-..:hcck OS thi, ."'tTn",,' m.,· he, il>
poin' i, """'h}' of tlc<p eoo,id."tion, Hopefully, ,he I.st S<Ction of ,hi, book "'ill 1"".,1t1c du'"
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fO, more efft<...cioo, ",edi,..1 i"..,-..o",I"". Kr.u>e. D"i"l(t.1".•"d Neuh'u>e' (1m) '''''.,,'od
,he lit.",ure "" the roI. of ",,>dille,1 "ur. in ,he re"orn '0 "or. ,nd ,,,,.d ,s high '1".lity ,It<
L.""I ,tuJ~" " ,..<11 ., ,he ""die, of D.I,I,..I". Joh".. ,n, ,00 o"tler (1996). Tb.. I,ttcr ",,-ie,..
''OIlCludcJ ,h., modified "urk (inmkh,g ,he modifi,..tion of mU""ulo<kokt.IIo,di"gj i, elk<­
Ii,'. in f",ililOting ,h. 'er"m to "n,k ofdi""bkd "'or'.",

In addition to ,,,,r!:pLace de,,1>" ""~lificnjon,, "nrl;I~>ce in'en-.nu'>rI> m,y b.n.fit fn.n
.dJte""'K ,hc 1><"on,1 mo ·m.m " ...tw, of c.th "·",h,, In. f.scinnlng _dy Snook .nd
roIl ..gue< (I 'Nll) Jet"""" d th" of ~5 ""tien" "ndomly .Migned '0 , group ,h", oon·
tn~I,,1 the .",,>Un' of e",I~""K>mi"gI"mh.r flaK"" the ""I"'rimenol gm"p ho,I, signific.nt
r.d"",~," in I",in inten'''J' ,omporeJ h,. ",,,,,,,I group. \\'hen thc ,""ttul !!"""l' """,i,-.J the
"'l"'ri",.",,1 t,.,,,n.nt. tl'>C)' ""llOndctl ,,'ith si",il.. red"",ion.. Thi, i'j'" ''''Kher e"""rd.
of 1><,,,, 1"'.-.0".1 'l'ine ""Ki"" I"'"ern, ",d l",dinK posture 0'" inRue~whuhe, the I"'rson
",iI1IK'-"OI'" iniur<xl, 'n,., ncrt ....,,"'n b1.nd, n"ti"n' of I'll. d,-;iK" ,,;th p.""".1 m"",,"ent
""'egi"" '0 r-.Juce Io,ding ,nd the ri,k of LRD,

Studies on the Connection Between Fitness
and Injury Disability
It is frui,ful to d,,,,,,,, brieRy the toleoffiuK'<S m ,he link btt..-e"" injul}-' ",d di""h,1<'J" Allhough
",,'.,,1 "udies h,," ,00.,.." Ii"",, bet"'.... " ",rioo, fi",... f"'-tors ",d ,he incidtll«' of LOI) (e,g"
Suni et .1.. II"JlI, ",'110 ,,,,,,,"'ed ,lu, higher VO,m,,-, "",res ...ere 1i"k«1 '0 LllI),j. ,he.. """"_
"-'-1K,,,,I«ud,,,,, c.""'" Illfcr em"''',.,.

Pr<::Jbably ,he '''''''' "i,kIJ' ci,f<lI'-"'l(itudi,..1"ud~' " ..."'l>Olted by Cod) .,ld roll<.gues (1979),
u·ho .........<1 the lim"", of I.". Angclet; fireligh,.... ,nd ..-.red ,h't ,hose who ...·ere ,..ted "more
fi," h,,1 fe ...·.,. ,"1""'1"'-"" b>ck i"luncS. Ilow,w" whot " no' widell' quoted hy tho><: <"ing <h"
"udJ' i, thOl "'hen the mort: Ii, did betu»c injur-.J, ,he iojury " .. , 0110'< .." ..re, Pem'l'" ,h< more
fi, ...·ert: ",',Iling 10""I"'~ highe' physicollood., s.,...,..l h"'e .uggest...1,hOI • !,"j"Choiogic,1
profile" .."",i..,,1 wi,h heing fj, (e,g., F.""", et ,I" l'l8K Ilught.., 1?8-t: Roo> .l1d Ilor""
19118; \""ng, 1979) ."d th" ,he unfi, m.y "",,,pl,l" more .bou, the ",orc minor ••he., AIO!,!!
,ho:st line,. ""',. "hkt.. h".. ,\emon"med ,h••b'Ii,y '0 oom[>ele despite inj"ry, H"men ."d
",Ut,gu<'S (I '1%) rc!~>1t,,1 mel,,, I~)wlenwuh 1"''' fr-.ctu",....·ho .....rc "ill .hl" '" "."1"'1<. Is
,hi. due <0 ,h.i, supreme fi""-,,, ."d ,hil;,y to athi.H .pili<: ",hili,)' 0' ,heir IT",m.1 Il,ugh"""?
I'erh.!'" it is oo,h, Th. i"ue ",,,,,in, "nresolH'!.

II i, .bo i"'e"",ing '0 "'Mt ,h.. 1"'""".1 fi,,,,,,, bern.-. 'PI"''' '0 r1'~' ,0011e role III lim·rime
""""m."l\'''. Di.ri"g-Sorcn..n (1984) .."cd +19 m." ",<I ·4;9 w",,,rn fo', ,..ricty of ph)..'",1
th,,,"'.ri,tic> ,nd .hov...d ,h" ,host" i,h Io'll"'" '''lOtI"" of srOne nlohili,y ,nd Iou'er ."e"''''
mu.«le en,lur.1I«' (indtl"'"den' foe',,") h,,1 .n i"",e.""l oc<urrence of ,,,bsc<j,,,,,,, Ii",.ri",e
botk 'rouhl... LuutO .nd tvll"B'-'''' (19'15) ",'''''ed ."nil.r ",nd"'KJn.. It would '1'1"''' ,h..
111"",1< .nd""OCt:, .nd no< '''th'''flOl''.uit ... ri,blt.. i, protetti.·•.

Beyond Ergonomics: Is It Time to "Modify" the Worker?
£'gm~"",,,, i. olte" de<criht~1.. "fi"ing ,he to,. It> ,he I"""'''. "There.u m."y "ffiC>t), .tud·
ic> rK'''' sl,o,,;ng ,hot .'gono",it job "h.ng. i••lfecr,,·c '0 ,·"iou, degre<S, but ,'''' ...If..."i,.
OS migh, be ,hough,. Fo, .","'pk.• ,tod~' of "'.eh,ni,,,,,llif!ing ,id. in. I",i-e", core f,cili,y
,howed ,lu, the orgonomic .id, ,eductd phpoc..1 dt",md, .nd <I«Te,,,,,,1 stoff f"igue, yel
inJu'y r"., ,,,,,ain<:J u""h.nJ!<d (y,,,1 <I .1" ZOO]). Wbil. , ...Ini,,!! of ,h. "'orkt:r I... been
,ho...", '0 h" """""''Y wi,h .·i'IU.II~· .nr l,h)'si",1 e'1l"nomic in,e",..,"o" (.,g" ",n ,Ie, Molen
er .1., 20(5), ,he "''''y the ",,,,kor m",.". .100 'ppe.... It, he highl~' i"'I~><..nt. R«lucing "'lOry
"·,,h e'W-'!KJ"' .., .l~,,,,,,.hc" 'ppc,... ttl h,,'. "'"'" ell",,,,<)", b", '")' funhcr .d,.."""" ,,;11 p'ob­
.b1~' ''''lui,.,. "th,n!!ing the I"'<:son 10 fi, ,he ",.: G,goon (ZOOJ) obsc"'ed """1"'''' lifters ."d
",....Iu<led th" ,heir lifti"g "r"'egi.. ",<I 1"'""",ll><Ko/ mov<J1le"" 1,,1 'f> ,htir h.,lth '''''''''',.
Ou, ",or\; fUr ,h< p'" ><-w...lj'e,,, hos ro,werged on the notion th" 'he ....y ,h. ,",cnion"
I"'rfom>eJ detem,ines,he ri,l, Oorqu,n,ir,,,,tion of ,,,.,,i.I.,,, 'os"" ",'.ighdjfting, ,trong",.n
''''''I''',i,;''n" ,",1 so 0" pm'.-<" ,lu, 'echniq"e de'e"",,,,,, ,he ri<l: in ,'ery oh,lle"gi"g phys;',1
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LBO Prevention for Workers
Thi•••"-tic,,, addre...... a Ii" of is<oc' tho, .....:icnrilieolJr In <tili,b) e to ",d",-"
,he ri'l ofO<'Cupo,io>1,i LBlk

'''b. -The n"" """'ion of 'hi' eh,p'« ,,,,,,,,por,,ts 'hese 'lOtiool< ~i<h,,, 'he
con,e" of ""hlcing the ri,l of h.cl inju'y_

Should Workers Avoid End Range
of Spine Motion During Exertion?
e.;""...lIj·, lbe ."".'.r to "h",ber .",.1 ra"go of ,,,,,,i,,,, ........1.1 be ",-",lod i.
yes-fo,. ",,--eral "'>So,,,..\I>i"",i"i"g a mo... n"umll)' lonlonc ,pi"" ",ill
,n";",,,,: sh.ar "'!'lIOn. el1SUl'< a lugh rob.",," of the jom' to ,,"h''''nd
"",nI"05,i," fo""". e1i",in.,. ,he ri,k of lig''''en,,,,,. d'l)).g, ,i""" ,h.
lig.m"n" ,..main un.... i"",~ elimin... ,he ri~ of ,Ii", hem..,i"" .i""" (hi,
""""·i,,.d ""h. fully tl.,cJ ,pin", .nd 4U.I".",,,I)' cmnl". the .pi""
[Xl"'ur05 ,h., OIl,,,pie lif'..... ,dol" '0 .,,,id i"iury (..., fil!'Ul'<' 8.1 .•-10. for
.n illu....tion of. Il..ed md. ne",..l,pi",,). Unfomm.,cly, ,hi, i,,"e h"

" bc<.",ne runfu><-..J "'i'h i"u"" 'och a. "hether it i. hetter to "'X~,0,. "lu".
Another S<Ju!"(e of"""fu,;"" h.. ",,,I,,,:d frum <he CO,""IUI' "",,,,,,,,,,,,,,,1>­
lion to I"'rforrn , pel,';c ,ii, "'hen lifting; thc ",ienuf", h.se f"<lhi, clinic.lly
IX~"d" ",x~", .. ",,,,<Xi,,,-,,,,' p.m>rminga 1"'1'i<: lil' i"'-Te''''' ti<."" ""''''''
",d <he ri.k of injn')'!

Wh...pine .n,1 hil> ['OS,,,re he;t minimi,." thc ri,k "f iniury? We ,I"
k""", ,h., ,-aJ f.", lifting u,h in ind"..ry e.n be ",-""ml'li,h.dl>j· be"dmg
'he 1m"... ""d "'x the ""ek. Funhenoore. mO<' ""rke,.. r.roIJ· .dhere to ,hi,
,,,,,hni4U< " ...." r'I"',it;,.. li!i••", ""luiretl--o f.lct ,h., i, 4"i,e rrol>.hlj·
due ", the inc,.",,,,d I'hl,~,k'g",.l """ of"l""ring 'unl"",,1 ",i'h .toopmg
(Ga'l(ond1 I.nin. 1979). Il",,·cw,. ,,,,,,eon be ",.de fur pro.,,,,;ng "...",1
I"mt..r <pi"" cu""lure during li!ii"g (spe<ifieolly. ",-"di"g end ... nge jj",il'
of >pi"" motion al.>lJt onyof ,... 'hree n,..)_ Thi. i.. ,Iiffi,,..,,,, eon"""t from
trunl ongIe, .. the 1""""e ofthe lum"",. 'p;ne ,,,n be m'llI..in,\! inJq..",I<n,
of ,high 'nd """l .ngte>_

The li", ...ru,e c< ",,,,fu,,,,1 "''''-een 'runk ongle 0' inclin,lion 'nd 'h"
>IflOlllll of n<XIUn in 'he lurn"", 'I';ne. IknJing ",.•.,- i' .....'OI"pli>hcJ by
ei'hcr hip f1e.ion or 'I';'" fle>.ioo' or bo,h_ It i, the issue of specifIC lu,n"'"
spine flexion ,h" i, of import:>""" hcre_ Nomullo<do,i, em be con>ide",,1
,,) be 'he ,,,,,,,tn.. of the Illlnb" "I'me a""",.",J ,,;th 'he uprigh' "'''<linll
1""""1'<:. (I;) be j>r<:<i... 'he lumblr 'I>in, i' ,lightly e",nde<l from el.stic

b ,")"ilihrilUTl during ",nding, ... Sc>n""ll ,nd McGill, lOOn In iigure 8.1,
a w"eho",e "",kcr I> ,U<n'SSfullj- ,parinll hI> ,pine 1I)' • ..,id,ng end "ngt' of

fillu" 8.1 (.J FIe"ng ,he .pin. 1II0ti"n '....e" ,hough he i, fX>t bending 'he knees; he h., IICWtIll'li'hed
'0<>0 in""; ..... ,';,h<.~ hip Ib_ 10rs0 ne,;"n bj-- ro..,ing ,hou, ,he hi!"'. In figure gJ, • ftfefigh'er i, ,lem_
ion Of spine flexion, Of la. in omtming' "I,i"c.<I",ing «'Chni'lue (fil!'U,e KJh) ,-.nu< , >pine--Jamogmg
ll1i, e...,ll>oth_ Ibl Is "'-'J".I tochni4"" (fil!'Uf< 8.3,,) fu, lifti',g e:<,ingui.hers. Ch_I"" 10 olfers fu"hel'
>p,ne wllh hip flex""" OCCUpoli""-spe<ificeumples (e.g.. ,he consrnlCti"" "-00." ,lomon.. ,.."ing

<pi""_>p.ring I",<lu,", in figu,e 10.3).
I" <:h'I"e' I, I OXld.inecl the Io:od di,",],u,ion "nong u,e ,,"".. of ,lie low bid. Of inter­

"" he",.re the dc.m"ior effecr, on she" lO;lding". fun<1.ion of <pine OI"-.nJ,... Recall ,he
«,!lowing f",'"

• A ,pine 'h" i. "'" fullj- fle,"d emu,e, 'h" 'he PO" lumborum fi""" of ,he Iongi,,;mu,
,honei. alld ilioc"",h' Iwnbormn ,I'< 'bl' '0 I"",ide a 'upporting [IOsterio, ;hea, fun"
on ,he superior "e"el,,'o, ",hii, full +1e,i"" e,,,,,,, the inle"l'i""", li8"'l))"n, ",n'ple,
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Figu... 8.3 (~!Th" fi«.'ghter, who i. """iog ~i.lumb>-,

region. i, lo.>d,n~ ,he 1"''';'''0 '''''''''.00 inc,o.,iog~"

risk <i bAck troubles. fbi ,,"vokilng iull lumbd, flo."",
and ,"'a'iog aboul'he ~ips '!We ,he 'p'roe

Fig"... 8.4 IV",i<klas. pcrlorrronce; in Olympic
",-,ghtliftiog ore d",,,,-,,,,,izoo by, Iumb.>o- '1"""
Iod,od in neutral. wher" !he molior> t.:>k~.. pl"""
about !he hips and~ Spone"""ion woo Id either
Ie.xJ to iojc.y. Of "" ...-.:ompoI"i", lift.

to Slnin. i"'[lOSi"g.n ''',e''or 'Ileo' forr" 0" 'h"
.uperior ,w,d"", Fu' these 'C'S(l<l5, .,,)~ling filII
flexion "01. ""Iv cn'u".. , 10"", sheor load but ,I""
dimi"".. ligo;nenr d.m'g<,

A fully fl'xcJ 'l~'" is ,igniflC'''tly m",p,omi""d i"
irs .l~lity to "irJ"...nd ,ornpre"i,'. load.

Bec.us<: ;'C,ni"'01\ of 'he nud"u' through ,he
.nnulu. " .... u""<1 hy rep"'I«1 or p'n!ong",l full
flexion, 'mid.""" of the po.to", ",inimlZe< ,h. ",k
of herni""'n (. cumul"i," 'nun" problem) anJ
minimizes lhe ","""'" (lfI .ny ,le>..loping ."nul"
bulge...

•

•

Ol~mpic hfte" provide. <""'''neml[ ex:"npl" of the
"ffICO<)' of »-oidil\g I"mhor flexion in lifting. ~. lock
th,i, -'pine' in • no",raJ [lOS!"'" and omph"i.., 1'(1,.,00"
.IK"" the h,p, (see figure g.4), M'mg e""<1,.,'" "eights
"id""" illjul)·. T1,. ,m)",I",,-,,, "'''''dam' ill fil!"'''' 8,5 .'"
.1", 'I'"i"8 'hei' bod, l~' Lo..-king ,he I"",b... reg'on, 10
.mid f1<D"n.

Thu," the imJlon.n' i""" i. "'" "'hether i,;. ben<' 10
"oop lifl or to "'lu.1 Ijfl; nthe" ,he "mph"il .>hut,I,1 be
to pi",," 'h< I",d do." to ,h. hody to ,educe rhe ' ....mon
,""",ent (.nd rho ,.,l>s<oq"<n, <"""""" 10"", .nd " .."I..",

oo"'pro,si"o joint to.Jing) on,1 to .\'{,id • fullj'
fl"",,1 ,pin". Som<1;"'''' i' ""y be henono "'l"o'
,,, ..hj,w ,hj" in <"I<" '" "h"'h rh.obja.. i. '''''
I>rgo 10 fi, be''''«n ,he .nee>, """.",..". i' n"r bc

•

Figu.. 8.2 Thi. warehoose wo,ker i. not bend·
'ng the ''''''''. yet he " .p.lfing the .pi"" by
ele<:tmg to lM-....t And rota'e >botJ' ,he hiF'" the
lumb.lr '1"""" no! flexed.

•
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What Are the Ways
to Reduce
the Reaction Moment?

hencr to "WI', /1""in~ " the hip; but .1"",)""
.,-oiwng fuiliumbo.r /1<:Xion '" ,ninjmi", IlOl­
,erior ligomen."", in"~\'",..n,. (For. more
",mpITh.mi,'. di,,-,"';,,n, >eo McGill m,1
KiI'l"'rs, 1m, ,\kGiII .nd Norm,,,. 1987:
Po!,';", 1':om,.", .nd .\\cGill, l'i'! I.)

Ie. a"othe< >I,i",-~",,,ringlifting f'O'lUre j,

thel>"lfcr'. lift. which reduces 'I~'" load. fur
"'I',,,,._jliltingofligh, obje«. (see [,!1"'" 8.6.
a-b) (Ki"ney_ C.U.gh>n, ."d .\k~ill, l'i%J.
The hil" " ... os. fukru", in wn;"h one kg is
"""'ib'.red behind ,,'ilh isometric ","",Ie
<Xl"tr'.';"n, funning> counterweight to
rotn. the up!",' I~JdJ' bock to upright.

,\ popul" i"",,,,ctioo is <0 hold ,h.lo.d close
,,, ,It< "><><> ...h.n h.",l~ngm.teri.1. This is hiorn""h.nic.llr "..i,.,; ....,Ioccd k~-., ann nf ,It<
Iood ''''lu,n.:' 1",.-...,- in'ernal tI,,,,,e ~..ds neet""'", to '"1'1'0"!he «,,,'tI01' momm', Ou' phru­
iog the prinei[dc in tenn, o(holding tit< load cl.,.. """ic" the OOIion to lifting ,.>1.. ']"e ,.. I
hiorne<h.nic>l priociple is '0 ,..luce the reoction momenr. When ph.....,,] thi, " ..y, ,he I'riociple
" no,,' .w1i,..ble to .ny ..>I; ,,,,ul,ing the exertion ofextern.l fun"',

One 't:ehniquc is to "'I""d !he runeept "",d hy .rehers------tenncd ,he -,,,,hcr', bo".. " I:tj' SOlll.

nf my Au"..li.n roIle.!!U", (Ii!!,"e 8. i), 1·le.... one ann 1"'''''' '0 '"Pf"'n ,he ...,,:,ion momen,
",'<Oded Ul wpl",rt ,he upper hody whil< ,he o,lt<, 'nn ~ft, ,he load,

Fi~"re 8.5 These .m""l.ne.. a,,<ooa.,1< .", .ltempt;n~

to <pa,e <heir oo.:h ~ "voiding lumb.1, l1exion.nd lining
t<>gt'lhef ", ,h"", ,r.. lood. They """" .1.., be<.o<1 !>ught to
lightly cOOI<ac1 !he ".bilitong ,bdom;".i m","""I.ture,

Direc/ing the Pushing force Vector Through the Spine
\ \'h,", One i, pu,hing a cart h1Jldl<. din'-ting the pushing fune "cttt>r 'hrough the lumba, sl~ne
",dlJct:S the ,e,,-,ion nlO<Ilent .od ,It<rdo<e the ,i,suc Io.d, .Ild spine lo.ad (see figun: 8.8). In

• •
flgu'" 8.6 The gojf",,', lif, h", bet." doculOt'Ote<i to minimize low b:td. motion and redute ,f><> 1o.Js un ,he IUmNr ,i,>Ot"l
by u.ing ,he k'go which i, cmtilt"Vt'f<.od bellin<!, a1. <"""'"""eigllt; the hi", ..., a' a fubum '0 rai"" ,he lOfW'o upflgln, This
i, an eff""",,,, ,<,<hoi"ue for "'1""''''' lifling oIligh' obj<-d, f,om floor 1,,,,-", (a) Most >till ;Jdh<.~. lO the 8'-""-~al in'truet"",
lO bend the knees and keep the baek "'.ig\1t not (bJ e""sKlering ,he sp;ne-e"""""ing benelit< 01 ,he gojf,~'. lif"
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Figu", 8.7 (~J The MC"'-"" bow (hi i, tr.n,l.t<.'<l to. lofting ""',"00 minimi,ing oocx looding,
(}ppo1lng hdr..J IOff'" .re .nown with .fTOW'.

Diverting the Force
Around the lumlMr Spine
Slill othe-r ""'Yeff""';I'C wop e,i'l 0"-",1"",, the ...ct~m
rnoo""",, The next <...mld<,< Jernon"we hoY.' \I"rken
skillfully"""" the lm,' hod ~. Jil'ening (one .round
the 101mb" region \I'hen lifting, 'rr., ~'orke... lifting lhe
.hofr in 0 1"1"'1' f:&<.....f)· rn figure RU 0 .. minimizing ,he
",octioo ""'mcm~' hfti"g ,he .hoft \I'ilh ,heir ,hig/l (~.

rI.n"" n.xing lhe footl· In this ~'oy, lhe "'eigll, of ,he
>!loft i, d;n:eled ,lmIn the thigh lO ,h. floor. l"'l",,'mg
,he "J~",r booy li"bg<: ."J ,,~"". P........ lU re<le,ig"i"g
,h. job. the worke.. ~J \Q lift lhe >!l,ft \I;th o.m fore...
<..",ing k,w l=k 1'f!)1~C"fT" .nJ n~,,;,·..ing our m",h~

memo Figure 8.13. ~ lbro"gh r, illU"... I<O how • worker
con I"'rf<,rrn ,he ..n..., ""nCllI·.' '0 lift 0 r"ien" 01"""..,
,hot the lrfte. i, j ...J1ing the 1"',ion", pel,;, onO, hIS thigll

<'Otr,r:o", • "",hing~ di"",,«; ,h,,~rgl1 the ......"Ide< \loold not he ,lir.ete<J ,hrougl1 ,he low
bock (oct figurr g.9. ~-J,); thi. rom.. 0 tnn<r"i<sible R'-_. "!he 1o'F" f'CIl>endk"U!:u <.Ii<t.l"'-" from
this """" to ,he 'I""" COU"'" • higll rr><tion toni"" !ltat i, bol>J1<.'W~',,,",,,,,"'r~:this i,,'1'JO'<'S
• '')IT<SJ',,,d ing comrr,,"'''e I"'IU It; 0'>1 he sri""· I1cm""",ng ,he Ir,n""i>>iI~.'-..:tor thrno.,gIl the
k.ow t"",k "oJuce> this moment onn (md the n~"n,,"'~ ,he mu",1e fr><=, onJ ,he 'fIin. C1~npn""
<i"e lood, Otht"r exa"'l,l« from ",'cry'J.y .cti,'iu'-'"! ",,-,Iude the ,,'chnique u>eJ to 01""" door:
directing lhe pulling foro: tbrougb the lm,' bock i, 'f"nng (sec figu.c ~.IO. 4-,'"). A",~he. er,mrJe
i. l'XUum,ng. wbi<h i, ofren rel",ned ~. our I"';on'" '0 eneeri",'e ,herT 'ymptom', J101<lrng
,he lundle 10 the ,ide err",e" lorge "',"''''", 'm' for ,he I"",hing .nd 1",lIing fr,rces: ,hi, hc.,,­
il~' Io.J, lh. b""k (_ f1gu.c ~.ll~). Ilire<:ling the "",I. on<! ""II forces lhrougll ,he I",,· h.ck
mmimi""" tho u~"nent :urn ("'" figure ~,llb) mJ rer"",'", the 100,1,; ,hot <""lOre thOl I"li<nt<

1CI".in potie""! Thc<c ,,,,,,pl« d"non>tr..e how thi.
1"'\I'e.ful bill ...",I~' I""""'iced ,ochniq"e of skillcd eomrol
of II..., lr:on"ni"ihle ,·<'<"tor 'f"''''' the hock.

Figure 8.8 Pushing thrwgh the Nnds oo,dir",,'·
ing ti.. lorce ",-"tor \Q p.." thr",,!!h d", Jow ba<k
minim'«" the Jow ba<k murTk'trt (and minimiZ<.,<
the muscul., loods).
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fig"~ 8.9 ,,) rushIng 0< 1"'11,"11 fO<CeS ,h" 1"''' by the 'l',ne "'<th • 1.'1!" morn<.'f1' arm en.ure,
high mom,,'" ,md cooesponding high """"Ie jot".,..od If>lne Io.od._ (I» rulh,ng fore.,. di=l«!
'hrough ,he low b"d minimize the mom<.'flt .nd .p'ne lo.xI.

•
Fill"'" B.l0 (.) Opem"ll a cIoof by d.=ting h.oo 10K.. through Ie., low bKk spa'e< ,he opine. Many people.", no!

"'uS'" how 1o optimize this p<indple during the J"'f/omlolnce d daily ..sk•. Ibl ',,"....d. 'he'! ~"fke ,t><,;f 'P''''' by op«>'
i"ll the door 10 IMllhe force i, 1"<.'f.1 10 the lum!», ,!,i""cre.ting a !wi";ng 'orque'" (e) p<odU<e a 1"'11'ng io<ce ,,,,,,

1"""'" "'"'' the low b.><k.

and "",Jing .Iong ~ith the p,umt. (No'" th" l'"icnt lifts t'.nnot be I'Crformro ~ith uni,,,,..1
,,,,hnique ,;nee ,lIllO';"nts ''''' Ji11<,..,,,, .od CO" "ffer ,.. ri,bl... .,>iSl''''''.) ,\1;0;",,1 forces.re
"''''imine<! dmm the .pine. Sbo,-c1ing snow by ""'ting ,he fO'"..", on II>< thigh ;oml,'" ,he
lame Sj,m,,"'!,.ring I,ri",-i.,l... (O<c figure 8.14. • -b).
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Fi~.. 8.11 I.) V.cuuming i. 01"", repo<ted dO p",!>..
ten""", fo< bad b.>ch. The tr3n.mi"i(,k, vectOf in ,hi.
e"mple h... I.rge mumenI.<lTl with resp<.'Ct 10 the rod;
• 00 "''1u"", 1.'1l" tw;"i"l! lOfqU<' Ion:es Ic.us'ng p"iOV.
Ibi The tr.nsmlS.ible "".:lor i. dir<.'Ctcod ,hrough the low
hack, mimmizi,,!! the Io.:ld .00 tr.c p"in .00 """bling
v;ocuuming.

Figu,. 8.12 Thi< 1.l;' '''Gui,e; • WOfkc~ ,... lift. r.c"l·
.hof, whiie;snolhe<- WOfk... <Iide; Of]. core lrom the end.
,\. high ,ncKkonce of hack troubles m<!l;v.!tcod ()<Jf cunsuit..
ing recommend.,ion to ,,,,,.11. ror fo< the fool. wh>ch"
pl.n.. r flexed to rotse~ ""'ft r>oW .upported on~ 'high,
The lorce; r>oW tr.nsmit dir<.'CIl¥ dorM'n ,r.c 1<'8,. compi"""¥
byp"";ng tr.c.<lTl.oo 'p,ne Itnk.>ge

,
Figu•• 8.11 I..) lilting I"" pooll><..... Cdn be j,.,.-/ormcod wilh n"ni"",llw<Iing duwn the '1"n" pr....icIed tl... r.cight 01 the ""t
i. (k>,e 10 the I...ight "' tr.c liltc~', thigh wl><."fl in • sqw' f'O'ltion, (b) The palient'< 1"'1"i; i; P'Jlled ,00 .Iid ",lto ,he Iii",,',
thigh, .nd Ie) the", Ih" liltt~ ;Mnd, up, hUf,l;ing ,he patic",t'; pel,';' and minimi'i"g ,he t",c,," up ,he .m".nd down the
sf'ine, This 'Pine-;p.;)fing technique" r<""",ed lor f"'1ient> who 're .ble tu ..."n<!.
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• •
F;~u~ 8. t 4 (~J Shaveling s<>ow with • l.'ge momenI ..m for the load "" the """"" Io.ld< ,nc
b.ltk. (b! RMling ,he .m, on ,he 'high directs ,he f<>rces '0 the ll''''''M, b-tl.....ing the .rm ..00
>pi"" l,nkAge.

Reducing 'he (Odd

Fin,lIy. "urkor< u""' skill to ,,,,J,,,," ,"" >ctu>I\o;o,1
and lund ron,,' when lifting la'X' ohi"= Soxne
wk. (.n I:J< [lC,rorm<d Ii~' lifti"g only halfof 'he
ol>j<o<.~ at Hime. Fnre<:lmple. ,,-hen loading long
~'lr' on'o the I»<-,k of • "uck, • """,,le, could lift
iu"0"" end (elf<etkdy handling "",I" half of 'he
f,,11 "'eight of the log) anJ pL.", it 00 the hc.l.
Th" ,,-orkeecoul,l then ",.Ik amunJ to the o.her
e"d of ,he log ."J lift "hi]" .Iiding the log onto
the 001 (<<. f'g".. 8,16), tach hft is h.lfof,he
,o••Jk>a<l. '" "'Iuen"e,,(unhldmg. refrigc...'ol'
tknlOn"ra",. the ..",. 'cehn'4ue: ,he full "''';11'''
ofthe obiOCl i. "."" li(,eJ (set figure K 17. ~.j)~

The "-,,,lee lifting ,he mini.rcfrig"""o, (.h<,,,·n
in figure 8.18, ~-J,) 'ilt> i' up onto an edge. rais­
Ing Its <en'er of grad,}, t"!!"'ther "'ith the initi.1
lifting heigh,. I~fting fmm ,hi, higher "arting

Fill"to 8,15 Dlre<:ling ,he pulling fon:'" 'hruugh the low
bad h..,p" to mfnimiz"""nelon:,-", Spin< posIure 1",-"".11
,nd whol...bu</y poslu,e Ito ""I,"",,, <he 'c.>c'oon """"""tl
or" .1", import.>nt ""dabk-. !of iniury .ovoidance,

A Note on Pushi"g .md Pullins
Oor .",dies <orllparing the .'1"'" le<hni~".,. of fl'efighters '-0"'" gr-.d""e ""dent> ,",'ere
"0,,,,1 in ch,pt., S. Sp<-"iflCally. frn- """, ...ell .. h(j$e pulling. the fiFefightc.. h...ce.1 the lo,d,.
IIld pullro the 1.:"" ,,-itl, ,he for", n,""''' tr,..-ding thruugh the low !-·k to minimize Iwnhor
Iooding (..., fill"'" K 15). Some "f 00' r«<n, \,,_,,~ docu""""ing ,h. leehni~"e< employ<J br
h("I~,,1 "",loe", ",hen thoy ,...""f<, patient' highlight"'l one. 'goin thi, impon,,,! teeho;,]ue
(McGill..,<I ""'Tic, lOO5~ On ",-"",ion ftit~ion-rtxI",-ing dc,;,,,", ore pl"Ttl u"dt-rnr"h the
[<II;""" th., ,,«<110 h. t",n,fc,re<.l. Pu,hing ."d polling' by ,he P"O' ilkr.re 'hen applied ,n lh~

, -.. p.>'io"t. E"en ,,;th tho fricri"".,<d"eing de,;"".
,"" rrin<.iple ofdiIT<:1ingthe lund 10,,-,-.. thrOll~
,he I"n''''' spl,,. is, "of)' 1",1"""'"' COt11f!O"en'
in minimizing spl". forces.
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rigu•• 8,16 Thi' gi,lh"l, the log into the ~ock t,.,. liiling only h,li it; w<.';ght at , Ii"",. Fi"l """
liil! 00<' c....d ""to lhe Irock. n.:.", 01", liit, II", olhe! "nd .0<1 'Ii ..... the log ""'" It", I:....d.

Figu•• 8.17 Thi' """k.. ""Ioad< the ,oI,iS'"alOr i,oo> ,I", Ita, Ie" ,",'Ithoot having 10 l;iI ilS full "",igh!. ra! He -"".11,,- tM
r";tige<.t", on it< e"'"e'" '" the "'Ill" of 'I>e I..i~. ""I""" t.. bal"""... it ""'" too lip 01 the I:ted, (bJ No.<,I. I", r.lid<'S the
rdfige<"'" oo..'n ...., Ira,I..', "ilg."c, leJ He ".,.alk, ,he ,c/,ig..at<>r d~.., of the tra,l.. and 1(,,,,,, it ..anding upright ""'il"
he ,,,ui,,,,,,, the rIolly. Id. pI H" pus.hcs """ edgc of the 'e/'ig....'" up iustcnoogh In ,Iide the dc>Ily undcf it_ ({J finally,
he ,nd a c<:>"M)!k", "'l>ooIlhe "f"i'Ii.,tX<J .""',y_

ro:";tion ~oc." the ,,00:... .,.. ">ot1'e"t. The '01""'1l( ,w minimizing ,he rc>etioo moment i,
mllth n>r'rc ,,,h.,,, thm oimrl)' tdhng l"-'Of'Ic to ho~l the lo.d clos< to the 1",,1)'_

Should One Avoid Exertion Immediately
After Prolonged Flexion?
Reoll ,h., prolonW'd ~e.io" c",,"'" bOlh figamemool creep ,n,1 , rcdi"ribot~)" of ,he ""e1"",
..ithi" the o"nul", (see dupre, 5)_ In ,hi, ",:oy the ,pine ti"uo, h",-c .1o:o,li"g memo'J. Funher,
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Should Intra-Abdominal Pressure (lAP)
Be Increased During lifting?

",i<l<:,= froolj:lCkson .nd roll.,gue.(lOOI )'nl!l(CSt. ,I'" prok>ng<d Ae,iotl
mr~tif,.. ,he ",ten""r ncoml>gic"01 resr"n", .",1 "'''''''' muscle 'I"""ing.
"k,,, un,il the ligamentou, m,'1' h", been ",",>re<!. In this n<e" "'''' i
houn! Spine ""bili,y ,,,,,,,Id l.o< CO<1I1,..."i>cd duri"g ,hi, perio<lattd ,Ioe ri.l
of .nn"l u• ([,m.ge ..nuin. ,empororily Mgt-., II possible, .fter prok>ng<d
"'''>ping or SItting "-~i"ti<.,, p'-"I'le shoul,l 'I",nd rime "",dmg upright
hefOre ottt~"I~ittg n""'" strenuou, ",cnion,. For ...",ple. i, ,""uld be ('el)'
"n"'i,,, for ,he gardener in figure 8.1~ to ."nd .ndlil1. b.g of peat ''''-''' "'"
r,tr the shipper!r..."';,.." in figure S,1O to ri« .",1 immediotely hegm 100d·
i"l1 poll,..... I [ow 100'11 >huuld one nil her,,... ""nonning '" ",eni<~,; Dat.
fro", 'I"",ney ,nd T,) lor (1981) d.,,.;,..d ft-om cad,,'eric .pines .ugge>t th.,
'I>" del,l"' "'co,..'}' of the ,pin.1 ri,,,,e,, McGill .n,1 Uro",n (19')1) "",«I
that ""';du.1 1"'1)' rcm,ined 10 the I",,,i,.. u","es <~'en ,ker • half hout of
",."ding tOlk>"ing prolonged A..,ioo-<ahhough ,he A....,,, "'IS ..,,,eme in
'" occul"'~m.1 ,'Onle", At k,,, l([% of the joint stiffness returru...l .fte, 1
min","' of ",,,,ding folk""ng the ",,"~m of prol,,,,!,,--J Anion.

A, "",ed i" ch.p,er 5, beC'.u," ,lie ,,,,,,,h,oi,,, of ,he pm,.re tnodul"ed
Ity p",,'iow; In.ding hi",")" 'ute ,hool,1 no"" n"we inll11e<h"e1}' to , lifting
".k fruon ''''''>J><--J l""tuIT 'H" ,ker prol<1I1gt-J ,i,ung. Rothct. one .btmld
fir:>t ",mI. or e,'cn """,cio",ly .."e"d ,he;pine. tOr. ,hort period. ()b"iousl;'.
l""'J'Ie in ccrt,in occul",i,ut."""h •• e"'e<gooey ,,"hulance pc"""neIcan",~
r,~low thi, gwdcline. Th,'j" .m,.. " 10 " .."dent ,,""" witbtlll' the hrrul)' of
,i"'e to ....n1\ up ,heit bod, .nd",.y ha,.. 'I) perform n,,,}' [jfts-------,;u<h as.
1,0 ~g hean "tock ,ietim "," of • b.th1Ub~ For Ihese indi,'idu.l" the unly
""'"ll'!' i, to .""id , fullr Acx.-.l ,pine 1""""'" wlok driving '" ,hat tl.e ,pine
,e""i", best 1',..,.reJ '0 ~·i,h..."d ,he il1ll""'-'<llood5. -Ini, ""J' he do"e ...i,h
....",,,,n,,,cd lumb"!,,d, in ,h. ,mhul.ncc se." ,nd wi,h ,,-orker I.,ining

Gener.lly the .n,~w i. no: A, Ie.« lAP """uld "'" l.o< inne.sed run«iou>l.'.
Rocall ,I.e discussion concluding th" lAP 00., n<>I retlU<e 'I~ne k>adin'g
hu, do." >cl to "iffen it 'g.in." huclding, By "lCCe"full)' completing ,he
rch,Ulitatiun tnioing ,J.-o,'''ed in ,he fin,1 ••:enun of this bo,,~. 1"'upIc c.n
,..in their hre:l,~ing ,oJ lAP to l.o< inJependen, of .>c..ion, In ,~i. ~")'

"'}' 'I"-'cifie instrue,ion.. reguding hre-..hing .",1 ..erti"" hecome n~""

po"'t<. In mos, ,~.,,' ~\P "",II ,ise n'tunll}·.•nd no furt~eH-on«iou.effort
i, required,

.~ 6...1co"ea' i, "'lllireJ here. \'el)' "",n'IO'I> lik" if 'hey m"" be per_
form,-J, ~'ill "'4uire ,I>< buildup of lAP '0 m'Te,'" torSo ,tiffne" ,nd en<o",
... bili,}' (CII<:JI.e,..'idiJolu"', .nd '\ltCill, 1999).0" tile Olher h."d, "'e ~""'"

,h.. , ,"b>lIn,i,lIy inere.",,1 in'..,horacic I""'"'u", (" 0,,""'" with liking)
~ill "''''IKDIII'S< ,'e",,,,, ",turn (.\l.n"...",. Antil., .",ll'd,onen, 1984).
FuMer. 1>t<::o,l, hoIJjng during ...en""" r.i""" both ,;~tolk'Milia"olk blood
1""''''''' (H.,bm el ,I .. 19S~), ~'hlch can he, concern 10< some. m.do"t

i, "'" UnCOllllIH1I1111"",m,OU' lifting ~~'cn though i, i, not de., ~'hieh ",ech,ne,m I> ""1"111'
"hie (M,cDo"g.1I «at, 1985). Rei"n (19..; I) l""l""cd ,hot hl.elou, may be due to de...ed
cen,.,1 OC<VOll' 'pte'" /lllid 1"""'"'' (lAP ,I"" .,ise, cen,..1 nem)ll' ')'''e1l1 /loid ["''''u", in
the 'I"ne ,nd up '0 ,he h,',d). where.. I III",lton, \\<>n<lbury, .nd II.rpet (19+4) pl\1P'"",1 th..
•n incte.se '" ,'"",brospin.1 Auid 10"'"'''''' migh' ..,tu.lly <en'e. prote-cr;,-c funct~'" (Le., ,he
co_que", decrease ill ,.,n,mu.,1 I"""u'" across the ""..bral ,·....1. could 1<:\",lly deere,se
the risk of ,·.ocular ,],m'g<), At ,hi. I",int, gi"n ,he,. i"u", ",d , I,d of full unde"..n,~ng,
n>t>dt:.,te lA], "'.y he ~·.tr.nt<-J "'lth ,he "ndc""'nding of the neli'"j"e .ide err"",.. E:.'rt~ne

lifting effi:>rt< in."OI, ing co"sciou. ioe"'.... in lAP ,hotJld "'" he ""rfQr,,1ct! " ~orl,

FiKur<8.18 '~JT1usmanlift,

!he mini..eirigCf'tor by tilt,ng
it up onto ,n edge, r>i .. ng
its c""te<' nf gr>v,ty togethe<
wi,h ,he ini1l,lli;,,"8 height
(bl li;tin~ from thi. higher
Sl,rtiog 110'""'" "ld",,,, the
n"" ..."y moment SO the
mar, cor' ,,,,,,,h the Sl,ndinS
posi'ion wilhool d.t'''''8'' '0
hi. h>d:,
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f;';u",8.19 This S",dt>n<.o< wuuld
b<o unwi"" l<> ".00.00 immediaMy
li~. f>eavy object .11.. !f'<."""ling.
long "",ioci of ,ime in • >looped
P""""" R..h<~...anding for. b<id
I""iorl and even extending will
P<"P-ue ,he disc.nd p""<~iof pa..
,i,e ,,"u<,,; '0 «-duee '"'" fi,\; 01
'''lury,

FiSU" 8.10 Th" ohiPf",'f/"",,,,""",
,",'o'\; I, ,ha,."",iz<>d hy "",ioci,
of .,oing iolk>\wd immedia'ely hy
liili"ll"-hw • Huck pull. "I' 10 ,he
Ioadi"g <lod, Ag-lin, ...nding and
"'ai,i"ll i". • i"", min"'''' p'iof '0
the ",,~'ions ",ill ,e<I",e ,I", ,i"
of iniUl)'.

Copyrighted Material

Are Twisting and Twisting Ufts
Particularly Dangerous?
While ",,'c~,1 ,,,,,,,,,,,her. h>l'e idrnlifi.J ,,,'i,,ing of' ,he ",,,,k ...
f>etor in the incidence of occur.,ion,llo,," b.,k r",n (Ff}'noy,~ H
,t. 1983, Troul' ct .1.. 198J). the ",,,,,h.ni'm' of ri,k "'lun', "Mtle
"'I,I,n'lion, The lin.m.,;<- .ct of I",i>l;ng h., be<-n ronfo,;etl in t!>e
lite':llure ,,'ith the bneti<: ,':ori.hle of gene",ing ....,i,tlng to"'loe.
T";Sling ''''~\JC in the l<J<So ,'.n he ,,',vrnl>li<h,"tl ",h<~h", the 'pme
is t" iSle<! or '101,

Gene....II}'. ,,,'i""'g to m"" .....'o ,le8""" wi,h"", high !W;"ing
torque i, no! <bngcmu<. S<Mne h,,'e h)lJOth,.,;z.e<! oo ..."tl on .0 incrti.
'rg<Jn"n, th" ,,,'i>ting ~ui<:U}' will impo"" d,,'il"t'OU...i.l ,or~ucJ;

upon hnbng ,he ..i,1 f(}(',ion of tl>.: m,nk .. the end ",n!l" of motion
Farfan mol ,,>lle.gut' (19;0) p«~...ed th" "mting of the di,,· i, the
onl)" "")" 10 d.mag< ,II<: rolbg<tIOII. fihers in the .nnulu< Ie.ding 10
f.il""" The)" "'I........'J ,hal ,Ji'lortion, of Ihe ncu",1 .",h p<noine<.l
>ueh "'iu,;"u, «M,tion,. Shir.zi·Ad! an,l «>lleag"'" (19&6) «>I1,IU<.."d
,oore dtnile<.l .n.ll''''' o( the .nn"lu' unde, ....,is'. They .upport"d
F.rf.n \ con,.n,ioo ,h" ,,,i,,ing i",I"",! con <bmail" the annul", ,t
end ..nge hut al,o ",>ted that "'i,"ng i, nO! tho ,,,le ",,,,-,hmj,m "f
annulu. f.ilurc:. In "..ntr.... ""n" ""..... "'h II...uggt-'Slc<l thOl ....,isting
in ';'-0 is "0' dangcro-", 10 ,he disc", ,h. (>ee, in COI"p"-'"ion fOnn,
• m""h.ni....1""I' tn ",..rion ",.11 hdo'o tho 01,,01< ~mit of the ,ji", i,
'''a.hed, ,hus, the bc", i, ,he first ......."'"rc 10 ""..in t""~J".1 foilu'e
(Ad."" ."d H,,"on, l'illl). In ..."Jyoflig,m.", I",'ok.n,.", during
,,,i,ting. U""" and Liu (19!l1)c<>och"i«l that tho ligo"",n" "',..." unol.,
OI1ly neghgil>le ..,.in dunng a fulll,hr-..ologic,,1 ....,ist. I [o",<~'<"" an
,,,.l~'.i.of ,he L~·L5 pn, by ,\J<-Gill ""I Hoodles. (1m) SUgge<le<l
thOl p"-"t.rio, li!!.",.n" nul' hec<>I1"-' inmll-«I if the joi.nt i, fully /1",ed
prior 1U ",i"'ng.

Genen,;ng t"'i,,in!!" ,""!oe is • oliff...", ilsue (see figure 8,! 1. ~­
b). Since "0 mu",le 00' , prim,')" """or di"",,;on design",llo ''''''e
....i.ting 1Ut~"'" .11 I11U,,1« "c acti,..ted in • ""'" "fgreat "'><.'On'rx­
,ion. Thi, ",suits in • dram"i<- inc,n,. in COI1\I"""i,'" Io-.J 011 the
<pin. ",!>en """'p,,.,1 'o.n "'l,,;,'.I,,nl to"1"e ';'0«1 ."Oth.,- axi" Fo'
":<-ample. ,lau from. """,hi",""" "f "U' prt~l<J'" ..ud".. indi,,,'e
,hat "'1~",njJ1g50 I'm in the <:<temio" "i, iml\OS<S .bout 800 I' of
.p'n.1 COI"r"",ion. Th. ","'e 50 l\m in the 1.......1b"nd ..i, ,esuh,
in al."" l-wll N "f1umoo, ",mp'''''''>I1, hut 50 Nm in tl>.: ..;,1 ",i..
....is ..'wid imf""C ""<r 3000 N (McGill, 1991). It 'I~"'''rs th., tl>e
;oinl (10)" de.,l)" 10 "'ppnrt ':,'en .",.11 .,;,110"1"" ",h.n ""ending
,I"rong the lifting "f • ..,,,1.

To ro""ludr. tho gene"'ion of "i.1 ....'''ting torque "'h<,, the
spine i, "n,,, i".d 00.. no! 'ppe" 10 he of [IOnioc"I-., concern, No'
i, the a" of ",i""'g nn,. ""~le",,, ",ng" ",ith"ut """,,,n[lOnr,ng
,,,'j,,i,,g ,or~ue. But gcner..in!! hi!!h torque ",hile the ,pin" i. ,,,;,,e<l
'Pf""I" to C"'''•• prohl."",;c combin"ion .",1 • hig11 ri,k, 'l1>i, i,
of rmicul.. Cf)<ICem in ,e" ...1"I""" a",1 ",ill b" ,d,lr.....,J in th ..
context in <'h. I"'" I j,

'"

Is lifting Smoothly and Not Jerking the load Always Best?
11>e ,n,,,,,, 10 th"q"",oun i. no. We h.,,, all he..d th" a ""'01 r.huuld he lifted ",,,,,>!hI)' ,nd "'''
jer\;<d, Thi, roc<M"menJ"ion ~'., lHO>Ilihlj·ll1.J. on ,h. oosi, ,h., .,,:d....ting. Io.J "r"'"d
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• •
f;g"", ~.2' (~I TWi";ng 'h" ''''''' i. o<:o."'ing .>1 II", .."'" Ii"'" Ih"1 IWjshng wq"" i' ''''1",,«1,
wl1<Ch i,. ,I""!!",,,,,,, comb;n.';OO, (hi Ge<""aling lhe Iwi"ing lut'l"" 0..., ''''''kling ,he I""" 1'0'1;"
;, • ~r>e-'I"';ng SI,a',,&y I.,ld CO" .1", ""f,aooo P<-....."'''''' ....e).

i,,,,,,,.,,,,, i" elfect;"< m,., "'- I1rtue of." .dJi,ion,1 i'.....-u.1 fun:< ",-~;ng Jo",n..."rJ 'ogether
~ i,h ,he g... 'i",io",1 I'«tor. H""·",,,,. ,hi, m>}' nol ."',,~~ he ,he co;e. It i, f'O'Sihk 10 ~~ , Io;d
hj' rrmsfcrring ,,,,,,,,,,ntilln nUll "" .I",.dy """ing ""gm",,', Auti,..-.n<! mU",!l''''' (19%) ,h"...,,1
<ho' "-hal",, I'l"'"ed '0 ......in' lin,.,.., <XJ"-'1t u"'ori .1. h. ndkrs "'''.....;m''' ehou,,"",'h "iq",", lh..
m.l:. """" "ffici<n< use of """"e",um ,r,n,r." '11>e~' 00 nlll .I""r' li~ .lo~-Il' .nd ,,",,,,,,hi}',

T'''lOp .nd Ch'l'm.n (I %9) reft.',,,oJ ,,, ,he co""'-'I" "fn~,mentllm.... n,fee d"ring lifting, .,
has Gri,'w (19i5). ",ho min"d ,he 'm~ Linetie lift. L"er. ,\kGill .nd N"rr,,"n (I '}85) d,-,,:u­
men,ed ,hOI ,m.lle, lo~ bad mOme"" ~'e't po>,ible in «nain """'" using. ,lillful ,r""f" of
m<)Illen'Um, For e"mple, if. Io>d il ."-l'...,,,Uy p1>eed. pe,h,p' on ....or~ "hie 7j em 00 in.)
from 'he "'ocker.• slow. 'mooth lift would nee,-,'''''''' 'he g"ne,.,"'"" of, Ia'l('-' lumlnc ""<fIiOe
,ortju< for .I.ngthy du...,i"" of 'ime-------<l ,ilu.,ioo Ih>t i, ""'" 'trenuou, 011 'ht Ind. I-I""'"",,,.
the ~"QI"l.:e, ,,~,Id lift ,hi, 100,1 ~'i,h, wry I,,~, luml", "'en.-.or mom.n, oc qui'e I""'ihly no
,,,,,,n<nl " ,IL If Ihe ...o","e k",,,d f"",,",d .nd pl.,,<d hi' h,nd. "n the lood...."h ben' elL.,~-,.
lhe eloo"" ",,<-,nso,.. 'nd .lIoIllokr 'Mscubl"'" coolel 'hruSl up"..rd. i"i'i"ing u),,,.. ,d 'noti""
of ,h. 'n",1: (0 "'• .,. bolh lin,,>, .nd ,nll',I" mornen",m in the "1'I"'c I:>->d}' (nole th" ,he k.,,1
h" no' Y"~ "'o"ed). A< lh< """,,..- ""';ghle~'hi' .rrn'. ",upling "'~e. pi..., be'"""n Ihe k..J
.nd the I>"l!' InJt)~ ,n.., (>s 'ho h,nd.,h<lt stan fO 'PI~)'ul'",.ro k:ortt 0<, the Io.ld). , ..",krring
some, 0' .11. oj ,he oo..ly momentuJn to the 1o.l,1 .od ""'ing i, to be Ii~,-d "'i'h • je,l:,

This m""h",icol ,,~u,ion"'''p"",,,n In h" "ffuc",-. in • ,'"r,- eorlye'l",nrnen' in my ,,,,,,,,ceh
coree'. ll>c I><rson ."""-n in ngure 8,!!, 4 .nd h, i' <kn""''''''li"g. ,..1: in ",hi,h lhe~ con
be Iif,.d sImIly. "h>ch "ould lood the lo,,·l..d ","d"I~', 0' ,,-i,h the line,i" lif, ,,,,,hni~"c, "hich,
,f mIT<-'Cdy l"-'rft>m,,,I. ",;11 ""'IT the 1..01:. (OllVK>U,lr Ihel""'",'''' Oil Ihe model" lui)' ",,,ce to

.<si>t Ihe n"-,.",~n",,, of 1>:ld)' ",-,grn"", O1Io,'''n<'''.) Thi' high],' skilled "i"""i.l" lechniqu"
i' oI:>sen'cd qui,. f""-l""ndy ,hroughout in.Iu,,,}" .nd in some ..hb>c """nts ,,,,,h .. con,!""i.
ti,'. ",.ighdifting. IKI' il mu>t he .tres",l th" ,",eh lift,.,,, mnducted by highly pr.ctlce<l.n,1
>killed ,nd"idu.k In mO.1 ,.."'.. ,,-,-'c1,-ntion oflood. '" d"cre,'" 10", b,d We'" in the "'..moe
o.kscribcd i, "'" 'ui",bl. fu, ,h. ,,'.roll"" indil'iJu,1 conducting lh. lifting cho"" of d.ily li,-ing,
"flte mom<ntllm"lm"fer " ..lin;'I"" i•••l:illed ""n'."..n' Ih" requ;'-e. p....tice; i' .. f••sihl.
"ul)' fur l"l",mlll'I~",-'ed lighle' Jo.tb .nd ,'",not be justined for h...",y lift•.

Figure 8.23 .f.o,...."",her ••,mpl. of ,l;lIf,,1 u,ili",tion of ,hi, principl<-, by , ~<:K"l:<r p.:r~

fonning 'he ·~ldl. 1m>" lift,
Another m""h.m,",1 ,",nobl••houlJ be in"W",ed in'" Ih" .n.lp" of. dl""""'" ",-'hniqu".

111. ,i,,,,e rrol"-'rtrof "i,cocl'stici,y e",hl., ,i.....", to "'st,in high"" lood, ... he" 10Ilded ~uicll~'

(B"",.in .nd Fronl:d. 1%>1). Troup (I'ni) S1Jgll"',.d th" li"'oelostidt}' m.y he ",,,,d to ;nc",• ..,
Ih< m"g,n of..kty for'l"ne inju'}' """nil" h'ghee ""in ,"" hut ,..utl,,~,,1 'h" in<orpo"'ing
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•
fi~ .. 8.12 lining,n ,,,kw,,dly .,t..eed Iood >Iowly.oo smooIhll'. ",common wIsdom "'&iI"'''.
Comproml"-" the rode R.:!ther, .cceler.llng the torso fi"" and ....", "an,k~nng the momenlum ,,,
lhe load a, the affllS ",.ight"" can reduc<: 1he 'r'ne l=d. Accelerating the I""" and 'h<:~ aI

lhe ...me time i' J>OO' l«:hnKjue lha' violates 'hIS I"inclplc .nd ,""ses hIgher spine ~Ing. 'fhes.<,
pholograph, are 110m ..... eMIl' e.peri"""" in Ih<: .uthor', ,,,,,,a,ch Clrer~.

-
•
fi~ .. 8.23 lhi' liit;' ,,-~n,,-od ,he ·saddle ,,,,," by some;~,., load i' ,wung wi'h k",-" contact
mirlimi<irlg m",",,,I., luree in ,he rock.

Ihi, pnr.ciple into lining 'echni'l"e ,horl\ll,l dept,,<i on 'he r.te of incre.,. in spin.1 "ress, ,n.
""gnitu<k I)f pt.k st,"'...nd it> d,,"'tM"'. n""e ,'i,,-'O<Io;t;<1tl' ",.,.ni that "nder f."eT I".d·
'nl( the ti,su", 00 not h",. tim. to dd"nn. r..-e" ~·htn <he ""I("i,u<k ofth. fUn'e i' high. In
thi, ""r lh. cntical b'd, of ti""e d.form.tio" ""lui",cl to <">II,. d..",ll" .re not re"'he<.!. Btlt
I(wen ,..nabili,y in ""lx",,,, tl) k,.d "te anxMlI( the ti"",e;, ",d anxMlI( i"ili,'idu,I,. nl) sp<'Cifie
gui....n'" I'rtnJninl( to .tt".] k..d !":lte ""n br offered her•.

"1'11. in'''''clion to .I"'ap lift. 1000d S1nc.,thlr mar not in,·..i.l~r ....uh in the Ie." ri,k of
In,,,')'. In,""-l, " i, ["""ibk '0 shllfulJr '",n,fer ",om<nlUm to an a,,'h,.,dlr pl.",d ohjert 10
posjtion lhe Io.ad d"'e to the bodyq"idJl' ,tId "'i"i"'i" lhe e.Wnst:M" torque req"ired to suwon
the to.d. In .,!dilion. tiss"e ";sroeb,(;,;i'j' ",n he p"~e<:ti\'e durinl( higher lo.d Mes, C1<>rlr.
~Iocinl(tho o>fon"", momon' ""I"ired k> support tho h.and hkl i, I"",,,,..nl in ""luang 'he ris!:­
0( ;njlU)'; lho hest "'''r to ",-""nl'li", thi' i' to k<-q> th< load .. dos< II) lh. b<>dj' as l"",iWo,
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Is There Any Way to Make Seated Work Less Demanding
on the Back?
i'mlonge<l,;ning i, I'",hk"..tic lOr the h>c~_ UnKM'f1J,,"e1r. ,hi, f.oct "",m, 10 he t.,her\U1m"",n
in the "',-'Up"io",,1 ...o,ld, n-.o..:, m.""'''ring from b>ck inlu,i.« ...ho return to ",ooifieJ work
.... of'en gi.'o" 'Iigh, du'ie<" In., in,,,k. prolonged ,iuinl!'. \\'I1a. such Julies ore flCrtei",d "
heing '''l' on ,he b.d. they c;ln he f.lr f",m ,h.!. hen though the .en,ming wnrk..- "'Ie, In..
,Itt: nnnot ,oIem. sitting, 'hot in !X~ 'he would he '''''''' romfor..blc w.lking and ",-en lifting.
she is >cruS«! of ""h"g..ing. This is 'he ....."1, of • misunJtlSI.ndinll' ofsl'Unl! m<:eh.nics.

$;/1;"8 Stwie5
Epi<lem~~.1«'ide"", p",..,n,ed bot \coJe,n.n. ""n";"",,, and Tro"p (1'190) <!ocumell'ro the
;ncr.",-,I risk ofd''''' ",,","'bon in ,IN"" who p<rform ",tonto!)' ~>hs eh.rxteri"",ll>y ,juing.
Known mtth.nictJ d""ll'" """-'",,,d with the ",...d p:><tur< ;ndude the full""";"g:

•
•
•

•

loc'l'C"'" in ;",...di",.1 pte_te when colllj,.rr-J tt> ....,ding po'tun:. (N.dllmlOrl. 19(6)

hocrea«> ;1'1 """.rior 'nnulu' .... in (POlk' ....1.. 1977)

Creep in 1"'''0'''''' I"Ni,'e ,i""es (McGill .mlllmwn. 1'191). which ,I''-T<'"'''' .n'oriol'_
l""tonor stiffn.., ."d i'''''''''''' 'h....,,"lj ",,,,'el1l<:'" (Sthult> <t ,I .. 1979)

I'o><.riol' ""l(l'll,ion of the mrthanic,l ful"",n, (\ \';Mer '" .1., 198~). "'hich reduces ,he
m""ha"ic,1 """ntoge <:>f ,he eXlen"" mlc«:Ulatul'e (1'"",I,ing in i"""",,,,,1 compte,,;"'.
k...lmg)

Th"'" chan!",' ,..uset! hJ' prolonged 'i'ong h,," "lOti,'ot,-.I O<.TIIi,.,i"".1 biolllech.ni",
.t1C'"pting to reJuce ,h. I'i'" of illiul)' '0 ""nsiJer <he dura'ion of ,i"j"g ... ri,1: f,etol' ~'h.n
'lesigning t.d ~ork. A recently pl'<Jf'O"'d gllidclin. ,uggested 0 ";ning lim;, of jO minu'..
,"'i,""",. 1" k. aJtho"lfh 'h" pl'opo,,1 ...;11 be 'est'-.I ."d e,..luoted;n 'he future,

F;8u,-" 8,H The "ide.1 ,i";ng posture"
(90" .ngl", ., 'he hips, knees, "nJ
cllxtwsl J"'oiOOd ;n ""'" ....-gonomic
g"idcs. Thi, i,""~ ,be ;,ie.1 ..,.
'ing I"",,,re i''''''' t.... invol...... ""jab.,
poslur",.

S'riJlegies fo Reduce Bilek Troobles
Durins Prolonged Silting
lI'e h.n dc,'e1oped • three.po;n' .ppn,.ch for re,l"cing Mck
troul~....""-ioteJ ...·ith l,rolon!jed ,itu"g:

I, Use on ergonomic ch.ir. hu' use it properly (,-e,l' few ....tu·
ally do), ,',hnl' people 'hii'll: thot they 'hould ,diu" 'heir
"h'il' '0 ere"e ,I-.e ideal ,j"ing IlOS,ul'e, ·ljl'ical1j', ,hej'
"Iiu" 'he choir '0 'hot 'he hip, and kn... ar. hen! 10 <)(f
'nd ,he torso i, uWigh' (sce figure K!4), In f.ott, thi, i.often
;h(,~·n .. ,he ide.1 flO"ure in ",.nj' <:rgonomic 'e~l>, Thi.
may he ,he i,k.1 ,itting ['O'tur.,t.Jl for no longee'hon JO
minu,«~ T'>sue lo,d. mm' b. m'lt"oted from ,i«ue to
,i"ue '0 ,ni"i,,,i,,, ,h. l'i,1: of anj' ',ngle ,j"u.'. accu",u­
l'ling mi.ro'"um•. Thi, i, .",,,mph.heel lor ch.nging
JIO"ure, Thu., on eTgon",ni,' .h.i, "one thot f."ili .. ,.,
.,,~' [>OS'UI" cha"ges o"el' a ".riell "f ioim ,"gl« (see
figu '. 8.11), C.II.gh." '1'1,1 M""ill (WO I0) ,l"cumen,.d
'he "nge of'line posture' 'hOI )",,~,k '}l'i<..lIr .doll< to
a,'Oid fotigue, SOllie h..·c ,hr•• or four l""'ferreJ angles,
Thc prima'y <ccommcn,btioo i, '0 con,inually ch.nge ,he
",m"!!,on the .hair. Mony ~",1:e"""mtinueto hel,,,,,, 'ha'
'here i. a .ingl. be" I"""ure fur si'ting .nd are reloctOn'
!O try ",hers. Thi, is, of c"" ..., ""m.,..,n"., a. ,he ide.1
";tttug l_,.ture i, • ,..TtOI~e one. ,\ lanr emplor"" n,."J to

he eduu'ed .. '" ho.... ,o"h'ng. <hell' chairs .nd the varictj'
of flO"ure< ,hot .re pos,ihlc.
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figo~ 8.25 Good J'O'ture fo< p<olonged .n""ll i. ~ v~,i,l>Ieone INt migr~"" the in'<.'fnal lo.>ds 'm<lfl~

,he various ti.....,.. fussibl~ short·tem1 .iolng J'O',ur~ np"ons .o", .hown

,. C.. , 00' oflh~ ch.i,. The", .imply i, no suhs,ilo'e for getting OLlt of,he ch.i,. Snme
guidd,n<.. 'uglf"" l'erforrningncITise bn,.b while ""let!, .nd 'Une <>1.'0 go os fu" to

"'l!l!C" no';"g ,he ",no in. """m. Thi, i, both ""n",n", .nJ di.."rou,! A res, lor...ok
m"" con,i" ofthe Of'I'O"'e ocri\;I}' 10 ",Iosee ,he imf"'Kd ""'''''''''. Ex..n,"'n ,eli...·.,.
I.,,'eno, .n"ulo' str<,," bu' mu", flui"n while "-",,,I iIK..-e."", n. The """."men,I,,1
lore.k tho, .." h"'e d",·do.,,,d it"""'<s ".r>tIi"g fr.." the eh.i, .ud ,,,,intoini,,!!. r<:l"et!
".n,ling [lOSI,,'e for 10 to ,0 -'CCOI\d,. A' ,hi, ...go. ,ome m'j" choose '0 perf"",, ned
,,~I, .n,1 ..rn wio,lrnill, '0 rd;".". n<x-k .nd ,1><"ld., ,1r"'Jf1,f"u from thei, ,ksl """k.
Th. ",,,in objn...-ive i, to I,,;, 001'1< ,io'" to olio.., ,e<listriho'JOtl of,h. nud"", .nd red...."
.nnuLl, stre..." The peroon ,hen ",;oes ,he ."n,,)I__er Ih" he,,1 (see f1gu", ~.!6, a-<).r>t1
thcn pu,h.. Ill< h.",I. "I"'~,d 'o.he ceiling. Ely inh.ling d"'-1>1)', 00. w,lIlind th.llh.
low h.,·k i, fnll~' extended. In ,hi, "-,)', Ih. I"''''''' h.. til,,,, lhe IJock through genlle .od
progre";,.. I"mbor ""ension ,,·itl-.oo, ...."ing been "ughl I,,,,,h.. rositioo ...... ,."'.,,. or
",-co on,le""",di,,!! the a""-'qlt. S<.,,,, w,lI "!!"" ,..... in .h"iT i<~" lhey ""nnot ,..nd.",1
..ke. b,..l: ti,,,)' mo" "Intin"" thrir ",,,et! wurl<, Th."" .,.:ople geo.r.lly will ncod to
be ,f.<>., n ,he Ol~>o"uni,.., fo, ",nJing. For ..."'ple, ,h.~' coulJ choose 10 ",nJ .. hen
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fil!ure 8.2(, "'''.''-1ly tu ,hw.rt ,he accumul>tion of dioc >l'ess<-'S frum 1'",.1008<'<1 ,itring i, to (~I "and (no'e the fofw>fd
."talglC f'O'Iure oft"" obse<v«l.he< ,,"ingl. fbi 'e.:Jch r", the ceiling, "'c~ch f'U'hing ,he h.nds upward••",1 Ie) th<.."
inhale deeply. TI", sequence ",t>cn J"'f/o<med do..... ly CdU,"" • g<'fl1le and f""ll,,,,,ive e'''-....IOn of the luml>;), "'!lie<> and
di'f'<'l. ,he ",,""" oi ";tring.

tho: rho". rin!!, ,od 'I""~"",ding. \\;th ,h<... simrle '>::lmpb. they ~ill ""''' _ ,II<.
''I'I')ftll'''''''' '" j><>rti", ,hi. ""n of 8,.,d 'l'In< he.lth.

J. Perro'TtI.n cx<rci", routln••t 'Ome ti",. io the ""<>rld'j". ,\ Ii,k!.y woold he idul. hut
r. .... thing in ,he morning i, u"",i.. (see the pl'e"iou, guiddine). A good g."..",1 h,cl
mutine .. p,,",,-"'led in the In' "-,,lion of th" MOle

A couple of >!hk~i.c c>::Impl.. ""y pnw;,lo iIl-,igh! "",dL Athle'e, ,,-ho ,it on the bench
l>e'wccn pl.)". (figure 8.17~) or. oft ..... illl""I"'C..! fO< ;mmcdi"dj" ......u",,"g pl-r (Grecn Cl .1"
ZOO!). "[0 help oornb" ,hi, probI."" ,htj' ,hoold sit in ,.11., eh.irs ~-i,h .ngub,ed ",., I"'n,
'n reduce I"",b.., tl ..ion (f'SUIT Kn~), md ,un,1 .nd ..-..meri"",. P"X" '!>pro>inUlelj' """y
20 n"""'e<, In .ddition ~'e ~U<."b'-'" ,he on..,y extre; ..." p<rf"nll.d on. ":.,,..! po."ion, who:1I
'pl>e.rs 10 he for COI"""i""". I'll,h., th." ,d..ed '0 .ny ,ci.n,trlC ''''''n.k.

Some Shorl-Answer Questions
The foJk,wing ~ue....m,.n<! ,hei, m,wers pro"ide f"rtOO guid.:l""" to ,,,ilK'" lhem~ or oc........_
p",ion,1 LED,

• /; it ","'""bl<- /() "'di"",;'. " r<d""'dbk /nyl ofjitlrew! As ",,,,'h os ~'. ~~lUIJ ,11 I;~e

'0 behe.. lh" hight, b'd, of ["n.,,, .... prolecti,.., ~.. I"" I»c~ troujjl"" i, ;..,,,,,.d I~' """.
,h•• ,he h:",'ure i, no' "-tongl)' ,upp<>rti,.." Thi, i, fu, .,,,,,,,,,1 ,e.""", M.ny dini",1 ,ri.l, in
~'hich ,he in'en,,,,,,i,,,, ~-., OOi!!,K'<i '" enh""", [,tne"" ocru.lly <:!lo><o ._""d.., ,h", in,,,k.,­
,enllj' i""",.sed ,he riskof'1~"" d,lm'g<, ~o,=mpl", "'.nj' .""",ed ,h., enh.l'cing.lxlomtn.1
..-,ength ~-.,. guo<! ide> .nd ><1<1,.....><1 ,hi, g,ul hy !""ocrihing ';'_"P """,0:1",,_ Si,_ups will
d.:I"..gc ,he t..d:s of mo,,' l""'ld., 'hey will nO! inc.,-u," b.d hullh, PerIJ.p' ,his hb otT'..! OS
.n ."if'<I jji.sing the Ii,....wte. In,ere"ingly enough, lhe ,oa, """,n, "",Ii.. ,h., h..-e "..d
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fisu", 8.27 W Sill;,,!! On the beoxh wi~, • fl~",<'d lumOO' ;pi"" i' ",...w.".,"'ti<; 00<."", it «e"~"(If c,,,,,,,lMt~ flO'l"'""
di'" bulge (If lX'Ih), .nd it """"'" los' 0' th.. b<."""it> ob!.1i....od I",,,, wo,mi"s "" tr.e b.ld:, /b) Sitti"l! in toll clla,,' with
.ngl,od;edt p"'" willl>elp ext<.'fld the hip' and lurn!.>;>, >p<"",

1>001 ",,,'h. "",.1 <~,drntt t<l deve"", """"'i>tl-""nieulorl)' ...Lili", bon e.erti>tl-h,w ,OO"'n
them to be effi",cioo.. ]n foct. , ",,-iew "f I"",,,·.nti,.., in<""'''''tion, by Limon .nd ,..n -,,,Id,,,
(llXII) ougg"'l' 'h" "oll..,h"."" o>o",i", i, tl>< "'''SI \x.w"rful .....to;1)' for ['<"""",ing """'"
"",ion.] L""k troul~e<. A ,ubi" 'IMne ntoin"inct! "ith he.hh)".nd "i"" ,no<u< p."""" .•Iong
"i'h higher mu",k e"du...,>ce. is prolecti,'•.

• Sb<>uM on. lift or fI"f- .,"'..m. M •• brmling shanJy ilft.r risingfrom hdl The
,n'"w i, no, Recolilho hi<~n"eh.nicsofd'il)' chmge' in thc 'pm" .. di"'hse<l in ch,p'e, j; Thc
di..,. .re hydrollhilic .nd iml>obe fluid u,wnigh,. Thi. i' "'h}' p""l'le ore "lIer in ,~" morning
,h.n ,,'I><n thc,' reti",", nighl, Thi, i, .1", "'hy it i, nHOd' mo", diffie"II 1o henri in ,h" morn"
Ing u. 1"" "ne' '''cks 0" "."p""d ,,, ubng ,hem "If., nigh" the bending .. r<..... "e much
higher 'ugether "'i'h 'he risk of disc d..".!:!", 'Thi, dium.) ,.. ";"ion ill 'rHne length ."d 'he
.hili'}' to flex 10"'"0,,1 h"-,, h.en "'ell Jo,;"me",M. A, p'",'ioosl~' not<tl. S"",,* .nd coIle.g'Ue'
(1m) ~",nd ,he ,tnt'-'l!l"of restric'ing f",,,....-d ,p",,, /I"";",, in ,he morning lr. h" ,-.". .If."';,·"
in ,..thwing '~lIll~Olr" in • group of t.ld-'rouhled I"''''''''''.

• ,'>bouM ,,_Un"d;,p,,, lifti"g .rm,'KY '" retTIlit ,II<lum~1 p><w OT im'<lh" tIN
byJ"'ill~umpJifi..-mn:l"m;'-",/ A, ",ned on p'Ke 95 in "h.pt", 5. thes< """'h,,,,.m' hne be.n
""'~'tl (() be u[)("".bk rru\1O>o1s fOr ,pari,,1l' ,h" bael. \\'hile ,om" >till.""n'pt '0 ,r.in "·torle,,,
It> im"ke Ih... st""egio', Ih<y h,,-. li,de .scien';fic "'Pl.'''' in m.n)' c.... 'uch "r"egi.. will
be d"rnme"..I,

• SlwuM lIN trunk m"",,1IJlul'C INrorotl/rurtrJ /d niJbiliu lbr tpi"r! /v; tlOtM meh:.I>t.".
6, ,h" .n,wer i, gen.... lln.... On l"g" 97 in eh'[IIer 5. "-e n",ed th., .Id"",gh soch 00"'1i,..I"'n
,m[ll"'" .. "ne l"'n.]'J' "n 'h" .pin._ i' i, h".. fi" the spine ,,, I"r ,hi, pri<... u, "nh.nee "';ffueo.
Ind re»...",,, (() buddi"II."d to red",,, 'he ri'k ofo,h", "n,uble bd..,-ior. ]Iow mU"h ,"'-,:m­
l"''''''n;, n"""... 'Y? A, "OlM;n ch.pter 6. in "l(>st "" .. 'uftirien, ".hili,}';, "n,,,,,,d "'i'h
,-"", m"d."",,,,,,,n,,,,froo""".."';""_..,m."he,,, in 'he m>gnitud""f j% ,,, ](1% of lnuim.J
.-olun tl ry "'W~1;'.'" for ,he .Womin, I....11 • "d olh er ." tog'm i,t<. Aehievinll' odd,<l ,Ii Ifn..' in
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'he ,pio< ,hrough oooo",roctiOl' ~'ill hell' 1"""<0' injuries thot COl' oth"".'i", resul' .....<1\ during
,he lilting uf. ".'l' light obi<ct. "",."ing, ur 'jing o",,~, shoe. Of 00""", "h.", ,h.", i, ,It<
1"""n,i.1 fOT "upri", h.ding o.-Iundling ""m-i!!",1 m..ern'! <>T bc1,-icr k..,I.. 'he <»:><"",o"n
"'.!!"'i'ud.... ,,'u>\ i'lCre.... D""'ged ;U;'" ,i"",cs .1", "'l"i", higl'cr bel' of ('UCOIt,r"",io" fU

• .",i,1 "n,,,bl. join, heh"i,,... The n<:<....~' I",.-el,uf<:o<I<,i,,,,,i,,,, wuuld ,lcpcn,) <p<:<ifie,lIj'un
,he ",k ,0,1 the hiSlOl}" of ,he indi"i,Io",I. Th",. ligh'I}' mcon'rx,ing 'he ".hilozing 111""",,1.·
,,,re "I",n e,eftum is. ",.",n.hl" lfIIiddir>c: tilt, .hould h"''''''e ."",,,, ..ie fulk",inl!' ".lIili,,.
''''ining fo< ,I>ose "'1>0 do 00l n","",Il,. ,tiff.n.

LBO Prevention for Emp",lo",y"e,.r~s _
No,.11 pre,..n'ion SI"'''-We> ",m he implemented ">ld}' b,. w,,..kc,,," Empl,'lw<, '()(~ pl.,..
rule, ~'hich i. ""llint.,] lIere.

• E"ro"....gr rrrwk= tu /"",<1;« lift;"g ""d "",* oe '/Hi
kinem"'ir fNttlrnr'. S<~o. indi.,d".l, simply do "'" "",,-e, hencl,
,,><I ~uri; in ""',> th.. 'I"'" !lleir spin"," It.. rtten, "ucly (.' lcGili '"
,I.> l(l(I3). we ""'e,1 ,I." "","ke" "'00 h.d • p',-'l'iu<" hi,'''')'ofh:><,
'roubl", w"'. more likely to .tIo.~" ,notion 1'>tt"ro< 'h" "",ult"J
in higher ,pi". knd,! Ki,i..""ic I"ttem, ""ed '0 he I""crj~d .nd
£''''''''..1 imo "",,"'eo"'"l ",pc"oi'",. (Re"'e",he.- 'he ,,",pre,sion
qllot,-" .,rli"I' "P,:><tio." <l"es no' m.ke perf'-'<'I:: i' m.I.-.,!",m,..
"<,,,.") Sol"" l""'l,lr Ill"" lne,ic...,!he ",,"" ............-inl( mo'io".
,-~'e'Y ,1o,........pe<;.II,· hero'e .!templing. I""icul.,l}' "",noou,
ta,k. E,'en high-pcrfom..""" ..Wc"" "',," ..""in",lIy ''1l'".n'e
,""'ioo' l"ttem, d.iI}·. Soon. ""..let gr<"'l" h','" .tte"'p,,,d to f.1>­
ri...« ,heir own jub-Sf""Cific ,,,,,ining .nd p""etiee "'lui!"".n,. An
=ple of 'h" typc of "ukeT pmfessiomh"n i, ,J,own 01 filfll'"
828, ,,'hkh ,h<:n<... d"",,,,,- sitting ill. "'h",,l<h.i,. N" ..... built
,h. dum",y /Toon ""mbinl!' pipes .nd u><: i, '0 I""etice Oll<:' .nd
"',,..pc....'" p"icn' lift,. Thi, i'p,n of'he ~nr'eTpm,;",;,,,,,li,m
'-"'hit" "",.d in the ftJIluwinl!' ",,,ion.

••

• """,ide prnurti,.. rw'bi~g to f"'-;/i,,,u 1M I""" rn-.nf"/ post"rn. \\'",kcrs ""n,-rime,
h.ndl. m".,i.1 ,h" i, ,ou "'''iou' u' '00 h"",nJuu, '0 hold close 't> ,heir !x>dics, F", ...mple.
11u,.. heen inml,-ed in ""~, in whid W(,..ke" heM dirty m"eri.1 .,,">}' fr<,," the hody to keel'
their shim "k",o, "non"...ol;- lu:oJing their I-ls, Th" wI",;o" ""', to lm"-id,, p",,,,ru"c
oowe.lI, ,t> ",.re "-,,,l.,,' I"ch L""h.. '1''''''' .re helpf"1 if ,he ,n",e,i.l i, ,h.'1' It> f<>s,er
h(~,ling the 1",,1 >g',in" 'he 1I"lo",en,., for ..hee' me"l ""'rl.-.", ruT e..mple, Knee 1"(I••T<'

good lOr """,,"!!,-x1"uri< on 'lot Il""'Jnd. One" ,he ,."mploy".- Ius I"""i<kxl ,he nn·.....~' )""'n~i,,,
do,hi"I!" "or'e.. "'ill r'!!'Jre 0"' the '",rie'j' of "","king IX-'"wres ,ho< tan '1"r" thei, bxh

• Sbu"ld dM"",i~"IIKIt, be prnrrilKJ to m""",,1 mtltrn­
,,/, IxsnJItn! Ch'ple, 9 ron,.in, • ,1>o""'1Ih discussioo of ,hi,

'<>fMc.
• Uplimiu tont"in,,,, ,,"" park"[(ing of '''''' m"'rridll<J""'IT ~..,,*.... ' ""rITs. One" in ,he '\esigo of the ind""ri.ll""""".

""rin!, th" ~,;m>of 'he ,,(,..k.rs i, not coO\icltT<'d. \\'hcn ",nsid­
erinl!' 'he indU>tri.1 1''''''''''', see if l"ndleJ t"..eri.l, <:io be lobi,
con,.i""ri""I, C.n "'W ....t<,i.lhe h,,,(lIed in ,01.11., oon,1I", (,..
on ho",ll,'S "f diff"rent dimen"'''''' S""'''bH''-'' ,he m.tter".,
"",pie., ro"..runl!' ,he <upplirrs to find .her"". ~"J"of I>o<bg-
inl!' m ri.1 ,hat fos,e' h.ndling in • ~"l' lh" ct'"e"'", ,h. hody
~';n' 1lle l'u",h.,inl!' ,kp>nmeot pl.,... role in ,edue",,1!' inju')'!
Bin. ",d <,~,,,iners,.-ith f"lding ,KI", ),el1' if I"m "'"" he ptt'keJ
"'" of ,It< bi n.

r;gu", 8.18 N'......'. piI'i<.-nI c,,"
f>tili,y 1.l>o-ic.I,'<1 thi, dummy '0 j."­
';'-e ,ht" 1",1"-'1'11 lii,s-." ."101"" of
""',.. l·uI""i<:Ml.tli"',
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• Opli",;o~ "",rJtr-- ..." bOT/tits. 1\ l"'-'t"'rI}' tksill"e<l ,cs, bIT'\: rotlsi", of <h. OI~lO>i,.
,ro,'i,y (,n,l COI'se<Jo.ndy ,he OJ'f'O'ite Imding) from ,lut reqtlired by lh. ~>b. F", ,,"''''pie.
,he ""dentory ""',.tary will b. he" """",I by. dyn:unie "'" b,...k The ""Idu, on ,he o<h",
h'tld. ,,-ill be bet,., ",,,,,d ,,-i,h "'" .,Id t><,h'l"" ,,,.,<'1., 'Ine fOIlu,,-in~CXlImpk illo".....'
, ,'iobo"" of ,his principle ,h" ""u""d [lI"id, 11"'* in the I'MOs. opoe...tors in , powe, pl,n'
mo",'o,ed the 1""""« from, ehm .nd h,d to "''1x)tld n> , "gil",ee hOZZ£T on thei, de,1: th..
"-,,,t off .'-Cl)' 10 "tlnu,o< (<<e Ii"".. 8.29. • -J,). 1\' oath bUW:1 i"tc....~1 'hq "uold "o"d ond
""II, ,round ,h. romrol p.nd ""h"8 ,diu""'."... Th""e was no hislo<y of bock ,roubl.., The
nx"" ",""ndy h..",,,,. oI"'~<Ie .nd ,,'O, repbeed ,,;th.n "pd,ted con'rol room. The oJe.ign
lwn for the ",-",..._trol ,oom bebc.-e<l th" ,i,ing from the ..h.i, <>1:1)' 10 "tlnut", ,,'O, 100
",.nUO<l'- Conseqoendy. the ioI> ",,, r<:<l"';gned so th .. the "l"'rolOrs "-'''' ,ble <0 ' ..y ....'ed '0
pe,f",,,, ,Il of"'T"t;on<. Th.,.. oper""" ",,.-1:,,,1 12_hoor .L,It>. 11>,;n8 '00 "-orke,, sit for ,hi,
I"'riod of tim. (.nd "",,,,,,'ing ,t.< ocetl to ~ .., Ou' of the ..h,i, rcgol"ly) ITsuh..-J in .n m,".""
in 10,,' wck [><ObI",n .. The [10"'", I~.nt then ~ired • """"ilin8 [lI"oop "he> I'<:CQm",.nded ..."
hre,b dm consisted of h"'ing the "'or""" si, on ,n ...rei", bik•. Th. "orler' hods f,iled '0
"npr",'. bu:.u"" the ..,""ult.nl> f.iled to unde""'nd th" the 1"<>' btc',k ,,'u" nor =e.,1>.'e
or ,.pli.... <he for«::sof,he job, In ,hi, " .., sittil\g 0.' bike "'Os '1Ol' hr••\; from .ilting 00,h. joh

• In<'t>h~ ~'*.... in ,It< "X""qmi( pt>«n. D.sign 'e"n. often negle<:t to eon,ult ,,-ilh
,h..."pert 00' ]"rtI..'UI.. ,.,b-------thc ,,-or"" ",t.o n.. done i, fo, )""" Qui'e oft.n ,he work<.,­
k",,,,-, of • good solo'ion. ,nd i, is simply' "'."c' of li".ning 'tid r""il".,h'8 ,h. i,,,,,,-en­
tion. An "LIed henefir, p,y"hoIogi"s d,im, is ,h., ""eke" ... more h\;dl' '0 comply "i,t. ,he
",'e"-en';,,n if ,t.<y """""",'. ,hem""h-cs II' be • ""iu" I"rt of ,t.< o"l",ion.

• [)air "",rk /q b< <''''';dbl•. As .....".'1 1''''''00' e.."'pks h.,-e oIocurn.nted, 'f<1],nul.l­
,ioo of tlssu. SI"'.. i, ,h"'O,,oo by. <h,nge in poSIutc, ""ding, or ""i,'i'l' Hum", beings "-.re
no' ""de to "",form rep<.'titr.-e "ml: ,ho, "",plu,;"", nnly. fe,,' to"",,,. Nm ,,'ere hunum
de"lI"ct1 not to be <t'cwcJ. Re,"".h h" ",..bli""'d ,lu, ,i,sue' .<Lop' .nd "'rflood in n".pons.:
'" Io.d (e,g.. boo.: Coner, I'ilI5; ligament: \\'00. Gocn..,.. ,od Ake.on, 19115: di"" Poner. 199!:
,'.nehr,., Unock""nn, Biggem,nn, ",d f ],I"'eg, J9:l~). 11:>0 liul••ro,'ity eon be" probIem"ie
" roo much. Kn.",er .nd coIk,K"'-~' study (!OO1) strongly ",il\f"",o< ,he ,de. so frt.'l",-"d)'

•
Fi8UJ< 8,29 (oj The ,,''' control room w., built in the 1%0:< ao<l "'luired the op<.ato< '0 stand """fJI 10 minuk" lo
r..'>j>Ot1'd '0 the .igHanee buzzer ao<l make an adi""""-'rt' '" ,he a",,1og in,uu""-'rttation, Th<'t'. w'-'«' no "".--d!>.xl:
troubl..... Ibi Thi, room wa, repl ..ed wi,h • new layout b"oed on ,he rlesig",-",' "'urnplion tM' ",nding ""..'t'y 10 m,nuu."
w.. too """'''''''''' the oper.to" w,.....!oj. ,,, ,it fo< hour,. A huge low !>.xl: F"obIem """"god.
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" ..ed in ,hi, te." ,h" ,hc "'*'" of goo<! "urI; ,joign;, t'IOI 'u ,,,.ke ""Cl)' job ...ic" in f,n,
<ome jol", ,hotolJ he m,rle more Jem,,,,ling fOr optim.1 h.-.lth. In the Kri,m.r stud)" ,w,lent>
w'ho ,q"med low b,d I"in WeTe di.tin!t",>heJ frum thoo.c who Jid not by "'~'er:oJ II,k f:oc~o....
T"" of ,1108< filC'ors ..·.rt

...tching T\' or pl'ring coml>Ute' gam,,, ""'''' ,h", 1 1M",,,, pe' .I,)' (",dent'I))

m"
",,,,,bell going b.)'ooJ f!<'1"SO".llin,i" in spo" octi,ities ('00 much IooJi"&1.

('>00<1 oroJl"tio".1 h.. lth from' 'nuscu!os\;ckt.II"''''I....'ti''. i. ochi''''e<!,,'hen 1""'I'le perfon'''
, varie'rof""ks ,,'i,h "'ell-Jesigned "'" 'eli,'i'ie" .k"'g .. i,h ,11of ,he ""Ii,in",l componen"
....eb .. 1"'1"" nu,ri,ion, .1,..", ",.,L",-" of .moking, .nd "" on. D."i!r" "",k to be ,-m,hk'

A, illustrated in the preduu. <X,mpl...nJ guiddi "'.n'g....',.,," I~';~' role in rNudng
b:ock '"",blcs in w'orlter>, hi•• mi".le '0 ,bink ,h" m gemen' ..I<>e. OCI' 1lCC,I,o "n,Ie",.nJ
,he """nee to juotify ,,!,,-"Cifie in,ur)" p"-,,'en,.,,, 'I'I'm,eh<>, A. w'e >ow pre";,,,,>!y, iniul)' I're~·cn·
,ion in,,-,I,·cs • ,hOt'Oul(h u"dc"..ndillg of the i"dn"ri.II>roces" ,h.....;. in w·hieh !!""x1••nd
m.teri. I, ..... pi' n;!used, p""'ision of proIecti,,, e<t" ipmen" .1'J"'.'I'f"i Ole '" ini ng. COtI,iJera, ion
of the "',," ",d henefi" of in'o"·.n'",,,. ,nd -") forth, ·Jr.,ning of 1",,10 ,,'orke... ",d mm.ge_
m...." <"fl.llres the hest ""ult>.

!!!jury Prevention Primer
"Ii, me b."",,,h,,,ics '" i" full l"un",1 in inju')' pr,,,,,nn,,,,, ..orh... ,nd "npl,~'''''' mus<
h,,·. a reo!iOO.b1e und.m.nding of ,h. """"'p" os w. "nJe....nd ,hem ,odo)'. \\'Oflcrs must
be .d"""ed in ,he hiomechmicolly j""ifi.b1e princirlcs descrihed ... ,lier u,ing e-,,"'ples "'i,b
which 'hcj-':ore f,m,I;',. Arm..'<! wIlh ,he gene",1 priOCll'b, the)",-"n tackle mr ~'" ,nd d,~i« ,lie
he" joillt-<<>n",,,,'ing "'''''!Pes. Th< in..n';"" is ,,, <"h,n..." ,h< i"<I""ri.lp"-,,,,-,,, .nd en,b1e
wo,lers '0 rel;re in goo:xI he,l,h, The bighlights of this eh'pler .re ",m,n.ri'."d here;

• Fin' "lUI fi'...."",t, du;/P' ~....-.l- ""d ,,,,h ,"", IlKi/it",... "ttri.'Y' Perh,ps ,he ,ingle
"'..", in'I'O'''''' guiJehn< .hould I:>e ,his: [)O" 't do '00 much of .n)· O"e ,hit'g. Roth '00 much
",<I t"" little l)"ling >Te ,Ie,rimon.. 1.

"Ii,,) much of .nr <ingle ",~i,,'J' I<,d. tn trt>uhk. Relief of tum"I.",,, ti"ue ,,"''''.
i, ",,,,,-,,npli.hed w·ith Joos,u'" ch'ng,-,,> or, brt,er ;"', ",h.r u.b thot h.." differcn'
",""",!osle",,,I,lem.nds.

II'hil. the 1« nf m,ny joh. """no' be <h,nged, the ",-"killg ",,-,Un..", ",d .rr.ngc-
'n"" of ls wi,hi" • job c.n be design.d scientifically '0 inrorpo"". ,hi, principl •.
Sometimes i, i, .. eo,)" .. con,i"".lIr eh"'ging the .irting posture

• During ,,/1 Iooding ',u.l-<, araUl aIally fkx<d or M'" ,pin, and rut",... 'M mmk lU;ng
,Ik hi". (prs",'i,,>~a ~"''''/ ",n'<' i" Ilk ."i",). DIIinK ,bit ha. ,IkI"/"'>ri"K Mn'fits,

D,sc hem;,uo" ",,,not 00'-",-,'-

L'l!'.mm" ca",~" be don..gcd, .. ""-1-'1-.: >!",·k.

The .n<criorshe>ringeffCCl from lig.men' in,'okem"n' i, minimized, .n,1 ,he posterio<
"'I,~",ing ,he" of ,he m",ml,tul-.: i, m,,;miz<'<!,

eo."I""..h'e "",ti"g of lumhor mo.ion ""i" h., .hown i"c"""" in ,01,,,,,,,-,, wi,h
p.'1i.1 n""iOl\ b<11 deer••sed .hili,;· '0 w'ithst.nd oompressi".Iootl .. f,,11 n...ion,

• During lifting, cboou" /'W'a", '" mi"imi,.., ,Ik","di.,. ....."", "" ,lklD", biK.l- (.i,""
Sloop ".. .""", or .",,,,,,:Mtt ;" bt,,,',.,,), b", kt~ ,iN t.~ler"a/1oilJ(/"st 10 Ibt body.

A "e", ...1,pine is "ill m,int,i"",!. b.., '0",e6"'", ,he load con he hmugbt do..-r '0
,h. ,pine w;,h Ix.·nt Imc..", ('qu.' lift) 0' rel:oti,,,lr SIT'O'ght l.n<", (o,U)1' hft). The k,'y
i, k> reJ",,, ,he ,Oftjuc ,h>! hos been .ho"·,, '0 he. Jomin,n, ri,l f...·'ot".
When .xcrtmg foree "i,b ,he h,,,,I, ,..- >hu,lde.... 'I)' 'n di,,,,,, ,he line of ,he ft>TCe
,hrouJ>h the lo..-I>:ock. Thi. will red",,, ,h.........,;.", 'o"iue .nd ,h" ,,,in< lo,d f",,,,
","sci. ron''''''t;''n,
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• (A",iJ... tl!< rt'U".... i...ibk ,_~ Ano,n", '" di,,,,, """,,.,ul fOrces ,hrough ,he low
Iud. minimiring "h<: "",mem 'rIn, which CO""" high ''''''I''es ,nd cr\lshing m"lde In""", Thi,
p<inc,plc sho"I,1 he 'ppli"d u peopl" ",e pulling ~>rcc' wh<'Jl ,~",nmg' do.le, ,'Orn"mmg, .n,1
p"rfur,ning othe, oou",hoId "hores.

• U" t«bnu,u" ,lwt ",j"i""OL tb< "'tual T::~igbt of tl!< Wad I!<;ng Mudkd. The loS'
lifting =sml,le gi,-en in this "h.p,er demon.qr"<~how one ''On lift,n entitt log into ,he bock
of, 'fUel \.of' lifting no 'no<e ,h,n h,lf of it' weigh, " ,nj' I"";'''.

• AII"",.~ fM" tlx dis< n",klU to ·~'1uilil".,,,,." Uga",,,,,, to rq;a,n ss!ffir~ss, unJ til<
""" 0" tb< unnulu. to "{,,aliz<- ".fiN' prolong.,}frxion (~.g.• sitting or .."""ing). und Jo no'
,,,,,,,.,}wtdyrl- ""U/HHS. ~.x<f"ti"",.

After jIIl~"ngcd .itting or SSllOl"ng, "",,,,I time ".n,ling.

Thi. pnn"ple e,m I>< .d>l~ed to " ....v '1'0..,,1 job<, oot ,ome ~t>rkrs do,..,. Iu,'e lhe
I",u')' o{l:oeiog ,u" toY'e ,he tin", 10 ,I""" ,he disc n""leu.to cquilil:>r;o,•. F(If""-,,mple•
•mrob""" ,Iri,,,,~ 're otte'Jl <;>Ihl on '" lift he",!, h,d, irnm"li,tdr .fu..,- ,,;gnific:m'
I"-rio<l; of dm-mg. A ",,'egr for ,hem i. (() lIse , lumbor '"Pl''''' in lheir ...'Ot while
J,i"ing 10 ,he ineidem .., ,h" <heir sri""".re oot ~""ed.Th". i, Cln he rrep<lred (0,
,he 1"",1 ~ith minim,1 ,Ii", eq"iliJ"..!ion (p'" of ,he jill""''' of w,nn·up).

• A,'OifJ Iiflinx IW tpi", "'U"'ul: shortly ajl... ,;,j"xfi'nn b<J.

Fo",..rd·bending '''''''''" on ,he dise .nd hg"nen" .n: higher ,f,er ri,ing fr\COm b.d
con'p<lred ~'i,h 1>".,. in the d'r (ot Ie>>t I or 1 ho,,~ .fter ri,ing), CI",ing di~ '0
1"-'<:'0111< inju",d " k,..,c, Ie,,,), of I.,.d .11d degm: of bending.

Thi, pl"i no;; pie i, pl'Ob1...,..'ic for some oe<:Up<l'ion".",h os fin:ligh,ing in ~ 'hieh ~Ul"",,~

.re "f"'n,ruuseJ rn"" slccp '0 'trend, Ii",. Such w"ri,n' ,hllU1d "or sit in. ,Ioueh"d
l'O"ure ~'i,h ,he ,pi,,. no""d" hcn ,,,,,'cling 10 ,he "'.". lJu, ,.,hor si, upright. In this
~"j' .he spine" ill I:>< best P"'l"red for "",nU(1I1' " ....k wid"),,, , ~',nn_up.

• Pn)tnH atui ..abillOL tb< ,pin'~"nr danng ligb. 'In}".

I ,ighdj' COO)n,,,,,,, ,he ".bilizing ",""",i"ure to) "'me.... ,he ,bel from lhe 'j",om
.nd ,tiffen ,he .p;ne e,..n ,luring IIgbt ".b ,,,,,h .. picking up' pe""iL The e",rri,.,.
""""n'" eh,p",. 11 were eho>cn 10 lI"",,'o ,he.. motor p"'m".

Mild ro<oI,,,,,,,,ion .nd lk rorresp'>I\ding i""r.... in st.bili,~· i"""·... ,h. ""rgin "f
..f.tl' of m"eri,1 f,ilun: of ,h. column "nder "i.llood

• A."id ''':;'''111( and tJK ,jnt~lta~<01O$ g<n""ti"" ofbigb ",·;'t;ul( Irmfan.

h'isting rc<l"""" the in,rinsic strength of ,he dise .nn"I", h)' d,..Wing ""ne of it<
"'l'l'orting libe" while i""..,sing ,he Sf"" in ,he rem.ining fibers unoler I",d.

Sin"" !hen: i, "0 "'u",l. tksigneJ 10 prod.... onl)' ..:i.1 '''''Iu<.lhe ,-.:>Iecri"e ,bili'j'
of the m"",I", '0 r",i" "i,1 torqhe is limi,e,1, ,nd the)' n,,)' not be ,hie '0 prote"Ct ,be
,pinc in ,,,,,,in l""'utc,<. lr.c .dd"i"n.1 '-"<lOll""'';'" I"mlen on the srin. is",b"'n",1
for ""cFl. low '"""'''' of ",i,lm,,!uc f"OdO>Ctiun.
G'IT..~.,ing ",'i"ing torque "j,h ,he sri'" "n,~ i"ed m'j' oot he os I'roblc",,,ic. nor
i, r..i"ing lighd), wililOu' ,uh,"nti,1 to<'1ue.

• flu "'Qnt.nt"", .·JKn .xr<1'''gfiirrc to "dau tJK spinc i<HtJ (rutb«tbau ahrays liflinK
,lw-Iy "nd smootbly...bleb is an jll_p..nd~J JWYmt",,,,du.rou ftc ",any ,i'II.,} "",*",j,

Thi, i" ,kill lh1l """cti""" n...d to h. d,",ek,pe<1.

Th;s -"Mcll'j' i, d.ngo""" f(lf" Ii.. ,,.. bid••nd <fooul,j nOl be used f".. lifting ,hem.

It is I'"'"ihk ,hot. rronsfer of momentum from .he uPI"-'- (nmk '" the I.,.,l con ,un
l1'oving on ,wl.-w"dlr pl.,,,d Iood ~llh"", undue I"",· b",k inmkcment.

• A,,,id pmk>nK,J "trinl{.
i'l'Olong'oJ sitling i••,,.,,,i.,,,,1 ~'i.h di", hem;",ion.

II","" required 10 ,i, fOr loo'g periods, .dju" r"'"ure of,en, mild "I'"' I.." <,'err 50
mlllU'", '''enll the ,pine, ,n,l if I'"'"ihlo. ulk lOr , fe'" minu'"".
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_ O'lf'mize woek 10 !>r<,k up 1_,_, of prokmge<l.ittinl> into ,horter rerio<l> ,h...re
h.,,,... rolewed hJ' ,he ,pine_

o umsiJ,r II>< b<fI on, /wrdk it",ugin. Cu"om;'.c thi, principk for dilkrenr job <10,-
"fi",,'ion, ,nJ OO,,,n,1>.

IICrl.,rs<"go",..Hn ,,-,Jen,"ry 'Hlrk " ..",dd be be>t s<-n-N Lj-' hquen', ",,,.,,lit' hrc.k<
10 ...Joce ,i,,,,. ""'" .ceumub,iOl1,

Woeb,rs eng"l>"i in ,fymmie ,,-,wk m,y he h..1'er ,.",..,,1 ,,;,h longer ,n<1 It""" re..-ful
I>reol:,_

o Prodor J1".'I«tivr rblIbing 10fOittrfiint-ronun.-ing f>Wtu...... PI'(l'l;deco,·.... II, for dir~'

m..",ial hmJlmg, he,,)' 'p"'''' for >I....p "", ...1" mee p'.1, for"""'" who ".....k .. groun.1 k"e1.
• nd SO on.

o Ptwti<rfiinl-<tmun·;ng ki....""rknwt"",.m />I'lltrnS. So",e "m... need IOCOOSI.nJy
relV'''''''' mot~'" pattern< ,n"h " I,,,,l';ng the lumhor 'pine "-h",, lifting .n,1 "".ring .bou, ,he
hip<.

o M"int"in" r"",~ntrJ,kIet../ ~ffifn",.

o Tb<x piJ.!in" may b< rombin-oftr)fl'<islsitnuti~ns.For "",mplc. ",,,nc p<1>p1C ho,..,
Jiffi,....l,y rolling ,,,-cf inlH.-J when ,heir h...b or" l"infnl. N..r1~,.11 ,"On be ,.ug~, to "'''''II''
,hei, p"in .nd "ill .ct,<.",\p1i,h ,hi, to,k 1»' """,t>ining, mon",n'"Hl lron,fer ,,'i,~ ,he minim,l
",-i"ing guidelines (..." figure 8.JO. a-J)_

Fig"" 8.l0 RoIhng",.,.. in l><xl CAn be IAoght 10 'ho!.< who """n'A,n ,hA, it i, too pilinlul ;ltI

....,;"i'~. 1"" 'igu'e ill",,,.,,,, 'oiling I,om ,he Ml .;do to lhe ,igl". (J! While lying on 0"" <4. the
pilt;""t bt....'" the 'orso so Ih.t '"'' SP;"" ,Ioes "'" rwi" ill the ""PO ,h", (ol\ow, (bi lhcn Ih" UW'"
.,m • .-.::1 k'lf a,,, ,.,-, to>gclho.1 with lhe Iuw..- a,co M,d It'If p'yillg off lhe 11<:>00-, (e) Thi, i, p<~fo<",,-.J

quickly """'-'&h to g<.\t""t~ ,,,,,,,,,,-,,,t,,m tl..., will ca"y the pilh"'T IIIloogh ,I", ,011. (di n,., f"'tit'Il'
,hould r>Ow be ","'ing ",,,,,fo<tal>ly o<t ,he other side,

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material

A Note for Consultants
A,'ti"g os. <O!,,,,I,.,,~ I h"" m.o.I< """}' miSl.k~" "',,,,, of ...!tich moti,'"cJ ,he (oll""'in!!,
U!"

o lion', f,ll into the ''''I' o(thinking ,10" roo '''' the "'pen ,n,1 d», yo" k",,~, ~·h.. i, l>est
~>r the ~"ricr< (unl<» )"" h..·c dom' thc ~~l for yur< p,,,,...,I!), AJ~")~ ",os"lt ,h" ...",kcr.
Sl>CC<'>Sful ~Jb incumben" h..·• o.I<"elol"''' 1",,,,,,n.1 ""l<1f.e' fOr work,ng ,h>! .ssi" ,h.m in
O\'Oiding fatigue .nd injury. TI",i, insights or. lho "",,], of ,"'......oJ, of hoi,,,, of peru:.rmin!!,
,he u,k. ."d thoy "." he "cry !,,-'TCq""". Try t<l ",-..."",,,,,.1>,,, ,he",.

o Do not "k. the in",,,,,,~),,, ~>t. """ific ..-orker ,,,rl>.o~m from the l"'rt<:Jing InJU<)'
l're'"nrioo I'rim«, In"e.d, ••pb'n ,he ",b..", biom""h.n""ll"'i""iple i" I.ngu.g< .nd ter­
mmologphot ore f.",ili" '0 ,he ~·orker.

• Do n,)[ lOC,,, onl\' OI' the ""'" dem,nding ",b. Gi,'"" ,he li"ls .nlOn!!' Jille",,,, .., ..
from. ti,,"e Io.d l"""pe<1'iw. f"<)l1 <:0" often ""'.in 1><.1t..- ""11,ion, br con",iering the f"lI
"Jml~etnC'" of c"""ure<. In • .omil.. ,-ein, l1OI1l. "",,,,Iu,,,, 'end '0 ~l<'U' on. 'mgk ,n<~ric

of ri>\; (10...-boek <00'1....""'". (or "".,,,pk) or "'I}' "" 001•• f.....i,nl~eooIu,;on,. Th. "'<1"ge
ergonomist proh.hly d"e, not h.y< ,he .po.'Cir", ,,,,;ning n"""",,}' '0 ",hi""e the best ",Inrioo,
~" 10'" hotk pm"le",•. Perh.p, I .'" bI....'1l si"". in n-.:en' ye.., I .m "ked to am,nl, onl)'
",·h.n o:",,,,It.,,,, poorl)' ron<"i,'cJ e'1!"J!1O'nie '1'1",«!Ie< 10..·• failed, I 'm 1'«J ho I>eoJ<ne
,"",I,,,d whe" ,he romp.:my to"", I.~""i" or other i",,,,,, th" h,,'e ",i,,,d 1he "'~ l1e"'e",be,
,hot ",.ny "Jlu'~lI1' .rc ".ith<']' ,;",p1. nor unidj",c"'~lI1.l.«'Il'mll"", ofp ....r tr.Iining. U", ,he
InjUl)' p"".•",;,,,, Pm"cr os • cheddi" '0 ..~Iuot"",10",1"" JlOIell".1 •.,,"" fur b.ner .nd mOre
ron'l""hen,i"e ",I",ioo.,

o Do not fil<'U' exd".o,'elyo" the m,,><:ulou.I,>'[.1 i""•. lI.'lh... lool: ~... the npportun"""
,hot lie ,n ,,,,h.nd"g ,he ind,,<tri.ljl1U<..... Any m.n.!?..",cn, board will «'COgl1;zc ,h. wonh
of. ",n",I,.." ..'1<0 m,k.. ,he proo::ss ,nor. efficien" produce•• higher-qu.li'l produ«, or
.-.d""", inimy compen..tion """"

o .\ I,»"mem i< "ugh, ""'f< e(f""';"e1y "'h." i, i> "",,,,i<krt<l • rompl"" """'emem ,kill.
Simpl)' "",'ing.n -..pen- (i.e., ~'O\'rsel!}<I.mon<l""e mo«: "W"""i"e ~urk,,,,,h,,iqu .. "ill """II)'
fOIL C.",ehi"g ,h. mo',e,,,,,"' ",d "",tur j""''''' in OIl i,,'e.-.";,... "'''''''' lead. w perform",,,,,
""h.n".",.,,, .nd gr."", ""fet)' (see McGill, 1006, fOr • rull ",,,,,,iew of ,hi, ]l1'OC«S),

o ~in,II)', n'''.... m,ke. rcco"'mend><io" ,h,t i< not f.. ,ibl" to i"'plemen" ~'h",her f"r
'noneury or .ny other reo.......

Reducing the Risk in Athletes

"'thlet<,,; and tea"" (rom a variety of 'PJ'l'ns alli.itie5--frorn world-cia" prok,,<Jonal,
'oa""'tev,.-!lav\" IOV£ht my ~""ic\" as ~ low bock inju'l' C()ll!,lJI1~Il1, In ltlJny cases1heir
bad barb were endi ng their careers. Bl1\ a, we h.,,,, """n in pteeeding chaplers, "'(1:""
in <lealing wOlh bad back, requi«,,; efforB to ad<I"", both 100 ca..", of too troobl", and
the most appropriate rdtahilt'atiV<.' therapy, In many <as<.". addressing too ca"", meam
,hJla,h""", had ,<) chJnge ,hei, 'echnique. Willtou, exceplion, they had lO change the
way ,hey tra,r>ed. 'their back, were brNking down lor a ",ason! "', load, applied to the
body reach worId..:lass 1<'>'l.~S, mchmque must he imflt-'l:C3ble, Techniqut" fur a1hlt~... are
well c~ed in my other '\"x,llOOk, Ulri"'a", BJ<;k FiI"<"S$ ""d P('flQrm""ce 120()(".
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CHAPTER 9

The Question
of Back Belts

This ch.pI''1" ""ill foc\,s on <x'Cup"ion.lbel, use (.rt "Il"ce 9.1. 4..... fo< d..e '}T"",llypes ofbel"
u""d .n,1 ,,,,,ted). R,",,!ers in«,..",tod in ..hletic use ofl>cl".re ",fcm.~l '0 Ultim4U &ek Fitn'"

4nJ P+m4nr< (,\\c{;ill. !0(6). Aft,.,. r••dm!!' 'hi' d"pter.}"" will be .W. to ",.L. ded,;;"",
"" ",'1>0 """old ""e" • belt .nd to justify the guidelines for ,hcir p'"scrip'ion ,0,1 use.

Issues of the Back Belt Question
The ,,'erage I",ieo, mu", he coof"""d ""hto oh.....ing I>:><h Olympic .,hle''''' .",1 b.ad-iniun:d
pcople we.no!!' .bd",ninal belt.>, Snc,..) rn,., '!l" ] c"ndoctro • ",..;cw of 'he eff,'<."!, of belt
w.aring (McGill. )993) .nd 'om",.ril.Cd "'f r."di"lI' OS follow,"

•

•

•

•
•

1l>ose ",."" h...·• ".....r had. I......-iou' hacL Inin')' 'I~...r to h'", 00 .tltli,ion,1 prot"""..,.
bene!i, from ""eanng a belt.
It ",,,,,I,] '1'1"'" th" 'hose ",'00 were miure,] ""hile wearing> heir risk. more "",..re
'njury ,h.n If bel" "TIC not wom.

BcI"ul'l"''' 10 ll"" l"'OpIe the perception they con lilt more and m.y in f>Ct e",l:>Ie ,hem
'0 ]ilt n..,re,

Bel" 'ppear to incn.1C inrra-obJumln,1 pre"ore '"d blcM>d pressure.

Belt, .ppc>r '0 ch.nge 'he lilting 5t}·I.. of ,,>me people to el'her ,]ee",.,., the I".d, on
the 'p,n. or incrc»c the lo'd' on 'he 'pme,

,
f~ .. 9.1 ~.I type> 01 belts .,e """,n.oo h,we bc<:<1 '''''ed: (.1 the ic.l'hc< bel" (bl ,he inflatable cell belt. MId

(c) ''''' .. ,,~ch belt with ws".,,-.lc<' Me • jew "''''''1'"'0
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•

•

•

•
•

•

•

I" "'''''''ary, givrn 'he ..""" ."d li,!>OIili... of bel' ~'c,ri,,!!, 1 Ju ,\01 rtt<>'''''cnd them fa'
healthy ,n,li,;d",I, ei,her in rou,ine w{>!"k a' in exe",i", ",rtiOI"'ion, 11010'",'e., lhe 'em(lO"'ry
rre",ripri'>n ,>fhdts> "',}' hdp "'''0 i"<li"id,,,1 ,..orL.,,-, rerum to ~'mk.

,11an"f",-~"rc","f.Womjn,ll><h••nd IUTlIh.ir ""I>p<>n' ""mjn"" to..,11 'hem to i"d""ry;n
,he ,bs<.""" of, 'egu!>lo')' requi..ment 10 con,IOCI ronlrolk,l dinic>1 tri,ls ,imil" to lOOse
req"",,1 of ,Irug> md OIhcr me,I,,,,1 de,;..,.•Ibny d,"m h,,-e h"'en m,de .. '0 how aIKkH-ni",1
hel" rould ",duee m;",y, For ="'I~c. SOme h,,'. '''!>!!,,''ed ,~" helt' perfonn ,I>< fallo"'ITlll'
functions:

Remind l'"''I'k '0 Tift P"'l"'rly

S"l~",n .h..", k"J",!! on 'he ..,ine ,h.. """I.. Iron' "'0 efft"c' af gravi,y ...~ing on 'he
h."dhelJ l""d 'nd m'" of ,I>< "PI'''' OOJ)' ,,'h,," 'h" 'runk i' fk.ed

K..ll.Ucompr-essi,.. lmding ofthe 1"",Il"""'ne t~rough ,he h)'dro"l", act;"" ofi""",.",l
inn-a_aIKk""j",1 pres",re ..!IO<."i"eJ ~1th bdt w<..-ing

Act •• , ,plin" ..d"cing ,he .."ge (>f ""'lion an,l ,hereby de","""ing the ri.k of ini"ry

Pro,'i,!e w,rmth to ,he l"mb" region

E"h..""" propriot"<l"ion "i' IJressu,e to i ....u>S< <he 1""""1.;"" of , ..bHit),

Keduee "'usc"l., f"igue

These id.., .•,,""'gothe.... "illl>< .Mr<:ss<:<l in thi.eh'[II<r. The Ii:~k>,,'i,,!!section ,dd......
<he !cieoce "'!l'-'nling ,he oceop"io",1 u'" cihel" and eondud<.. with ovi.l"""""h.ased gui<ldi"",

Th. 1994 Nali""..1 In,titu," !Or o.....up"ion,1 S.fc,}' a"d 110.1'" (KIOSI I) ""."". "I lurk­
[>I..,e Use of H>ek Ilelts," roo"'ined (ri,ic>1 '''''ie'''' of, 'ol,."n,i,1 n",,,he< of.sO<"lif", "'P'"''
C'"lu,rin!l h-.od bel"_ The "-'l"'" concluded ,hat h.id hel" do or. p'e,..n' iUI"ries "llOtIg
uninJ"reJ w"rke,," nor aIT the")' prot<.'dJ''''!Or 'h<"" ",I", h,,'c "'. been in;Ur<-J. Whilt" thl< i'
gene"II)' ro"" ..en, ~'i,bour pos;,ion ,weJ in 199.1, ",y person.l posi,;"" "" hel, I""",ril"i""
i,>omewh" moee ""~ler,,e_

Scientific Studies
In <he follO";"g ""-1\"", I h..-c ,,,bJi"idcJ 'he "'ienrifl,' ""die' in,o dinic..1 ,ri.1< .nd tho«
'b>! "",,,,i,,,,d l""",,,,h''''''.I, p,ye!>ol"'r,ic.l, ,nd ph)-ooog;c,1 <b.nges from helt "·,,,ring.
Fin.. lly. h.ase,1 on 'he ",-;,!eoce. I "'",,""""nd guideline", for the prescription .",1 "'" ofhdl.' in
",d"stry-

Clinical Trials
M.ny din",,1 'n,l, 'eport,,1 in ,h. literom" "e" fr'"g", ~'ilb method"log",.1 probkm. an,l
",fforeJ fTun the .h,mee of. m"oh,,1 ""o,n~ gT''''1'- no po,nri,1 ~)Ih.·-up, lim""d 'ri,1
d"r"iOl\. 'nd in,,,ffidcm ..mpk 'ize. As • ,e.ul,. 1 ",ill ....'klI" onl)' • few di"k-.I ,ri.l, ill lbi'
Ch.pler. while ><:Lno~'leJging lhe ",t'e"'e difficult}' in .,<c"ting '"ch lri,l"

• Ifdlsb ""J S<k'iJYI", (1 ~90) ,Ii,'ir.\ed ~1 ""Ie "-.'eboo", ~'orke" in,o ,h...,. ll"O"p,;:

A COIl'"~ group (" • 27)
,\ group 'hot """i,'eJ. h,lf-ho,,' tni"inll" """on"" lifli,,!! "",.,h,ni"" (n _21)

A group th., .-.eei"e,l • l-hou' , ..ining ...,io" .nd "'ore la~' h..,k "",hose!; "'hile ..
~"rk fi ... the ,uh,equon' ... mon,h, (n • 27,

In".,d of mlng m<)Te """'''''''' 'Y1'e> ofaW.""in,1 bd,s. ,hi, "....,."'" gm"p "...-I ,""11<....
~"h h..-d I~"C' <Iu, "ert" h",' ,noI<1e<l to ,I>< low bacL ",gion of <>eh indi.-id""l. Gi,,," 'he
ron<:<:m 'b>! helt "',,';ng ~." hn""h"';,,,,1 '" ('use ,he .bdomin,1 m"",l., '0 ~-e,L.. n. ,he
"""",hers mo.,ured ,h. ,h<hnin,1 II",~", >,.-en!!,h of ,he "",kcrs bOlh hefi're .nd .lter ,h.
dini<.-.1 tn.l. The <:-onrrol !f""1f1 .nd 'he 'raming-<>nly gro"p 'h"wed 00 eh'n!!"'''' in .bJomin,1
1I""". .."n!!,h or .,,)' (h.n!!" in los< ,i"'e f'olll ~'",k The ,hird gcoop, ,,-bien ",,,,,i"ed ,..ini"g
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"'d ..'ort the bol", .I"""<d n" d ..,!l'" ill .Worni",1 A",or ><r.ngth 0' acado", ro'e bu' did
J,,,... , ,lcere... in Io>t. lime. Ilo""",,,c. ,he iroc.... "',1 benefi, ,pl'""e,1 only 10 ..xn.. '0 ,ho"e
"''Or""" who ho,l , pceviom low h.•d inlury, \'", 1"~)I",1 ",d <,~le,gu<>(1998) ",,,,,"'-'1l. "miu,
<'OIlClusion in ...udl' of JI Z .i,line h.~.ge h."dlers.

• RtJJtll ,,~d roI1e"t:".' (/992) ..uwed 64Z hlIgg'ge h.ndkrs ",ho .."r'<ed for. mojor
,i,li"e, Th<·y di"idod ,he hlIggoge h,ndle... inlO foo' ,'e>tmen, gn.><'I'"

A ron,ml group(•• H8)

,\ group ,h.. ree.i,'<d o"I}', bel' (" _ 57)

A group 'hot ,,-,,<ind only, I_hum h,d ",1LJC>'iun ",ssi", ( •• IH)

A group ,h.. ret:e;'·<d both • bel' ,nd. l-hou, <doc",;'", """"" (0 • 5;)

Th. tri.II..1<d ,';gh' n"",th" .nd ,he bol' used ....,. bl>ri< "'djlhd'fting belt I; em (6 in.)
""ide pooIeriorlj' ,nd 'l>prO.,j",,,,,}, 10 em (~in,) "ide ,,,,.riotlj', The n:se..ch.... OOIed nu
-"gnjf""nt diff.,ence, 'mong \To"men' groul" fi" 'u",llumh" iniury inciden' ,..,e, "'"' ..",k_
Jo}">. or ..",kers' c....nl"'n"";.", we<. Althuugh 'he I.ek ofoompli",.e bj' , .ignifM,.nt nwnbcr
of 'uhjoecr, in the .'I),,,i,,,o,,,.1 group " ... "u" 1\" oo"'id....'io". 'hose .. 1>0 kg.n ..'e,ri"g
helt. hu' di""""inued 'hei, ",., h..1, higbec I""_d.y ...., iniury inci,lent ""e. In f>c', 5S'K. of
wo,ke" bekmginll 'u ,he belt_",c..ring !!-J'lUl" ,1o.eonnn ....,1 "'e,,,ng bel.. bcfi,,-e 'he end uf 'he
.igh,-mo"th tri'l. Funhtr, .n in"te... in ,h. nu",Ler ,nd ""'cri'j' uflumbo, injuri.. uccurred
followi"g Ihelri.1 in tt.o.e ..."" p",.,iousiy "'o'e 1><lts,

• lUitrbtll "nd ",II~"/{It.. (1994) rondoc"<O<! , te''-'''I"""i,·. stud\' .d,nini>ter<tl to 1316
..nr~~" ,,'ho perfonn",lliftinll octi,'i,iClO in th~ mili,,')·, While thi, "udy reli«1 on ..If·tepurwl
phr,;c..1e'I."u,e .nd inju,}' oUtI o,'Cr":. )'C'" prior '0 ,he .tody, the ,u,h"", ,lid "'." thllt 'he
""" of hoek itt;u'i''< 'h" occurred ...hile ..-ork"rs "'ere "·,,.ring , belt ""rt 'ul»"",i,II)' higher
,h.n ,h~ com of ini"ri", 'u",i"",1 while not weoring • kit.

• Krolt, and roJJ~ag,", (1996). in , ,,-idolr ,er<>n",1 ,tody, sun'ered ,he 10", hock injury
ro'e< of ne..tI}' 36.000 ClTtpk,)'Cti of th" II"",,, Deput >lorc, in C.liforni. frum 198q to 19')4.
Duri"g this "udf period 'he romp.n), i'nl~emen,ed.m,nd",")' bock Lei, use I"-'licy. In;ury
'"'' ..·ere TC'CO,.-Ied. Ie"e" t"'",gh 'he ,utho" c!,im th" belt "'e,ring ",1""",1 the inci,lenee
"f I"... bod in)u,)', ""Iy'" of the d,t> .nd mcthoJul"!O' 'une'" 'h" , m""h "",-,,...uti,,,,,
i",.rpret"ioo ''\OJ' be ....m"'ed. 1". d"••how,h" "'hile Lelt ,,'.. ring reduced the risk in
l''''''gee m.les .nd ,h"", ol,lee rhon j j }'..... bd' "'e,ring ,pl'",,,,,1 to ioe...", II>< ri,J,: of k,w
b><:k inju,y for men working Iunge-.- ,h." fuur j"'l'S bj-' 17% (.I,hoogh tht· "'If" oonfidcn<.'C
i"1<.....1 requi,ed.n ..·.n "-<gel' i"",,,,.. for ""istie,) sigttir,,,,,,,,.) "'d in fl'''''' ..wk;ng Ies.
th,n one ye.c. l-l"",..,..r, ofll"'"."....",..,rn i, ,h. lock of oci~n'if>cmntrolto f~I'T'"out ,he tn,e
belt-....""ing elf<"'t: 'n...'l''' "... no <>""I,,,,ble non.l",It...'c..nng gruul~ which i' <-ri,ie..1gi"en
,h.. the bel,-..'e,rit\g policy ,,'lIS nul ,he sole in,....'e,,,;OI' " II"",e DCjX>t. For """"pie. ",,'er
,he l'"'io<l of the ""oil', th" enmp,n}' incre'''''' the use of I"'lIe" ,n,1 forklift<. in>l.II..1 nul>
fill ""Jtters. imple"",n'ed I""t.,:,-,<lcn' drug 'esting, md mho""",1 w,,",or "'inin!" In f ",
",-""cioll> .n"n'I" " ... m.de to .nh.nce .. fct" ill 'h" <"-""1"-""'••ulture. Thi' ...", , I'rge >dr.
• nd ,he ",,,ho... d...,n·..""li\ IQ, the m."';v. Jo,. "x1"",i"" .n<! lo::,;i"ic<. 1·lo..·c,'." ,lesl~,e ,he
title ,nd d,i,,,-, th" h.d hell> ",due", k,w h>c~ inju,y. ,hi, uncon'n~I",1"",I}' <..nno' '''''''''or
,I>< que<rion .bou, ,h. effecti,·.".... of bel ....

• mm~1I lind roI/e"XlI'n (2(}()()), in ,«ponse to th" hug.l"",,,,,!ion of the K...u' 'nd 001­
Ieo!i"'" (19%) I"1'"' by SO'-'" i"',,""\ ""'"I" ,nd ,he ..odr'. m<:thodologie,1 concern" repliCl'ed
K,-,u. ,,,,I colle.gu<>' ..TIl'" u",le, ,he 'f"",,,,,,,hip,,fNIOSII, Th... """.l'Chc..... h<>w~'<T, u,ed
be,ter "'irn'ific <<>n,rol in u,dor to c·... lu.te on)}' the "ffect of 'he bel ... Sun'eying "'..". 13,8;3
emplOyee< it " ...·Ij· opened ,rores uf , m.;or ,.",il.,. in ~ hieh 89 >lu'e< 'equi,ed em"lor.... to
....eor helts 'nd 71 >t"t<" hoc! only ,'QIun"',y u,." ,hey di'em-cred thor tho 1",lts f,iled to ,.."1.",,,

'he ""ido,,,-'C ofboek iniury d.i"". 11", ""d}-' h" "''','' I"'''''''' 'ho" ,he Knu' stu,ly.

In ....mm")'. diffi<'UI'ie< in ,",,,-,,,,ing' e1inic..1tri,1 "" "1<00,,,1<-<111"1. The 11 ""me effcc.
is. "'-"1Cern. ti i' is diffl<uh '0 ",..,..",. true duuLle-blitld po,,,ligm to ..",k" ,;oce ,t.o.e
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~'ho 'tt<i," kits ",n.inl)' kJ""", "', In .ddi,;on, l"l;i>ticll " .....>tr.in" on Jo ...OOn, w"'''';')' in
"""I"'rions. .nd ,,"'rlc ";7" .", prohl.m'll<. llo...'e,..c, the J.,,. 'eported in ,h. bene........e'netl
dinicll "i.l, ""n"ot '"Plnn ,he no<Jo" of "n;"'"",,1 l"'"",ripoon "fbel.. to.1I ...",ke..-. ,m,~,,,,1

,n " ..n".1 l..nJlin~ of""'eri,l. w ,eJore ,II< risk of low load inju')'. \\'.,.> ",·iJe1\(" ...~..
,h.t thoot .1"",1}' inju".] n",,. bencl,t /Tom b.ll, (01" I1l(1~1etl onh""",) ... ilh. 'e<lllCetl ri'" of
InIO')' c"""""nre, 111",,,,""-' ,..id"""" ,."'. not 'PI"''' to "'I'I,on "ninjo,,,1 ~n.-lc," wemng
belts to 'rou,,, the ri,\; ur injUl)'; in f>Ct, ,ile ri,k uf injury secn" to II\C","'" Ju,ing ,he [",rio<!
fOllowing. "i.1 of 1:><:1, .....,.ring. Fin.II)', "'lne eviJen", ggem Ih" ,he """ uf. I:»et: in;ury
In,)' he higher in wo.-k<t, whn .....,,, hel" ,hm in ..."ck 00 do no'.

Biomechanical Studies
Re",.",he...... 00 h".. "".1;• .1 the hio",.,cl"n;",1 i",...., of belt ...·..ring h,," fneused on ,pin.1
1On:''S, intn·.hJumUt.1 p"'''Off (IAI'), lo.d, .nJ ,..n!/" ofmotion, Th" ",os, ",fonn.n," ,roJi<..
• ", ......ieu'eJ in ,ili, -oon,

lAP imd low Back Compressive lcud
l!iOlllech,niCiI "udi", h.,·....mint:<! chmges in 10...' back l:.inen",i.c-> ,nd f'O'Iu,"" in .ddi'ion
'n i".... of """,iii. ti""" I<"ding. '1\"" .<tu<!ie> in 1"'J'ticulor (1 hnn.n e' .1., 19~'J, ond I..",d""
IlunJIc)', onJ SimOilton. 1991) .uW..wl ,Iu, ...,..rin!!, on .Wonun.l bel, ,..n 'IK"'''''' .hc
",.rgin of ,.fc,)' during rel""i,i,.. lifting. Both of the", 1"'1"'" "'ported ground ""ctiOl' lOn:e
",.I "",.,uredIAP while ,,,hjc... ,epe""Ur Iift<~1 h.rheJl<. lluth "'port., o\>s<r>·«I.n iOCTe.",
III lAP in >uhj"."tl ~'ho wo,c .htlun"n,] be"'- Th,..... " ......,.clt"" .."'mcJ th" LAP i•• good
in<!i",,,or of ""in.lrotu:<, ....hich i, highl)' ""n.nOOu•. ",,,,,.,ltd..., ,her ,,,,,,ned ,he higher
.........".,]ings of lAP indiClled .n inc",.se i" low I»d- ,,,pport ,Iu, in thei, "i......· iu,tifi"l ,he "<c
of belts. "'.ithcr >tuJv """'"Ted or ""k"I.«'<! '1'11I.1 h>-.,J.

s.,.'"r,1 ,,"oli.. h":,, 'loO>lioo1Cd,he hll>uthe';>.<J link h"'~'""n eb~,ro L\I' .nJ ...Juction
in low h.d 10;>'1. Fo, .",,,,pIe. u<ing.n .n.l)lic.1 n""leI.n,] '],1. roliect..1 from ,h'ee ,uh.
......ts lifting ,.•"',", mogni'mk> of luad., ,Ilteill ",01 No.."un (19117) 1)1".",1 ,lut • h",ldup of
lAP ,equireJ .ddi,ionol ,ni,~,iOl' of ,he ,nu>Cul"u ... in the .Woon;n,1 ,,·.11, ,esul,ing in a nc,
iOCT<.se in lou' hock con'p=<i"e 10;>01 and not • net , ..luetion of 10>.1..........eher-< h"ll"'e-
", slr ''''... gh,. In .Jdi,ion, Nxhcm,on on,1 ,-",~Ic.gue' (1\1&6) puhli,hetl '0"'" "'l",nmc",,1
' 1" ,h" di'e<.llj· m,,.,,,,-.,J in....di<eall.....'.tr. Juring ,he I,orfurn..",:e 0[\'.1:»1,.. "'."c·....e....
<Ioru"",nt;ng ,h.t .n inc,...... in IAI' i""re.setl, t>Ot dec",.setl. ,h"lou' !..ck COI"p"",i,.. Imd.
The",fore_ ,h" mnclu"o" th" .n illCTC... in lAP ,1""'0 heft ~'e",ng ""1",-",,, COIn]>""";,,, Ii",!
on ,It. 'pi"" "'n" "rren""",, In 1'0"" ,orh.n 'OCT"... ""j' h..·• 1>0 effect or m.)' ""cn 'OCT".",
,h"lo.d "" lhe 'I~'tc,

lAP .ma low Bilek Muscles
St.,,·e,..1 <tuw", Iu,.. j"" '0 ''''' ,he bd,ef ,h" lAP .fft."". Ii ..., h",k ..'ell>o.- ",,,,i,,·, ,1!cGili
.nd <'OIk.gue. (I'!90) =",i""J lAP ."d "'l""lectrie ."ki'l';n ,he trunk m"seul"....'" ~·hil•
... m.le ",bjecl' perfonnetl ,..riou, 'n"" of lif" eilhe, ...·e.ring or not u·e.ring .n ."'lomin.1
hel. ('l17<l.h 1",1t with lumh.. '''I'I'0n >t'l~' Ve1crn "I,. fi". cinching, ",J '"'l"",tk'" fi". whe"
>ulojocts ,,'e'e not lifting). \\",ring ti,. belt i"'-......J lAP 1»' 'l'I't'U1i,"••c1j· 20%. F"rther, the
.",bon h}'po<hf<i,-«i th" ifJ,.,ll, ...·ere .hle to hell' 'uf'll'Ol1 """'" of the k,..., back ox,en,.".
,,,,,,,,enl, """ "-'lUld e'I""-l ," me.""e. ,,,Iuetion in exten,o, mu,,-"Ie '<:1;,i'r Ther. " .., no
ch,"!l'-" ,n ",,,,".Wn hd. of ,he low b",k e>ll.""'" or in '''j' of ,he 01"10,,",,.1 "'">cb ("-'-1"'
.Wo",ini, or obliques).

In • study ,Iu••",,,,in.,1 ,h. effect of hel<; on mu,,-"Ie function, Reyna ond coJl....gue' (I ?\IS)
....,nin,'<! n ...bj<,-" fu, i>Oln<~ri" m' 1:»"" eIte""" "",,,;;th ",J ro"nJ belts 1>toV,J,'<! no
enh.ncement offuncrion (.lthough this >tudf' ""," o"ly • fou,-<I'J" ,ri.1 ",d did ''''' e»",ine ,he
effect, ,)\'eT. "mgec dor"ioo).

Ciri.lIo .nd Snook (l'J\l5) c",,,,i,,,-oJ H mco "'.•,. fou'-week p.".",J lifting 29 mttne
,onn", in ~ hou,., ,u'ice. u·""\; oo<h ~'i,h ."01 ~'i,hou,. bel,. ,\ledi.n frequencies of ,he 10,,'
h.ck c1,'Ctr",,'!-ogr>ph;. >ign.1 (" hieh i, se"siti,.. '0 locol m"scle ("igl'e) ~'e'e not """hfie,l by
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'he p,esence O'r ,,",,,,,,,,e of , l>.>ck kl" ;u"ngthening 'he tlOt;o" 'hot belts do ''''" ,;gnifi<:,nuy
,II",;". 'he Io>ding of hock ",'en"" m"",l"" 0""" .g.in. ,hi, 'n,1 w:I, "'" o:m,I"",ed 0....' ,

wry ~>ng I",rnxl of tnne,

Befts and Range of Motion Restriction

In 1986 un" 'nd Sehnltz ol'''''n-cJ the kinem.tic nl!" of Inmh" nlo,ioon, in ;ubi''''' weoring
10,," bod onl>ooel.. While thej' ""died corsets ."d h = ...,he' ,10,,, .hdomin,1 hellS, they did
'"IX'" ,,,,,ricri<,,,' in ,he "'''go of morioo, .I,hough ,he ,,,,'rieted mo'ioon "-" mi"in,,1 in ,he
fie"o" pl.ne.

In 'oother "udl' ,\kG;Il, Seguin, ."d He""eu (1m) ''''ltd n",ibili,)' ,nd ";ff"",, of 'he
lumhu to....,. of 20 m.1e 'n<1 15 fem.le ,,1,,1, ",hit"",. horh "'hile 'her"""e .0<1 ,lid 00' ,,'ear •
10 <TIl (4 in,) I",'he' ,1xIoo"m,1 belt. The >lJlfn<-;, of the 'ono "," "[(!lin.....nd}· ''''-T<-.<eJ .Lou'
,to< 1."..1bc"d 'nd ..,i.l ,,,'is, "'" w;th ",<.n'lg he)ts bu' <lOt "'hen 'ubjecr, we,e I"Ot.,M into
full n.""n, Th"" 'hese "u,li", seem'" imlic". th., .1xk.nin.1 helts help "",ri", 'he ... ngo
"fmot"'n .lx>U' the lote,,1 bmd .ml .".1 'wi" .n-; I>U, do""" h,n the ;Orne effecr when ,he
'l>fSU i' forced in n",.,,,, 0' In '" ind""ri.llifting si'u.riott.

1'0""'. of ,h. l"mh'''l'in. i, ,n impoe1.n, i,.... in injury I'","en,ioo fQ1" """..I",.son;. In
I..nicul", A,I.n" .mlll,,"on (19811) ,oowed 'lut the comp",,,.,'e ,,,,,,"gth of 'he I"mb" ;pine
<let"""" "10",, P<"-~>le 'PI"",rh 'hc end ...nl« of ,lIOtioon i" A<xion, 'llt""'fore, ifbelt'l re<trKt
,he en,l ..ngo of nlOtion. 0'''' wo"ld e'l'"" ,h. ri,k of iniury ,,, he CO"""l""'dingll' deer••""l.
While Ih. ,p1in'ing .nd ,tiff.ning ><Oon of b.,l" '''-,<U''' .Ix",' ,h. 1""...1I"'nd .nd ..i.1 "';"
.x«. stiffening .bout ,ne Ikxi,~,-<o".",ion ,,-,is 'I~"'"'' to I", k;"

A mor-e """,n, d,.. set presen,oJ hr C ..nm, ,\1".....nd U",'i, (I 997) '"I'I'0rt, ,he not",n
'lut ,orne bel' 'l)'le, >te hett.. m "iffening ,he "><><> in 'he m.nne, ,!e>enbe,1 I"",;,""Iy­
n,,,,dy, 'he ..lie' d"ric bel" th" " ..n ,nel",h'i, '0 the rib e.ge. Fu'then,,""', ,10,,,, .",ltor<
.Iso tIoxu"",nt<d th" • ';gid onhoo;>edir kit gen....II)" 1""",.",,1 ,he lining mO""n, "hil. ,he
d,,,ic helt ge""roll~' 'edueeJ ,pin,llo.ad, Nen"hd"", ,he .ulh,,,, nOl<~1 , ",i,1e "'riel}' ",,,,I..
""~ "''P''n«, (SO"" 'ubjrtt< e.peri,nted IIlcTe,,,,d '1'IIl.II""Jing nith 'he d..<tJ" belt.) E"en
in n"II-eon,mll,d stud;.., bel" 'PI",,, <0 nx>d"I"c lining ",och."ic, ill '0"" posi';'·. "'.~~ in
",me f"-"pl. ,,,,I in neg:uiw ""l" ill '''"",""

Studies of Belts, Heart Rale, and Blood Pressure
II"n'e' ,,,,I coil••!!"", (I ')S9) mooir",,,d 'he 10001 I""... ,e .nd "e.n rote of Ii"e m,le, ,ndo""
[,-m.le pe,forming de.dlift, ,nd OOe-.rtn hench 1'''''''--; ,,,d riding bi"l'c!c-; n·hile n'COring ,nd
no, ,..e,ring. 10 ern (~ in.) ""ight belt. Subjoct, ,,'e'" required '0 hold in • lifting IX,,"u'" .I",.d
of -W'l(, of 'hei, m.nmUlll weight in ,he d,..dlift f<" 2 min,,'... The .nlJiect> "'''''' ""Iuired to
bre"h" throughou' ,he du'>tKm >0 thot n" V,II.I,". dfe" U<n'rrt<l Dunng 'hr lifting exe,d",
I:>IooJ p...."'e (ul"" 15 """Ilg) ."d ne.., 'ote ,,'<'" 00<.10 ,;gnific'IIlJl' higll<l" in ,,,bjoct, "'e.ri"!!"
helt., Gi,,,,, ,he rel.'ion,hip he"'·..n d",..ted <~"tolic hll)O<lp'",,,"e .nd.n ioc"'......J risk of
..,ok, llun''''' ,nd ,,~Ie.gu'-; (1989) mnduU''<i 'hot i",I;"1<I".I, woo It"y h"'e ,·"di",,,...,,I..
'j~,en' ron\proolli", '''' prohoblj' " g"'oter risk "h,n "nJe1t.lJl\g e:«rei", while w,<,ri'lg lurk
"'I'P''''' ,10", "'hen not n·e.ring them,

S"bsc~".n' "",k """I"".d III OIl' own 1.lx"",,ry (Robe. ,",! ,\1£111, 1'196) i",'C>ulI"",1
,he blood I.....u'e of 20 ;,o'"'g "'en pcrfon"i1lg <eJe"'.ry .nd 'ct"J' mild """i<1", OO<.h n'i,h
.nd ",;,000" , hell. (lne hel' " .., ,he e1.stic 'ype n'ith "'>JlC",k", .nd V.lcro "I", fo' eit>Ching
" ,he fn"",) \\hring thi. 1)1'" of lndu,tn.1 h,ck 1",1, "glllfie""I~' ,ocO:''''',1 ,~..,olic bl<x~1

1"0",,"'" during quie, ""ing .nd ",,,ding OO<.h ",i'h 'nd ",i,hou'. h.ndheld ,.-eight, dunTlg
• trunk roo"i"" "sk, .nd d"ring. "I"" lining ,..k. ~\·IJeoc. inere..ingl)" '''gg<;b d", hellS
"""""" h1md pre"",,,'

0.'<..,- the 1"" d«-.Je I h"'e been "ked '0 Jeli>-ct i<'<.-ru,e. and I"nkip", '" ,,,.Jem,c dd",'e
OIl the h>ek bel, i,,,,<. On """,.. Iocr.,ion, oceupotionallllCdicine I"'t<I}nnel It..·• 'p!,roae!>ed
m. ,fter he.ring of ,h. effects of 1",1" on hlood pr<-;,u,e .",1 lAP .nd h"'e <>I"e",.,.1 ",>pieioo,
,10.. Iong-'erm belt ,.-e,rinl(" 'hei' l..ni<tJI" ,,'orkld ••:, ""j'l"",iblj' b" lin..,d ,.-,th ,,""" i",-'i­
tlc"1< of ,.,io,.. "ein, in .!>e ,,,,,ide:;., hemorrhoids, .nd !>e,ni". A' of ,ni, "'ri,i"g, ,he'e has
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bttn no ,,-;emilie .nd 'y"emotic i""""ig>tion of ,he ,~hdi,l'of ,h"", 'ugj,'estiurt>, Rothe... ,h.n
",.il fOr "mng ",ienlific dOlO '0 either len,l "'1'1'0" 10 ,h... i<le" or ,Ii""i", ,hem. il nUj'he
rrudent '0 >i"'pl}' ,ta,~ «,,,,-,,m, Thi, ",ill IIl0o,..t~ ,nulie, in the future '0 ' ...ck 'M inc,d~",-."

.nd 1"''''1lence "f ,h"", p1'e'lsurc-rdoted di",rder< to .,"'''' ",hether tlle~' .re indeed linked '0
helt ",••ring.

Addi,i"n.1 stud,,,,, Iu,-e e",mined th< efft,e~ of belt ",.",ring nn othe, php",A''ll"-,,,1 phenun.
en., Ilobid .nd .u1I..gu.. (2001) 'e-ported h:",·.r "'''''11 <U}-g~n ,,"''''mp,ion ,,-hile Porker .nd
roIl ••gu", (2000) reported rednet;""" in lung "'mil'lion lid.1 ."1,,,,,", in ll""-'l'" ",;th high«
.l><lm";",,1 fot. Iou' incr..",1 ,id.1 ",Iumcs in ll""'P' ",ith k"..." fot_ nAleeti"cll' ,he", <I..,.
",,,,Id h"'e in, pi i•• ,;"", "'g.rding I"",... '",rk "'''' dnring bel, "'emng, (Jf' rnooulotdllung
funCl;"n ,h., ,,'oold impoet. perfomuncc. or boIh. Once 'll"in, ,he effeet of belt ",.. ring .P!"'....
'0 ,Icpend on the eh......'eri""'" of ,he indi,'idu.1 "",h". ",.kiog i, diffocnl, to io"ify. ';ngle.
nni""",,1 bd'-we.nng poli.y 0' guideline,

Psychophysical Studies
Some Iu,.. ",\" ..,,,ed ",,,,-'em ,10" wearing belt> lOste" 'n in..'",seJ "'me of"':ori,l' .10" "'".
0< ""Y '>(I( I>< ,,~r"""ed, S,udies l>aseJ on the l"yd",.phys;e.1 p""Jign' .11",,' "or"" ,,, ",I<CI
"'eight< ,10" ther ..n lift rep.,....lIl' o,ing ,loci, mm ,,,hj<.-cti,·e pe....ption. of phj";'.1 ""..r·
tion, ,\1<:Coy .nd roIle.gues (1988) ....min<d 12 m.k colle!!" "udent< ",hile th<l' "'1><.'ti.""lj·
lifteJ tooJ. from floor ,,, Lnodk height .. ,I>< r.,< of,hr.., lif" I"" tniOok fur. du""ion of
.., minu'e•. Th'r "-'l"'''<0 ,hi, lifting huut thee< .im",. once ,,;.hou' • beh .nd once e>eh "'i,h
....0 different type" of .Wornin.1 bel",. belt ",th. pump ,nd ... bLodd.. r j.><,,-,"00>·1I1d ,h..
d.,tk "r<:\eit I.dt 1""'",,>n,ly de:!crib<d in the McGill. Non"",.•nd Sh.rn" (1990) "od,.. Af,er
"",mining the ,·.ri<;JU' "ugnitn<le. "f 10..<1, th'l ,"I>ie<.~' Iud ..1e<ot,,1 '0 lift in the .hree conJi­
tion'. ,he """.",10..,. ",.",1 thot ",emng belt< i...IT....eJ ,10.. I",d ,Iu, ,ub,..,:t< ",e" ",lIing ro
lif, I~' 'l'P"",i",,,<Ij' 19%, Thi, .,;de"'e ""1' Tend """" 'ol>pO<'< to ,lie tht"!)' ,hu 1><1", gi"c
people. 1'.1.. sen", of ...",,,i'y.

Summary of PrescriJ!tion Guidelines
.\Ij' .arliCtll "'f"'n on b>ek bel" (McGill. 19'1.\) presen'ed dOl' ,n,1 e,-i,lc""" ,10., ""i,her com_
plt-.e1l' 'UI'f""t<,1 nO!' condemned the wearing of .T.kl1nin,1 belt< fO!' ,ndtlstriol ...,wke", Aft.. r
,no", l.bor.,UI)· "'odi...nd f,<ld ,ri.l.. my i>-"i,ion (",~;d ~"be.." i"'I,I<",<n,ed hI' """era I
v-ernmen" .nd corpor.'ion') 1." not eh.nge'!.

Given tho " ..il.hle li'.....tu". i, ""mid 'ppe.e .10" ,he nniYo",,1 preocril>lion of bel" (i_e"
l>roviding bd., to.1I "'orh" in ,n indo,ui.1 operotion) i""-,, in tho~ in,..rest of ll'lolNlI}'
""l"c;ng (,,:,,10 ,he risk of inju!)' .nd eoonpen"lion cost', Uninjured "·or~..... do n,,, 'PP"'" 10
en~'f .nr "M,noml hen<fi, from bel, we.ring .nd, in foct. m.y b< ""posing .hem",I"", to ,h.·
nsk of • nlOre "",-ere injury if tho}' ",.tt< to bc<u". injured, ,\f""",,-,::,. 'he}' ,n.}' h".. ro ,,,n­
from the l>rol~ent of "-",ning th.m..I,·", frw, the belt. 1-10"-",,,r, if .om. inJi,'idu.1 "wk,..
pe,cei,'"' l",nefit from h<h ..·..>ring. 'h"}' oltonl,l be .110..-<,1 '0 ,,·eor. hel, ",n<liti"n.lIy lon'
onh' 0<, ,ri.l, The m.nd"Of)' rondition, for p..",nl'0on (f",- whieh .he" ,houhl b.- no e"'-'l'­
,;"n) ..rc .. follow'"

• Gi,,,n ,h.o COOCe"" "guding in.,,,,,,,-,I blood pIT"u« .nd h<..n ",. .nd i"",,,, ofl ..bil·
il)'.• 11 •• "IIi,l>t« for 1><1, "'e,ring ,hould be """",,,,d tOe c"di,,,,.,,,,I,, ri>l; bj' ",edie.1
persttnnel,

• Gi"en the """'em ,h.t hel, ",..ring m.j' l>m'1;'Ic. 1'.1.. sen.. of """ri'l'. hel, .....,..,..
mnst "uiYe ..duc.'~," on liftin!!, ",,,,h,nies (b>ek ",10001), All 1<10 often. 1><1...re bein!!,
prOOfIOIed '0 inJust!)· IS. quiet fl. '0 ,he iniu'yprOOl.m, Promotion ofbelt,. "",JuClc<l
in ,hi. ""y. ~ ,k,rim..n..1 '0 the "",.1 of reducmg '"lOt)' .. i, ",d,rect< the foe"" hun
,he •• u'" of ,he inJory, EdUC'>lion 1""ll""" ,hould l1I<lull< infon,,,u,," n1l how ,i,,,,•..,
bcro"", injoreJ. ,edtniq"", to minitnir.< m,,,cul,,,~d ... IIo.>Ji"g, .nd ,,10.. to 00 .00ut
f...ling> of ,Ii,comfon to .mid di...bling injury_
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• ('.omulun...n<! d;n;,:;.,.' lhould IlOI I""e-o,:nbe belt< unul tht)' ~".., mndu,:t<d. full
ergonomic """"me,,, uf '~e indi.idu.I's ;00. T~e e<gooo<ni, '1'1''''''''' """ul,1 "".,,,i,,e
""I.tt.ml" '0 COfTe<:Il~.ClIU'" of I~. ml,,,,,,kJ,lel...1f>wTkJ.d .nd pro>i,k soluri"",
'0 redoce ,he e-""''';,,, h.d>. In ,1m w')'. bdt> """uld only bc u><-·d.,. 'UI~)kroc,,' fo,-

• few i"di,-iJ".I.. ~-h'le • gr..te-r pl'''t~'ide e-n'ph.,io """uld bc 00 ,he dc"".kJl"n"", of
• OOI\1l""el><n,i.,. erg.:"",mico progrom.

• Bdt< .hould nOl be wn,;de",d for kJTll!-te-m, use. The- obje,:ti,-e- of .ny Im.lI-s....le- bel,
1"'lg"O,n should be <0 "eon ~nrl<",fmo, the hel" hy in,iSl;ngon m.nJ>t"'Yl"nicip"ioo
in ",ml>T<hen';•.., lim"", pmgr:lms .",1 edLM..'>:m on lifting mee-h,,,i,,,, com!>;ned ~-i,h

e-rgollOln;' """'''lC'Jl'. Funher"",,,,. c""",,,I,,,,," would bc ~ise '" con';nue- ,.,gil..,,,,,;,,
,,,,,,,;,oring former btl, ,,·c ....... r..... perioJ of ,;mc folk>~ ing btl, ",,,,,";ng. gi\'<n th..
,hi, I"'rio<l '1'1"'''' to be eh..,"'eriled by.n eb.te,1 ri,l of injuIY
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low Back
Rehabilitation

ThtS fl<"l of the book f"'.'SCnl. bl'll~'f ",>habiIiWtion 1""<liQ-S I.>.JS<-'fl on
the (!\'idel'l(c d'>OJ,>ed ,n IlI\.'Vtoo, chapt('(5.
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CHAPTER 10

Building Better
Rehabilitation Programs
for Low Back Injuries

The ..-ideJ>C<: rresen,eJ in ,hi, booI< 'ul'f'O"" d... "",.l:>Ii,I,,"en, of 'l'i .... ".I:>ih,y fi"", ~11o~-e<1

(.omerimes) ~- 'Pin. n~>bilit;' in ....". h>ck_inj"red I"',i.n~,_ Al,hough. "",.11 rWI.,m"n
ofp'u."" nceJ mob,hzing in , 10<...1'l'in.1 "¥ion Ii",. ,,00;' l',tic-nts--fto<" tI>o<c looling for
function,1 cnh."""mcn, ,nd I"in ",Ii"fto "hie,,,,, "",king pe,form,,,,,, "nh."""menl-benefi,
fmm ",hili zing ,h. 'Pine fi",. In f,ct, once ".hility is es",hli,h.d .",1 ,h. r,in 'esolv,,", mmy
I"cients lind ,h.. ,n.i, Il.,jili,y Tttu,n; with no fu"hc" in'.",en';'",.

,\ hny JICOIIle d.."'l,,!' had bock> beu"", of "",,,,n'e,,, A,,,... Lifting e,-c" Ct,,,,n,c1y n.,'1'
kwis eon I-.: "'e",))plish<~1 ,.fdy hj-- .,hl"e> ~'ho Iu<'.perf,-,<-~f<m". lIu' "'0''-'"')<''' fl.~-. eou",
"-l",.,.d",. prolonged Iooding ,h;n i, .!>nonn,1 for ,he tiss"e, SO i, 'lowly 1"-'-"Ol"T\e, ",inful,
A helpful 'l\,I~' i, OS follo,,~: If you "'ere 'OJ hi, yoo, ,hu",b ligholf', bo' "-,,.,...dlj', "i,h.
h.mmer, i, would e,..,ntn,lll' l>eeom. ''''Y roinful. In f,ct ......'" ,he ,Iigh'"" ,ouch "ould eo"",
p.in. Th" 'pnpron' ""goif..,,,,,,, "c,-"t> bee'.u"" ,he ti""", .r<: h}l"-'TS<.'1",tittd---flQt be.......,.
of l"ymoso"i,1 n>o<lulo","", The ,iss""" '''' "",,,inu,II\' "hi, •.-ith ,n. h.m",er- 1JecI"", of ,h•
•!:>em"" mo{i"" .nd ""-,,or r,uem,. Pm of ,he ."hili,..,,,,,, 'rrm,,,,h i. '0 correct ,he ,h",.
non' p.ne"", u, litenolly "tol" ,he lunu"e, '~"j"" Then th" ,i"",,, bc.....me b, «n,i,ize'<!. ,he
I'<I",noi'e of poin-fttt ...IJ; i""reo"" .•"d llIo,io" ""um" Thi, is ,,'hI' i, i, .""",i,1 '0 I..rfurrn
'he....peH'i<; exercise I"'in free. Presenc. ofl"'in ,1".-, Ie.'], to ,..rio", ",1",i'I1,i"" 1"'"""""
,he ",in. li'e"l1~ Ie,,,,. n, "li"'r." Th,... mu" I.. mIT,...~.d.•nd ""lui,,, p,i".fr"" mOl;'"" Su.
110<, 't "'OtT)' 'OOu' the c-one'1JI of """.n"g fu"oCtion '00 soon, Thi, ' ....rd. I"'-'gr..., ,\tId",,,
,he l",inf,,1 ,isso"" .nd ,hen "ur~ on fun"lion,

I::\·ille"", I""«n'ed 'hmu¢'ou' dm l..>l< i. "",m"""c" A '1""" ,10<.. not beh,,'e He a kn••
or >houlder. ,nd '1'I'...."'h ,ho, wo<k ",i,~ ,hesc joint>.1'< often not. efft'<ti,'e fur b",,~ ,~e-nI'Y,

Looding ,hroughou, ,h ngo of n"-,,ion-" hich "0"" ",'e11 fu, join" in ,he "",,,,,ni,ies-i,
,he nen""" <of m,n}' b",lJ;. " I••" in ,he eorly ........ of .-eh,hilimion. Doring thi, period,
, ... ini"g fOr ><""'I>'h i, u'uoll\' """""'l>rtxluc""", Unfortun.tel\', the pnrK:iI~"" u>C'tl on body­
building r.",..de ",h.bOli,.,ioo "dinic,1 ",-i><loon: Thi, 'PI,,,,,,,h hypenro"hi.. "'nscle" ,he
"'pe"", ofd.".I"I'onll' full<ti"",1 ",,>tor and moti,,,, ",nem, nee<!..IIQ, opt;m.1 h..I,h. In ,hi•
• h'I~'''' ..,,,r,1 genc-n) " ...",,,,nen,lotion' to ",..ionize ,h. eh.".... IQ, " ..,,,,,ful "h.bilitoUun
.... ,!i"""",.t 1OIl<J,.'.d by "",,,ider,lion, of ,he "'ges of po,ion, 1"'''K"",ion ."d guideline> fo<
de,'doping ,he bes, exe,ci.. regim." for .xh [>'b"",.

Our Five-Stage Back Training Prog,"ra"'m"-'-- _
\\'e h.." d,'Wk'I"-,I. r.,'......ge ,ppn,,,,h 1<' I....'l ' ...;ning th.. b.gi", ~i,h <JU' i,I"",ifj;ng nul,y
m',,'e"'.'" POtion" ,nd end> ~-i,h ,h. "",ien", oehb;ng ohi",.,...hl...ic I",r~>nn.ne" ,.,di­
nes.. Consider ,hi, ,h" "brgc pico:"",,",, only "hlet...nd fl"'.'ple ~-ho I"',form <km,n<ling
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...ks ~ ill oo,"pbe .11 fi,,, ".gts, 11o,..,·....... i, is i"'I"''''''' 10 un<kr>t."d 1ht """[101"''''' .nd
ohiecli,'"" of e;loCh ":OW', logelhee ~;Ih ,heir order, For =mp1<:, potient. ""'y be o"~no~ingl~'

fi,II,,,,-ing. " ... ngthening ,,-wmen (."'gt' 4) wi,hou' h."ng ><Jcce"fully ,<Idre",-~I pen",he,1
mo,ion I"'""n" ("'g'< I). [)ojng SO ~ill dd'J' ,hcir ",",'-el)', or m.le ,hem "orse off. So ~'h"n

'rr""",hi"g the pn>gt':lm, 0"" mU'1 fi"'t ..I; I, ,he ot>;ecti"e I"in ee'!''''lkln ,nJ rehobilil'lion
of pn~~em. ,,,- i. i, "hle'ic I",rfonmnce' Ilul,h ,~>iettin" ,k,ru",1 • hlCU. on mO'lOn .",1
nlOtOf pOllen", ,,,,bili,}',.,,d .",lutoll<e to ..,h.i""" 10" ,i"ue Io.d, .nd • Iow-ri.L e",;roome"'.
P.rfo.-",..",. n:q"i"" mo.-. o.,.rlood, ~'ith.n d.,·at,.,J ri,L n'l"",III' o<curring, The lrid in ,h..
"'.. " lo ''''y "illun 1ht "I,,,,,€>! ri,J:. pos,,;I~,,'

\\,hile.1I fi,,, TIl'jo< 'till':' >l" 1,"eoJ here, ooiy 'he f,rs, three"'~ "e 'I~""l>ri..e for ...,h>­
J:,ili"tioo .nd ore ,doJre-.sed in ,hi, I:>0oI<, Ri!!',rou, "renglh, speeJ, ,nd I""""e ,,,,ining i, ool~'

f,,,- ,ho.. in",,,-,,t,,d in enh.""ing ,he.., ."nhu'... 111<)'.", not n"",led for ,he ....,e.!l" penon to

h,w !!ood hK·l he,l,h. I h.....dJr«"oJ this mor" .<h-.""oJ "hle'ic moining in de"";l in my bi.ok
VIII""'1< Bali H,~",,,~J 1".jiJnff"~",(,006). H.ee i,. "om""I)' of .11 fi,,, ,,,,ining ".~:

•

•

•

•

• S"'gc I: G"""" m'>1'0<1 I""e",.. n",,,,r I""''''''' .nd WITntm: ""ere,,...

lde,,,if~' P<"",rbed I"".m, .nd d....-dop .ppropri..e <OrI'<:ni,. ""erei..,

,\<kl""" bo,oc ,,,,",enlCnt pmem, through to roo,,[:de'-'C1i,-il~',,,edf,,, p."em•.

,\,Id"", l",ic I:ooi,,,,,c c1"II."W" through '0 C(,mrl'" ond specific 1>..1""", cn,'iron·
menl;

Stoll" 1: Build ,,-hoIe-hoo}' .nd "';n' ,,,,bi)i,)' (fOell, un 'I""e ".INli,,· h.ere).

Build ".INli", while 'p'nn!! 'he joint<.

E"",,.., ..,If>donr ".bilitj· roo""',,,'u"'''' to the d"m.nds of the ~•••.

T",n,fcr the pmeen, i",n .ppl .....lk>n during d.il~' octi,'i,ic,.

SlOW' J: I""reo...nd"""><e.
A,Mreos b.»c .n,lu",,,,,,, l",ining In en,,,,. tho ""I"oty 1l"",1..1for ".biliz.alion,

A,I,I"... "'tn'itj'.,.peeifieendm.""e (do",ion, in'en,ity).

Build ,h. bo.. ~'" ",,,,ntu>ll"'"orm,IX'" ,,,,ining (,,,,I~' '" ,Ito.. ,,-i,h ,hi. ",,,I).

S"'1l" 4: Build 'trength.

- Sp,,.., the jooi"", ,,'hil. ",.. i"".in!!, "eurumusrubr roonl""-'''.''' ch.llenge.

S"'!l" j: D",-c!op 'I"",d, 1""'-"", .gili",.

De""lop "I\i",... I"'rfom""". ~'ilh ,he I\:x,nd"ion I,id in "oW" I lhrough 4.

Focus on nptlmizing .Lastic c""'lO' """'!l" .nd r=,'el)',

Employ,h. 'echnique, of ,ul"'"'iffn",,,.

If)UIJ """.".1ht fiN ,"ree ""~, ,,'I>ich .re discu,..d in ,hi, cb'p'tr, I"" ,,'ill und.rstand oow
tn W" hid oocl, 10 ...>pnnd .nd ho"'IO <I,,,,dop l",tteT rch,[>ili,.'if", I''''lf'''''''.

Finding the Best AI!P"ro"'a"c"'h'- _
Gi.'en ,he ""Ie V'rl<,tyofl,,,,' b.d I",i<n"', on< ""nn'" ..pee' to I", w .......fui in k,w bx. ,-.,!u.
INli"ti"" Ilj' "'e..ing 0"<1)""" ,,-i,h. ,he !,nne ,,:okt....:.k fH'>gt':lm. 'The toIlo"'i,,g "",,<gin ,,-ill
help guiJe di"",,1 decision, '" inJi.·id".li.......nd ,hu, opli",i'-e--o:h. eeh.l,;lil.linn prog.-.m,

• Train fiw "-"lIb 1.-n1U pnjinm..,,«. 111< notion ,h" "hiel" • ..., h""i'hy " genenlly •
'''Jth, ., ,,,,,, from. ,,,",,-,,io>Lde,.l '''"''' of d"w_ T",ining for 'u,>eriur .,hleti< pcrfun,,,nee
llem,,,,l..... hsl.nli.1 ov.rload of lhe ",uscles .nd ,i,,,,,,, of ,h. jooinl'. An d",·.,ed ri,l: of iniu'y
.. """">l<oJ ,,-i,h athle,ic ,...ining and p.rfi"",.",,,,, Unh,.-runo,dy, many p.ti.",I; ,~,..,rY< 'he
""-"i",,, u'<Xl by ..h.k,n to onh,"'-e I",rfun"''',-e and ~-rongIJ' mndude ,bn '''Ilj;''!! ,ho'" will
""Ip ,h.ir ,",'n h.ch. 'Ii-.ining for he.I,1> rcqui"" q"ite. diff.",n, phil"""l'"l~ i, ."'ph.,; ....
museie en,lur.""e, mOl',,- cuntrd pcrfcctKlIl, .nd ,he ",.in"",.""" of ><JAicien' .pi"" ."hilitj,
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in ,II ""I""".d ,.s\;;. Wlli1. "",n!flh i, no< , t>'l;<ted gu<l1. >lI'<1\!fIh !>,in, do result. If, p"ie",
"ith hod: lUin ",,., lh,t h"'~*,Cli,.. i, to r1'~' t.nni, ocgolf, d",n shc h.. the "'rong <lion·
tenn '~'ie<-""-c_ Fi"" .nd f<n~"os, ,he '~>i<-,,-~i\"C;, 10 elimi"". p.i". The" the ohj«ti". m.y
<!lift 1O,,-.,d, I'.rfon"..= obj....,;'·e socII ., P'rticil"tJO" in • spedfi.: sporting acti,it)'.

• j"trgnllr prrwmw" """ crbabm"uw" "pp_ba, The I",,, th."'I>r ,igoro",I~' foI­
lowe.1 will not pm<l",,"- "-"ul,,, if,he c'u'" of thc luek t"-,,,hle< i, no! .,~Ir....,.l. I',n II p""ide,1
guidelines lOT =loci"g the ,;.k of lY.d 'rouble">, Rm""ing the "",re. ,h., en,<:,L"", ti!ISUe
"".,Io>d Clnno, hc ",·.",,,,,,,,,1, Li"ton ,nd ,-." Tuldec (l001) d"1>oo"""OO the .«"""'1' of
ex."';", fo.- pe....noon; ere"';", ,>ti,fi.. ,h. ohjec';"'. ft..- hoth b.".r p"".-.nti<", ,rui reh,hili_
u,ion 0...,,,,,... FiT>!...>th pauents ",1I>t is <"""llg ,heiT t",ul~"" th.n "urk wi,h ,he", to

eli",i""e rn. ('ust,

• F.-stablisb" .14<" ""'ti""",,, i",prI>t~_'"i" fiuKtW""oo p"i" ...d"(/i/J,,. 'rne return
of f""eti"" ,,,d r.duction of p,io. l",n",ul"ly fOO" ,he chronic hid h...l.:, i, • ,low fl"'X"">'. Th.
t;1'ie..1p.ttern of "-'COl""'}' i, ,kin ttl ,h. ",od m"ke~ pricing hi,u,,}'. D,il~" .n,1 ",-cn wcekly.
I""'. Aue~ ,ions .,..mu,lI~' ""ul, in higher pri<.'t'S. P.u.,,,. h.... good do)...nd hid d,Y'_ ,\hny
ti""", I." y h".. hin:d pri..... in''',tiga'or> l<l 'mked,ndesrine ,'ideosofl""k·trOUhle<1 people
perft>tming ..,ks ,h.. 'PI"''' incon,i,ten'. I ,m hir.d k' p",,·id. con",..",. Some "f,h... JM..-.pIe
.... ,rue ",.Iingere....nd ge' "ught. Otht'TS 'IT ,;;mply h,,;ns .1(00<I d.y on ,he d.y 'hey .Tt:

'ideo.,ped. I ...,.11 oorts of"lO"",,'en,lUthol~ oonsiste", ",i,h ,heir enrOlli( hi"or)'.•nd the)'
"" ex,,,,...,lte.l.

• Hm', t~ p""',,,, kt.p ~ j<J~rttltl.fdaily "n;"·i,iu. Documenting d,il~' h...k p,in .nd
SlifFnc>s i, """nti.1 in iJelltifjing the li"k "ith m,,<honK:.! """.ri", tlut eJtaCero.te the trouhles.
1"'0 rntiCIi turnp""e"'. should he ret,-,rtkd i" , d.il)' journ.!: 00..' rn. back feel••"d ",h.. to.l>
,nd -.etil'i,ic. w... perro""",1. When p"ient> e""01"".,r rcl"""'oJ ""bach. lhey ,"'~,Idtry l<l
"lcntifj" common,..... or- ,<:t,,'it;· th.. 1"'-CC'It..J ,he lroubl •. Like",i"". e~'en ",hen P"'S"'" is
>I""". palients ,..ill b< CtlC<"'''JO''d to <tt SUO,It, p....'lf'...s nonethel.... \ le"hou' referring 10 the
di'r;; p.>l","" """",imes tlo "'" ""1;,,, the)' ..e iml",,",'ing.

• F.n",... tli< "/J<>Slt;"'. IWI"" in J'roIr"tIl. Ch'l'tetS I! .nd IJ il\lrOOuc. the "Ilig three'
exercises in diffe..nt funn,. \ I'e ,k,,!!"Cd th... ox.rei",,,o 'f"TC the ,pin. of brge 10>,1,.",1 u,
groove ".hillZillg moto<" p'!tL·nu. U", the thltt '0 e",l,itsh • I"""i,.. >lope in 1,"",nt impWl'c­
,"e"t. 0""" the >lope i, e... hlished. lOU "lOy ehuose to .dd ''''''' exe...ises "''''". time. The
p:uient m.y ,o!eMe.!Oltle exercises well .n,1 othe" nor '" "'.11, If the iml"'l,-cment ,lope i.
k", .ft...dding' ncw ..rn'i,y, rem",.. it, g<> h,ek tu the hig three.•nd ..."",bli>1l the po";­
ti,·. >1"1""If the p,,,i.,,, '''iui.., .d,-,,,ced oo;..,ti,·", fOr ..hidi( pe,f""".".... l""h,ps ,pi"e
",,,hilit)', ~.... ""'y 0<101 e>e"';,., to >thi",·. ,,"'" ol:>ie<:ol'e, ,fter e.,.,bli,hing ,he po,iti,,, ,lope.
II"w k,ng should .,.eh "'ge be' There;' no ,inlde ,ns,,·.c fiJT 011 b,d<" Some willl''''lf'ess
'luidd)'. ~ hilt ...h.... ,,'ill ""lui", !!"'" p.tienc•. -Ini, ;. thc lob of ,he dinici.n-tu det.n"i"e
the initi,1 ch,lIenge. '0 g.uge I""!l"''' ,nd enh,,,,,,, the ch,l!cnge ocro"lingl~" ,n,1 to L:e..1' the
pa,i.nt mo<i,'m.J. ",'en during peri<xls of no .pl'.ren, 1'''>gTCSS- Th. we.. din;';.n. Mend k.en
diniCIl skill, ,nd ""pcrien... with sci.ntifie,lI)· lOunde<l guidehnes ond koo",ledgto.

• [ku.."in, rrb,,""1M p.t,im' is ~"illi"g 10 m"h;t <h""f.('. OL.;""s1~·. tbe p.uen' ",u"
eh,nK" the curren, pmerns th.. c.used him to become' wck pat;"nt, Thi, "ill requi", moti­
,.. ,inn. "'hieh i, "'>I.lw.~~ "S;' 10 .".bli,h. Oth.... h"'e li",~1 the import.""" of .n,1 ".ps in
dc,·doping. <lunge Ul '1X>tint.'" .nJ .ttitudc (c.l(.. Roru"-~" 1"'J7~ BricllJ, surh 'I"'-"I!"''''' 1x.1fin.
,,'ith the ...~ti"g of ~Is-------k>te",ml~•. returnin~ tu. 'lx:cioc job or 1""uLi,'ll in • lei",,,, :o<.,;,itj'.
Th. employ.r' ",Ie in enhoncing ""-"i"".,,, is u, en".."" th.. m,,,-lifi..d "",rk is ....i!>bl. togcthc<
"ith <Ix: '~lp"ftlUlit;' f<,.- gndwt<'tl ,,-'ltJrn '" ""I)'. Empie».." <= ,I..)ploy. ruk in ,,,,Jti>...ion II)'
~,...ring • (ultu.. ill ,,'hiclI """kor ""-""" "iust.. u> COI"l"")' 'u<::cn>, ",hich in 'urn hoelps th.
"",ker. The .....n,1 "''-1' in. mOli",,;on p<t>gJ"Om;s to fimnul"e. "".Iist", pion ft" "'>thing
the go.1 e">ubl;,h,,1 m the fiT>! >le1'. It is bc)',,,,d the ",.ndo.. of thi> lxx,k '0 d,-~..k~, the <u",
ponents of 'n,in..ining ."d enh.neing ""Iti"..ion,1 upportuni,ies " deh '''ge of"""",.etj'.

• lHt<nni".. u:hrl,," tli< p.tti,nl ""d, inilis>} mobilizsttirm. \l'hile ""el}'<",e shouid in,-,"­
po<1lte spine ".bili,""i"" .""rrises into d>.ll)" oct;"il)", there is, "",11 group ~'hoo "'ill hcnefi, frooo,
so"'. diTC<',~1 soft tissue ""..k. Thi, m.y inclu<l. m",ipul.. ion, t<igger I",int ,h.e.!'}·, Acti"e
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Budding 6<__ ReIl.>bihta'''''' "":1!!:"... .,..t.ow B.Kk Inju,,,,,

Reb", The"'I~', ,he use "f fOam rollers, 'nd ... <>r'. TIle", ,«:hniques .te 001 ,he fOCus "f thi,
hook A "on! of ,",UPOll i, "'Iuited he..., '100 ",.,,}' m.>!:< the mi>l.k. oft'};"g 1o mohili,,,.
I"",rul "Pine .-eg>:m ,h" .1r<~I,· h.. "~~"Iit),, N,one,helt"" ,here i. !l'~><l ,...i,ic"", ,Iu, ,h"",
with oo<","ented hl1'"nlOl~lit!'"uy be"efi! from SOI"e i"i,;,1 """ipub,io" or """"ili""i",,
"ith. ,,,,,,sitio,, i"to 'l.bili.";..,,, t"i"i"g (hil•• t ,I., 200l).

• CtmM"oI«T"!f/ tism'trrlltm<nt<. P..ic"""ften 1"<""'" ,,;,h 1ot..1m",,-ok 'p."'" .nd
"otId·f..,li"g" loc.1 muscle '''-''u''''' """-,,,il'ed 10;'. good ""nu.1 medicine clinici,n. Fonhe,.
'h"", "P""" ."d Ioc:>I ne"meomp.nme", d.""r<Ic".", ,,<oci.ted ,,;,h brger dpfunction, "f
,he .!""'i>t ."d 'ynerg;>t mu,,:b in'vl,d in. ",,,,-..'tl1enL In ""my""'" ,I><se d)~fu"<:ti",,,

deby rem"e'}' 0' pre".,,, co.., pie.. re<'O'o'.ry. Clinici.n, os<: • ,">n",!,' ofsolt ,i;""" treotn"'n" to
remol" 5f'"<m .",1 ",Ie,,,,ho ,i,,,,,,, ,h" co", ;"'1"',1< .mi"ing more norm.1 mU'Ollor .n,1 ,"n'
run<1i"". Documc'1l,ing ,hem i. "'-"pml ,he ""'I'" of this book, The n",\cr i••"nply .km-J to
,hci, polen,;.1 ,i19.iflC.nce ",d role in ",h.hOli..,;oo,

• A<'(liJ _/'ine "'Jr:", Spine 1"'''''' i, the product of "docity ,nd ~)I':" (po,,'<".1Orce x
I'ek";'}·). Thi. mean, th>! ,he .pine .. """,ling qu,ddy and 'he..... i, "eh,i'}' in ,h. mu",I",'
Ie"~ni"gand "'"""ning, 'Ih'hniq"", ,h" in,,~'" high ,'eloci!}' in ,I", "Pi"e h,,'" l>e<n .ho,,·n
'0 lead '0 b.:ock lro"bI... o. lh.y "",aUj' in<liclle high 1'O,,'.r ("I....., ~~ al., 1993, S'C".""'" et
.1., 20(1), "Ti, mi"imi", lX>W"'- md ",..imi", ..f«y. ,ho force. 'ro"$Inined ,hmogh the 'runk

mu" "" low if ,h. >Pi"" i, ,,"";ng, If <he ~)""'" tnI"""i'<ed 'hTQ<Jgh U1e ,runk or" high, then
,h. "doci,!,' "''''' be 10,,'. The 1>0"'.' "'ust be g""""'te<! ., ,h. hips ."d """,IdeT:< ond be ,ro"'·
mined ,hmogh.n i",me,ricallj' , ..hili."t ">r><I. F"nun"elr. ,hi, ruml.,,,enul 'cnet fOT ",fet)"
.Iso help. to mnimi", I><:rfun"ane".

~es of Patient Progression
6<fo..... "e c.n un.... rt,k. <0 'e">o"e the "Cti,'ities lhot ••"""rh'te 10", b.:ock troubles. "'. mu"
<Ietenni"" whot they .re. Thi, is. eruci.II"" ofthe relu"ilourio")lTI"""'. U""""ring the :K1i1i·
,b ,hat <"u« back ,roubh t.eg.n, wi,h • p.niem i",e,,;"w. SonIC dinici.", perlim" pm,,,,-,,ti,..,
,",ti"g >l thi, lime ,. ",clL The ne'l ch,pte, thoroughly discu.... ho,,' l<J inte"';.'" ."d tes"he
I",ien'. Once ,hi, b.:o, been ,k,,,,,. ,he .-eh,hili"';"n e>n I"'''-"''Cd. The clinician "")" dxx"" '0
,,,'• .-1.1' ,he "al!'-'" ill'vl,'ed ;" ,hi< 1""'''<'>'''' m"do<1 tl,e", in p.... lld. A, all ,ime<. ho,,·e.'.... ,he
objc.:ti,'. i, to ",..bli,h .nd n,.int.in ,h. I"'iti,'c ,101'" of continool improvem.nt.

Stage 1: Detect and Correct Perturbed Motion
and Motor Patterns
Son", flCt'p1" ...... ,.•ry "botl)" ."..,,,. ,Old or. ,ble '0 '001" 0 n"",...) ,pi"e or. fl<:x<-J ,pi". ""
<:<"""",,,d. Others c,n be fn'stMing)j' dueless

Distinguish Hip flexion from lumbol' Rexion
The inili.1 objc.:til·e of lhi, st.go: i, 10 h".. the I"t;"nt ronscio<osly "'I""le hip rolation 'Torn
lomh", nKK,o" "'hen lIe.mg ,he '0"0. Fo, 'he mo,e difli""', ...., ",e '}l'i..lly begin 10;' ,Iem·
on"...tingon o'H'scl"", lombo, flexion I·.!'>U' ro<..ion '''''''' ,he hip', O,~er ,echnique< ,tu, "."
hOI.. found p,nicob.-l!'· helpful .re " foU"""

• H,,'e !,'Oll"I",ien' pl,cc one Iun,1 on the ,ommy ",hile placing ,he othoro.-., the lumb.:or
sorf....." Tho> ,,'.!" the 1"''''''''''' r..,,1 wh<~hcr ,he ')~ne i< 1'lCk•.,] ."d nlOtion "'Kuuriug abou,,h. hip< (_ f.go..... 10.14),

• Some'ime< f"li<:n", a.. """,pi," to bting oo,.h,,<1 ,,·hil. ",ing. pnctice Io>d, The
dummy <v""ruc«-J hl" uu"'" to help ,h,.", ",h"a"" prol'"r p"i.", lifting rnd ,hown in figo.....
828 on 1"£1' 152 i, on ...",p", of sueh • l"~:,ic" Io,d.

• Oth",- p.tien" re,p"",1 well '0 ph<..", of j>COpl" correctly ,loing u,h ,h" 'h,'}' "'ill .Iso
be ",lied un '0 do in ,he ,""or'S< of ,hei, j<>h. or ,hci, el'C'}-Ja)' at~;,·i,ic>. Figore 10.2,. a"d •.

"'''''" "",,"'ples of 'och phoo:os.
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•
Fi~.. 10.1 Fo< people who are OOI·body .wa,c',r><! are """ble to adopt. r>eUIr.1 0<. fk.ed
'Pi"" on comm.ond, ''''wgge<I (.J ,eI>e.,,>i"ll!he "';""",,e......1JlO'ition.Jnd hlp (net lumb.:K:I f1exio<1
",hi" doing'_ bffid> before (bi eJ«'f1i<J<1, ""'b '" lilting ,hi. 'Y,,",.I Cao.di.n ""","-oI>old item.

•
Figu'" 10.2 Sometime< I"">eo" are ".'<:<'1""'" '0 l.lsl<-'!"'CiHc iIIU<lf'''''''' ,00...'08 'l',ne .nd h.p """ures. f.)" reocue
"""k... " .pp1yin~ a rull,ng 10K... to ,he ,ktom with the '\pine flexed. Di"'"""", WII" the ",,'i"'" of thIS I\e"od .p;ne (>0'­

lUre ''W''her w"h one 'MI would l>en<~ >!"'" '"'" <pine i, ,.«)' helplul. (I» "I", di",...sed or" ""...doe poslures wd> a,t"" """,..I lumb.lr po,,,,,,, adopted hoy ,hi, p.ltient p""'oxming cable f>l,II •.

• Il<,fo", (",,-"O!Tn~) 'oJ .rret (o:"r,,-~)photo<, such >< ,1JOSe in fJlfIl'" 1O.J. a thmugh J.
ClIo be c<j><Xi.Il~' ~e1pf"l,

• Yc, 01\01",'1" ,,,,,hoi'I'''' i, to place. stiCK oIong the .j><ne u ith ,he in"",,,,;,,,, 10 ne, ,h.
,,"", fmwHd ...ing .he hip< but m.;n"';" mo'..'" ,,'ith the _. ,n'cr the len"'" of the '1~""

(_ fil(llrt lOA.•-fl, \\'hil. 'his IJtgi", in ,h. chn;", mher, more ""'olde, bend,og ,.,ls ">tl

.Iso help gt'OO"e.hese !"l1em, io,o ,he g<neral """ion p,"ern, used in wor~ ond other d.ily

.ct,,'i';e•.
• Wh.n .11 of ,hese .",'mp" (.il, ,"'. resol1 '0 the finol ,echni~"e; h.-ing ,he potien, per~

fonn the "midnigh' mowmen'" (roiling ,he I"'hi.)-,hi, i, lumhu mono,,. In'et<,>'ingly. ,orne

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material

,
fiSt'''' 10.3 Work<~, rdate tu ""k, wi,h which ,ht,y Are familiar. n,.,.., photos are helplul k>< con·
",ucliO<1 woB:"'" ~ially ,ioc" they can ",adily "'" rile dmc'fef><e bt.~w<,,-'f) lhe la, d incom'CI
and Ib, d) conec1 spine f'O'tures.

• •
r~,. 10.4 Plocing , Sl;,;k .1Q<'g ,h" _"i"" with ,h" in'true'''''' I<> fie, I",ward bu, ma'n'ain cool.><.1 ",;,h ''''' Slid O"'-~

,he I..,glh oj ,he ",ine will help "",;""" ...".r,'l<! h;" rot.t"'" l'Onllumbd, rnucion who;", Hc",iog ,he t",.... 1:>.",,,1<,,, ot
muh""s th", <00 be u«.'<1 a.... W ....g,".1 pl_ 'l""rnel';';' lilt>, (bl ."",,-,, ,h",.,..{ii""""iunill c.ble "...11 """"i_, and (c)
""",il;,;, "'0,1 w<kslhat .r" f.mili,,, tu ,he p.t;"",!.
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"",i."",,.-ho fUurK!,.,. 1"I"f,,1 .,,,,',,r .,soci.ted ""I-"i' tilli,,~ ~'i<h )u,,,lN, noM, (see fi~",

10.5, ••J). Poin,ing ,hi, ",.. '0 ,!>tm of,,," f.dliUtes .neir ",.ling ,he ne>:' 1••1' in <pine position
"nr.""" .nd In hcing ,Ilk to ",lid t~ p.inful IlKKlOII' ond pO.'ur""

0,,,-,, }"OO bq(in to""" 'h" .ny or "-~'eral of "'" ,«-1>,,14"'" iust li"ctl .re helping tlKs<o
"cliff",,,h' p"iem. le.m ho~' to ochi,,,.-••nd "",inUin ""u,ral 'Pine l"J"i,ion during their dail)'
.,~,,'itie.. )"" m.y h"" thc~n .nemp' "Kno ,..I.:> to ",-", if the co""el" of 'h.o neot",1 'rin< i.
bero",ing inl!",h'ed. One soc!> to,l is <0 ..,. the .pine ,n..l and os, .he l"uen' to k'l<>:\; do,.."
an im,ginary 'l'id... ".-'el> in 'n ",,,,h,,.,1 CO'Il<1" of the room. If he loses ,he 1,,"'1.... "«,,,,,1 JlO'"
lUre, po,nt thi, out 10 him on he con c<:J<r<ct it. Ol,,;ously yo" "".,kl mn,in"" 'ri"" l'(";t;on
,,...renes. ,... ining ,..i,h "1<'1>. ""tiCln.

Sollie ['<-orle h"... ,.~~, diff",,,h ,i",. rem.mbering ,h~ rrot=i'·. ~,...I .ri.... I",,~-m.

W. 'ell the.. 'Jl"" "f [",ie".. t"

J. ""I' before .n cxenio<> (perh,1" pr'oor to lifting' oo..""IMJd item),

2. pI",e ,he h'nd' OIl 'he ,.."''''y "'d I..,nhar region,

3, pr-.>cri«. f"" knee he...." "-ith the mooion .boo, ,he hif" ,nd not the I..",har Sfline. , ....1
4. 'hen penonn 'he lift.

Thi, p.....ice i, effect;'.. lOr n"ny people

Teach Locking the Rib edge Onto the Pelvi~

For nuny indi'idu,I" le.rning 1<J he"..l 'he ri~ Uf!" "n 'he 1",1";, i' """''''i,11Or injuf)' p,,-~'enlion
,nd for p"rform,nee-,hco.,gh of000.... "'" for ,II. W. h..·• """doped ..."hing I""!l""""'ion
'lu' i""ff''''b"e for n",><t I"tion" ood "u' "full~'e'l'bjn,~1in .lupl'" J! (["l!" !! J). The motion
I"uern should be ",,,,,,,,p.n,ed t.y lI,e .Woo"in.1 ~r:l<" motor l"tt.rn ("'" figure 10,6). More
"hbi<: ,·."ioI" of ,h. progresoion ore tklOilo:J in J\kGi!l (2006),

Distinguish Abdominal Bracing "rom Abdomini/f Hollowing

M.in..ining. mi Id ,un""""""" of <he .Wo"tin, I",.11 ,.,n .6<>hdp en<uIT "'fficim' 'pine ""bj Ii tr.
Thi, ""'>e",·.r i' "lied .W"",in,1 hoUo"'i"g in ",.,,~. bod .".. eirel.., b", "'e [>refer", ",'o;d
,h" tenni""Iog)', .. i' "'!mOst. '0 most people ei'h« pulling in or I"Jfling out 'he .hdominol

• •

•

•
fitlu", 1&.5 Allowing ,he l""'ie<1t ,,, 1..,1 'Pine (.) flexion .nd (b) .xt<","'" help< ohern ,,, elimi...". the"" I",m ,he "1"".
ing m"tlon. Othef, .gc~ it" by IcJ .>dopting ,he """'''''I' ",rody positlon".nd then Id) ltand,"ll up.
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fillu"" 10.6 (d, />I The wdll roll ~n, wi'" the p.:";"'" in ihe "r!dflk' with boIh elbows p1dfltcd on the wdll Fo;u, i, on
spone dnd hip mol"". gcnc<.lly ddj""tng lhe spine dM h,p po>Me 10 shiti ,he p<1,i, t"""dtd the w.11 in or"'" 'n liM lhe
",w~"" S(>I)l' in spine p<>si,ion .. ;Ih m,nom.>1 p;l;n, (e) lhc aMomI",,1 m"",1eo ar<:: hraced .nd 'hr' rib caS" i, "Iockoo" on
lhe pelvi" lhe pa'i~." pM:Jl' on Ie., boll, ()/ ,he I"",. rull'ng one dhow 011 ,he w.lI. No spine molino is l""mi1l<'<I. lhc\.c
co"~'(,inr,, .", ''1''''''00 ""till"" !,oti<!<It <:.In conlto! 'ho.';, spi"".nd e!;m;notc I"in.

",,11, \\ 'hen lhe cont"'eti"" i, perfonned co<Ye,:t1y, no ~."",ricch.ngc '1 .11 occurs in lhe
,hJ"ooirull " ..II. In o.he, wo,d" .-..he, ttun "!>:,I1,,,,'ing "r d.-.",oog in" the ,1><1"00;,,,1 " ...II, the
I"',knt ';mpl)' ."j,..,t"S tht m,,"'1ts '0 lll>~e ,h<"" Il.ifr. We ,.. n tI'i' ('()ntrKtion "aWol1\in.1
hr.cing." or "",iffening." • he' when "'e .pe.~ of .hOOmin.1 hollo-..eing, .'. "e ref. 'ring 10
,he pulling in of 'he .1><1011\00,1 , 11, di<;cu*~1 in OK"" douil ".,...

Some ('""fu>ion ..ist< in 'he in'e"""l>'ion of 'he li,en,,,rc rog>rcling 'he I""" of .I.oo,nin.1
holl",,'ing ,nd ahoomln,l hraeing, Rich.nlson'. gn>op ollser••d ,h" ,he hollo.'ing (see figure
10, id) of 'ho .1~lomina] ... 11 'ecruit< ,he '",n"",,,, .1~lom;ni" On ,he ",h.. hon,l, on ,,,,m,,,,rie
al~lonli...]lJn"" (sec figure 10, ib) ,ua<~i,.." .., ,he """"-TiC .bd",nini, ",th 'he "«TIl,1 .nd
in'tn,.] oI>liq"", '0 en>ure stability in vinu,lly all ",od", of [lOS,;h]o in>lahili,)' (foke' <l .1"
1m), Noto ,h,t in !>r",ing. 'he " .. II i. ne;,h.. ho~low,,1 in nor pu,hd "Ill. Ilr-.cing al>o "._
!>ili"" the ,,'ine in l><nding ,nd !Wi'ling .. h,lIcnge,. ,..he"," hollowing <10<0> not. In this "-'r.
aWolllinall:ncing i, ",perior lO.bOO",in.1 hoU"",'ing in en>uring""bili,y, \\"h !hi' booclgmo.mtl.
Rid.."I"", .nd roIl..gu'" (19'19) >ugg<ste,1 ,h.. Ihe 'e<:nJilmon' of 'ron'~"T>e oholo",ini. i.
nnpaircJ follo"'"g inju,y. Thi' ilk.. mnai'" """"""""'''01 "' >or"e othe,.. tu,'o ,-ither not "'-'cn
,1M '0 "'rI"""e ,he><: resul'" in peopI. "'i'h b'd p.i" 00 bolh >ide, of <I'e l<,""" or h.,·. found
"I'f".l"te 'e,,,I,,, NOI\""holo;,. the gr<~'p r\c>'elope,l, ,hor-.pl' pmgrom '1c"';gne<11O c"""I""",,-"
'he II">tO, >j-"cm to ",n,..te 'ron,,,,:t>< obcl<."ini';n • no,m,] ""y 10 I"", b.<-k di!lO'tlc, (LED)
I"',i""... Thl' ,,'as the ""si' n:.- hollow-i"lf. how'",'e'. hollow'ing <10<0> '10< "n>u'" ".!>ill,)", Some
din"",] ~il;"""r<n..l' h..,. mi,inle""",,,1 Rid""I"",', .'O<~ lO>ugg<" ,h.. ,hol"min,] hoI_
Iow;ng ,hooldhe ,em"u"cncled to 1"'''''''1> ",ho) r<''lW'" <",h.",,,d ,uhilitl' in mtle, In pc,f"nn
dail~' >et;'-iti... Thi, is "'i'll'Ulcletl. Abdoo,in.1 hraeing. "'hid, ""hOl'" tho <I"" ... I»'ers "f 'he
,1xIo"'inol .,,11 (""em.1 oblique. inl.m,1 ohliq"e, ,,,,n,'--e,,,,, abo"m,,,i,) .ith no "d",.';ng in;
.. m"ch n~"o effe""i>e dun ,1~hn;n.1 !>:,U"",ing " entu"'-ing ,pint: ...bili'}" ("'leG,ll. 2001:
G,...nier ,otl ,\kGin. 2007. Il"",'" e' ,I" In pre>s).

'I"", ooech,nism' c.n shed """" lighl on this i"oe of hollow'ing ,·.rsu, b<-ocing, FiN. ,h•
....1~~Kting "guy ,,'i,e," m: more off,,,,;,,. ",hon 'IK')' 1u.-e a ,,-i,ler lo:..e (see figun: 10.8, d...,).
,hn i,. ",holl ,he .Woollen i' TIOt hoIlo,,-etl. s.......""d. the obIi,!""'IIl"" l>< .ui"e to I'",.-itlc stiff­
nes, • i,h ...ri"';1.,,,,ing .,,,,,s, .'hi<"h "....,,"'1>1)'· <",I.,,,,,,, .... bili,l', Il""';ng cnh,,,,,,, ohliqo•
•et;,'i'}" "'h,lo hollowing inhihilS i,. Tho 10"'1,., tors<> "',,;! p"p..e '0 ,..ith,un<l,l!nunne, "f
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r.~u", 10.7 (~I Hollowing invol...... the ,",c!:ins in of the .b<JOme<, to <IC,jva'~ ''''''ve<se .Worni·
oj,. (bJ On ,he 0Ih<.~ hand, the abdomi",,1 br••:<, >CIiv."" ,hoe three l;oy<.'f' of ,I>e .bdomi",,1 wall
(",'emal obI~ue, ;00",,,,1 obI;'I""_ lfdn,v<v", ,lxIomini.), wilh no "drawing in:

•
fi&,,'" 10.8 fa) Hollowing the muscle> ,educ.... ,he .fz., d the base d the guy wire<, tog<-~f>e< with the inci<k'OCc angle
whoofe they .lfach to the ,pine, (bJ lh" inh<n""ly ,...due..... Ihe<, c"""ibun"" to spine "ifi""", in val;""" rn<>de>, ",hKh
com pro,,,,,,,,, "Pine ".b,li'y. (e) Bra<:ing ,,,i,,, in keeping .. wide base '0 ,he guy wires and (<.'Crun, the obl,'I"" mu«1e to
.uppIy cros._lncing .U"" fOf ...1';1,1)' in .11 axe,

",>ssi~k Io.d.. indu,lin!!" "c..dj"->rntc I....Jin!! (,dHCh ""y be • COl".,!"" ,"n,~in"i(~\ ofAaion­
.,,,ens;"n, 1".",1 h"nJ. ,nJ "i.1 !wi>ting moment') ,n,l sud<kn. une.q>ecreJ rompl"" 10..1,
loge'heT ~'i,h 1",,1, <hot dewl"" from pbnne<ll»lIistic motion. Stiffness .. ""TU",,,I in CI'Cry

rol;;ItJon .oJ 'rlI"sI.,1Of1 >JIJ' 't> dimin"~ the po<sibi Ii 'yuf ,,"'table 1Jc1u,-io<. 1l>e ,bdoI ni ""1br.ott
en",reo; 'uf!"l("icn, ".bilil~· n';"ll",he obliq"" '"f'OII,·braei"ll". ,!though high b'd,ofcocontroction
,re ...rel~· R~luired-l'J'oh,l>ly .hou, .1% m.nm.1 "oIunury COlIlJ'rrion (,\1\'0 cocon'...cri""
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of the .w.::."in.1 ",.11 during d.1il~' .cti,'ili...nd up '0 10% ,\1\'C during rigorous llCu"ity, The
ro';"n' mu" m>teh ,h. Ie> d of eon'TIlC,inn 10 the neo,!e,l 'lOl:>ili<y-lh.r< i, no no.,.) '0 cm,h
the 'plOe "'ith o,-.rron'TIlCtlon.

,\ qu.nuuli,·. rollll'"i..,,, of ,he hollo~' .rtd the bract: i, d ..r1y >tt" itl .n i"d,,'idu.1
,,"n,ling upright ~ i,h lo.d, in ,he h.n,1.<. Simply holto,,-ing c.n ..".. ,h. mbili,y in,l.x 10
drop '0 10'" b'd, or eVOn negoti,'e le.-.l .. which indie., .. tho 1"""i1,iI"y of in,,,bility (,0<
figure 10.9). B,..dnl!' inere.....ho po,i,;'-. ".bili,,' i"d....lu., Tho subjec. in theso fig"res
i, ';1'i,,1 io lhO! ,,'.0 lhough lh. hollo", "'.. ,""gh, 10 '.rgel,he ,,..o,,'e'...lxIomioi,.
• 11 .1"lomin.1 m"",le' ~-ore ac,i,,,,",1 ",hco ",e"",.d. Th", , ..hili,y "'" <rc"ed ",hile
"tor"!,,i"g -ho)I",,'ing" .lthuull'h true b",cillg i, 'ullerio, to ere..< lumb" ".bil"y. If a !rU<
"hollow· is ac<:ompli,he<l ,,'ilh iu" lhe l,..n",<rse .hOOmini,... ,i","I"od in figure IU.%.
_"ahili,y i, 1",,'eomp,,",1 '0 th.. ",ith a b".. wheee the ,h".., I.;'e.. of the ,1..lomin.1 ""II
or< .0t",,,«I. Sm,pl!, hollo",ing ,"u'"', tho ".bili,~' indo. to drup ro neg"i,'< le,'d. when the
Io,d is I')"ed in tho hands, COtnl",,",ing ,he ,pin•. A neg"i,', .,I"e i"di.,,<, thot i""abili,y
i. l'O',ihle_ In «m"'", h"cing mainuin. a I""i,i,. stability in,k" ,.,I"e, oIimin"ing ,h.
pos,ibili,,- fur budding.
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~ "• ,
~ 0.'

f 0.', 0.'
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Snnulated abdorrunalllnIowing v. ab<lom",,1 bmcing
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,<0~ '00
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•
f~ .. 10.9 (.J An e""mple coml",ing the hollow with ,Ive b<aee Ih,gfve< ",,"IIly) in.n ind"idu.1 standIng UI",gtll,
a,,,,, at the .ides, ",i,1> In.>ds pI.<;«I In the !>.loo.. The 1"001,-"" jot p-lli""" rs thaI ;",I ..'ing tcan.v"",,, .Wornini. i, vinually
impos.ihlc. Ih) A "pe.-;"",' hollow wa. croated with .;mul.lIi"", .00 .hown to be signIH<;.ntly inl...-io< 10 !he bra<;e,
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fi~u,~ 10.10 EMG biofcedb>c~

device:< .,. ~n «;ono'l1Ic~1 w~y '0
f"O"oclofe<d>.><k 10 ''''' p>'IC"" 'cg",d_
ing ''''' k:vcl of .bOOmi",,1 ""'....hon
during .ny '\,pe oi iunctk>n.1 ,.,k.
i",m >t.nding on. 1V<>I>bI. boam to
g....'ing into. c.r.

,,.

Teach Abdomina/Bracing
C",,,,,...II;; '0 ,klllon,I"'••hdo",in.l b<-ocing '0 ,he I"'ri"",. \1-' .riffen
"0' ofour Own ",int<. "'eh OS on c1row. hr SJ",u1uneously o,..II,..t"'g
,he AcxOl'> .nd "'ten....... l1Ie II>,i,,,, then ""Ip".. the;O<l1I both
bcfure .nd oft.. \I'e "iffen i,. Then \I'e ..~ ,he p.,itnt to .uempl ,,,
stiffen her o",n ~,;nt ,hrough si",ulu",-'Ou....-ti,-.lIrJ<l <of nco"" .nd
.."ensor>, Once.he COn ...=full)' >tifk11 ,...-iou, 1"'"1",.,..1 ~,;"".

\I'e ,1'''1O/l"",e (.goi" on wr:,d,-.,.. ",i,h po,ien' p.11"'60n) ,he ..me
l«.·hni~ocIn ,he It..,." >ehlC,,'i"g .lxl,.ni".II"",-"W' Fin.lly, we 'g:lIn
..1 her to 't'plicot. ,h. «-chniq", ,n h<1" ,-,~-n 'UI'SO. On,""iun.II~'. "e
use a ['<,,,,hi. dec,rO"'J"OflT.phic (b\lr.) n"",ito.. <0 II.. po,ient ",on
I",m 'hrough h.>rec.lh",l ",h... for nnnpk 5%, 10%. "r ~O% of
"'W'"U'" ,,,,,,,,,.n;"n feel, Ii~t' (Ii«' figure 10.10). \\'c uS< ,i",;["
de<'i= '0 ,e"'" pouen" 110\1'10 ",.in"in ,he COO"'>el;"" ~-hile "".
""IHe Iw",d md in function.1 ,inution, "-leI. " \I'hen piel,ng up'
child. gc,tinl( on .nd off the toil., .•nd I(tlting in .nd ou' of",,.,.

Gil'cn 00' """a",h 0" ,he i"'IIO""""" ofspine posi,ion .~..=,
It> 'po'~ the .pi"" .nd "0' ""perience;n ,..ching po,i,iumng. \I'e
bert,nc in'<=Stt'J in propriocepti,'t' 'mninl( fur the !>:ad. The b,t
,h., I-.'y link e<'ideoc. \I'" "'oibNe '" ,.. lid.. e ,he nO< "fpropri,,_
cepti,'e reluh,limion for ,he luml..c .pin< mori,..'ed 011' recen' ~'O,~
on 'pine [HUI'rioc'1Jtion (Prt'II'" e' >.I" 1005). Tile 1''''1'''S< of ,hi.
~-o,~ ,"'os '0 qll.,ait';' ,he eIT«ts of••i.-~'eel: ",h.l:>iliwi"" prog"''''
,le>igncd '0 illlpn"'e l"mh.c ",inc poI-i'ion sense .ml sitting I,.bnce_
Twd,-e ..,l~,'"" \I;,h. jI"~;OU> hi,,,,.-\" "floo.' !>:ad I"in we", .,-enh'
,pli, inlO. troi"ing group a,l<!. oon,roi group. SulJject> in ,he ",,,,,rot
group =;1·«1 no in<c"'e"tion, \I'hilo ,he .ol~ec" in ,he " ..ning
gn"'p ,",--eiwd • 10-m;nu'e ",h,hill"ti"" ~'" doC<! ,im,~ p''''
~t'e~ <Inl"'••j"ng ,pinc ...bili>.ni"" ,ei"'" ~';,h. nCII,...1'1",1<.
l."m!>.o, spine rcposi,inning e'"", in ~"j poinll:"""hllg .nd silting

h.l...e< ~o the ''''''''''1( group ,)"",-ed .ignific..n' ;mp.m-"ne,,' ,,,'cr ,he "od)'. Th" ,,,..11 ho'
in;,i.1 stool' dell\On>,,,,,ed ,I." propriottption ."d [>O>iti"" .~..,cn... in ,h. I"",!>.o, 'j"n. COli
imp",,'e thto<,gh .<:til-' ",h.hilil>,ion.

Mental Imagery

The use 01 memalima~i.~plollorbolhspineflO.itioo •• ndlll..... le<1<;li.atioo ""areneo;,. following i, a
8"ner,1 JI'OIocoi lhal we hil>-c adoplcd from the ima~""Y li"'I'a""e for "'" with spine traming.

I. foeus 00 feeling the ",lface u""'" the Ie« or buttoek,. Whatevt." 00dy part is lOUChing a ""';ace, 00
~w~", 01 ,he l<."I'!o<Ition,

2. Practice simple 1Tl)I,~ such." lighten,ng aoo then relaxing spe.:;if,c m"",1es ,n ,Iillere'" "eas 01 the
00dy. Then gradoale 10 perio.-ming the abdomi",,1 b,ace.

3, Paillilte. and havt': the j),ll;"nt wlf·ralllil!C. lhe muscle inwlw...l while he is Jt!''mpling 1'-' lighten and
relax it. Sometimes a lull.OOdy mi,,,,, i, helpful. The loe,-" lor lhe pal"'''' is 00 lhe specific musdelsl
inmi,-e<l,

4. l'Wiorm 1l1()(i!.1.1:S ~(>wly, chon king lhem in", .l<'gmcnts ~r>d st"lliCnces; lhen v,suali.e the tOt~1 mOhon_
r.... ""ample, heginning wilh a simple Jask w.:h a, a lorw.1m 'each, viwaliz" the neutral spine, lhen
i1Clivating the ."te""", and the bracing abdominal muscl"",, and finally lhe mOtion aboot the hil".

5, Practice lhe im,l~ indcpeftdent 0/ i>hysical acl,""_ 01 CO<.n'Se. lhe ","ient will have ,1lreJdy been §vc­

r""lol in leaming 'Pi"" p<)'ilion aware....... proper muscle control, and dl'S-i,able mOtio" palle"".

_., ......M<CII._~-..
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Build SqU.lt P.ltIems
A~h>c~ """ds heol'h\' glu,e,' n",«1. fu""'ioo. "'hil. function dem'nds b.l,ncttl ~ip """'C<
'OOu' e,ch oxi" Thi, sec"on <kscril>cs ,ome hip me>!".. I"nerns ,h" inhihil >pine_'I'.ring 1"'­
'em" l<w:,he, ,,;th oo,.'umennng ,,-~'.ral 'raimng J"UI!T''';''1l> u> .ddn'» 'hem.

The Cl'U<S<'tl-I",I,i, Sj'nd""nc i" 'em' !!i"C11 to the rendi'ion in "'hid ,he HI"lC" wmp,",
'1'1""" <0 be inhi~,,,,1 during OIluotting ponem" ,hi, >rndrm"e i, "ery """""Oll in ll-.<:.le "'i,h
, hi""r)' "fh,d 'wubl"" ('og<~her"i'h """. oth'n .. "'ell). In,.,,,,riogir. ,,'c >till <10 "'" kno",
if the ero>scd-pth'" ,)'"drom. "";>tl poor !O h>cbroul>lc' or is • nl~quen<" ofh";1l!!" <hem.
Nonethd .... lhe ,yn,l",m. i, noo:ico,b1. in n"n\'polion" rdcrred 10 our """",h din". Thi,
,.,,,1,, in "'" conccm,. ~i",. 'I-.<:.Ie "i'h ,herron' Hlu'e.1 pattern, cm",>! 'p'''' 'hei, bxb
duri"g ",u...ing I"".m, >in". 'her "sc the h,"",ri"ll"' 'rod .trt'ror spin.c lO dri,'c lhe ...,.,,";,,<1
"">!"'n. S"bs.eq""nlly. ,he .""'lor ,pin,o imi""""> "nn..,."""yhod, on ,he lumh" spi"", In ,his
"~r. hc""'hr glu'e.l p'<lem, arc n,-""Ie,1 to sp'" 'he hack Seco",1. i' is imfX.l'>iI~e '0 ",buil,1
"p,i",.] "'Iuo< perf"n",,,,'•. ei'her tur strcng<h "r hi]> ...tensor I"-',,'er. "';,hou' "eli-in'egr...d
hip ..I"",.,.. p,,,ern,. In filCl ,he f,ailu'c ofm,nr people '0;> pmpe,lr reh.hili,... is due '0 n-egIect
of 'he .hility '0 "1u" and rise off the loile', 0' egre.. f"." 'C", n< ,,·.Ik up ,toi", ",i,hou' fiN
.JJ",ssing 'he .berran, glu'e,l p."e-r",.

R.,,,,ining ,he glu'e,l, Clnn", be pe'funneJ ,,"'i,h ,r.di';"",,1 OIl"" ='0'" 'hot ",iii,,,,.
"'achine, I>erfonning. ,,,,di,io,,.l "lu" requi,..,. lillie hip ,1~luetion, C.on""lu<ndr ,h.", i.
1i,t1e glu'''''' m"liu' a<1i,~rion. 'nJ 'he glo"-,"' maxi",,,, actt,,,,cion i' del'red during 'ht' "'10"
until I",,'" squ" ,,'gles ore 'eached. Thi' i, "'<11 t!ocu,nen,eJ in ,\ lcGili (,006). 10, roo,..." '0
the muli'i"""l "1u,t" onc_legge<l "l''''' octi'·"e. 'he gluleu, m..liu, imm",li'le!r '0 ,,.i'l in
,he fron"') plane hip drive nc·,.'c",,} tu, spi",,"'ponng fu",:tiun log<-rhe,w;,h '00"'" inlc1l"";"n
ofglu'eu. ",..i,"u' Juri1lg ,he "lu" des<:c", lllOl;oo,

LEARNING TO ACTIVATE THE GLUTEALS

The iolk....ing m.'neu,'ef'S will enable~ patients 10 le~rn ht:>w 10 ilOlate ~nd ;><;tiv3W hoth
slutl'U' ""-'<Ii,,, and Slu,,,,,, "",.im""

,

L£ARNINGTOACTlVATE GLUTEUS MEDIUS
The first Slage involves isol~ling gllJll'U5 nx'(li"., Clncc- 38"in the Il<tticnt needs It> "k",l" lhoe
m"""e and percci>.'t' i', ,1"ivati()O. The l~llienllies o;>n hi' ()t he< ,ide. The fl'llient 1",,,-,,,, troe
thumb 00 troe ~ntl'fior-,up'-"ior iliac spine (ASIS) ~nd reaches "'ith lroe fins"" ~io<ly-----{roe

tipS will be ml'f troe g1ut<"" ""-'(Ii,,, (a). Wi,h the hips and knt.'<2'S flexc'<l. lhe IlJti<"lI S\'>"-'ads
the knees "1'-'(1 like a clam 1h<.'1I, with the
f"'" remaining tOb""he, and aCling a, a
hing" Ib). The PJ1il'm 1<",1, with the lingers
lhe gluteus medio. ac,ivale, Thi. maneuver
i, to SImply acti.. le ,he glutl'U' rn'di", and
'hoooid no! be (OOS"".,,<'(I a W<'ngthening
exef(i~. Tltere is no net.'<I to o;>/f"" ,,,,il_
lance al thi' lIage (resistance i' imposed
13t<'< "'-"'''II S1'<'Ob~h Irainin~. Tn'" Isolation "
oi lhe glu'CtJI medius is not fJO'.ible, a",1
<>Iller muscles are aCli,.". In lhi' lX'Ilure, ,he
""<",,,,1 h,p rolil~are '<",ru;tro. Ex.rending
lhe hillS 10;> a neulfallX'llure and ,<-pealing
lhe moveme'" tend, to a<;Iivate lhe gllllens
mOO,,,, wnl1 a greal'" int"S'alion With ,he
te"SO< faSCia IJlde,
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LEARNING TO ACTIVATE THE GLUTEALS (roffli......o

,

LEARNING TO ACTIVATE GLUTEUS MAXIMUS
lyin~ on th<.- wck wilh the ,""'-" IIl'"<cd "00 tl><> k'<'l on the fiOOf, the pilti<>nt pbu'S the fing<>rs
on glu~ rrw"imllS to let-I its aCli,ily. I-Lw,., the 1),Jlienl im.lge a coin r"aced in ,he gl..ne.,1

fold 111.11 mW not be dropped. The p.:llieOl
actlvat", glUl"'-" "",ximus by -""""'ZiflR'lht'
lllmocks-nol 1'1' creating hip cxtC'<l;ivn. The
toru, is OIl the pelvis at thi~ SlJge to ensure
thai 00 ~vi( lilt;"!; oecu". The lumbar spioo
'emains in neutrJI fX>Slurc (a). Then, once
thl: J<;Iivatioo hal IJeen m.lSl.~'(:d, the p.lli'-"Ol
begi", bridging the 1""'" off the fioor. The
c1inioan '" thiS stage fliIlp.ltL'S 1he h.lrmtrings
rbi,~ wOO ore h.1rmuing domi""nt and
gluteal <leiiden! will ;mmediiltely a<:lovale
the l""nSlfmgs iUS! I,,-io< l<> the ocC"""nee
of motion. This fl.lttern is "e<y <.Iomi""n, in
lho§e woo howe [he aberrant cfO>sed-pel.ic
,yr>drome, 001 i. also >t"'''' in some SPOIl­
~ific athletes loch ." cyclists. The PolI;enl
must rep".lledly Iry to begin the bridging
,(lion wilhoul hamslringo1et'''ly lor ,11",>1
Of1ly mild .1e1ivity),

To override the h.lm>lring-domin.101 len­
dency in some ""til.'lll' ,cqu;,..... co.1chlng
and cueing 'mm the c1inici~n. For these
ch.lllengingca~ we place our 100I .gainll
lhe patient" 101'<; and in'ln.1C1 lhe p.Jrk"'l
to wnrin"" with lhe pre1)¥atory gluteal
aCliv.liOf1 but lhen abo very n'ildly dclivate
lhe quadficeps by ""y mildly anempling 10

""t",'l! rhe kn<.'CS. B"''''.'$ng the p.Jtit.'f1t', 1cc1
wilh the clinician'S 100I ",>i~t< Ihi~. A g<:ntle
IIroke OIl Ihe quads to a"ill the p"lieOl'~

i",,'g,ng ,1Ild f'l~et'pllQn 0; mild kllt'C e'len·
>ion al!iO (aci!it.ll'" this fIo,nc"t'n to enhance
glut,,"1 dominance, Then lhe p.uiem 'epeats
lhe dttcrrlllf to bridge will> gj"'"al dorTUnan<;('.
Once Ihis il '''''lIe<cd. f>01L"'t performance
will imp<O\'l'.

I""'Sing S<JUl'l',ing the glure"" """,m",
n...scl", prior t() I",'!o<ming the I",d hrldge
will ,mist in grooving gluteal-dominant hip
'-"'Iension p.Jtll.""1', Then lhe I"'tienl reriorms
Ihe l)ri(lj,,,, wilh ,1 kxVSOf1 glute.11 Wrllraetion
rhroughoulthe full range. ror II'tcM h.lving
ditncully, (IUild'icc'l" woking can assiS! will>
mil(1 kn.,,, eXlCrlsion 10 fL.lrther r(.1luce "am.
>Iring mnlrilJurion
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BEGINNING BASIC SQUAT PATTERNS

First a IWI'd of cau!io~: Do not st~r1lhi, 100 early wilh pali"nt, who eitr.er are di$Jhled or
h""" "'f)' pai~ful backs.

POTIVSQUAT

Whe~ aWOf!'iatc ""'C would Il(,&i~ a oo,;c !qual pr<Jgr~'SSior> with a ·pony SqUilt; Sitting 0"
lhe corner 01 a chair or J ,tool, lhe I"'tieol poIitioos the ieel under the hody to rise off the chair
withoul us'~g a~y mome~lum sIlifts. The lurrOar spi~e is neutral a~d Ixaced. This tJegi~s to
groove a guod tW<}·I~'gged \(IUal positio~, Thc~, with prog....'Ss;u~ to a sta~di~g positio~.

lhe arm, are held out lalerally .10<1 moved i~ iro~t 01 the body a, the patie~t >qU.1t,. 01
cour",. emphasi, is placed o~ mai~lai~i~ga neutral lumbar ,pine a~<1 abdomi~allxac­

i~g, The hip> foltuw a Iraj~'Ctory alu~g a Ii"" about 45' from the venical, "Squal bad" i>
a better in>lruetioo Iha~ -",""I dow~." The m:>!ioo i, fl<'Cdomi~J~t1yat the hip>, koown J>

I"" ·hip hinge;

SINGLE.LEGGED SQUAT

Prog~ng to.1 ,ingk--Iegged "'Ui1l ;"'-'OIVe> the s.'me arm motion to a>Si>l b.llance A, I""
stngk--Iegged "1llJl i' perlormed, I"" iree leg is ""Id l>ehind and the knee is lOUChe<! 10 lhe
fluor. or lhoc toe is reach('(l with an outsl,,~ch~'li 1<'8 IU a ,Iistant obj~'(1 l>chind. (;'. bJ Then.
[h" i'ee leg i, ,,-"ehe<! 001 to a ,Ii,tant ohje<:l l~aeed laterally during th<, SlI",'t (e), VMiation>
ioclude working the iree leg 10 diff"",nt poIiti""s "around I"" dock" (see page I BO), This
ehiollengcs the full hlp e'W'1§')I". ~e'or. and al>du<~ion t"'quc ger><...aIOfS t"!,...1h<.... wilh k~'Cn

mO(Or cootml. Full i~tegratioo wilh lhe rr'vis and lum/),,, spine il .1(hi"""d with empllalis 00
I"" approptiale moll" aod moIio~ p.1It"<oS, Spe<:iroc focus i' dif'l'Cted lO'-"ard mainlaining a
r><'lltraIIUmUJr spine. focus on hip moIion, with gluteal mUSl:!es producing the hip e'te",i""
lorquc. and a stili torso. caut"", with ant~...io' i0oi placeme~t il nel:C>SJry with some 1);11ie~ts

who are unable 10 mai~lain a neulral spi..., Id).
The ""1':I<.'-leg "1""t 1oI1O'Ws the "'If"(' hip hinging rrotion, Thoc """"uppotll<og i' pt,*'Cted

to the rcar a~d to the stde, lk cautiUUl with ior,,"'"rd I"~>jeak>n oi the i0oi10 the fronl. as it
oft"" cause> spi..., tle.iOr1. The abdomi",,1 tru>C!es are hraced, the lumllJr spine i, neulral,
and the memallocusofthocpatiemi..... hipe.te...iOr1torque.NOIiee I~{ the hip, are drifted
i~eriorly rturing the do.'sa:nt to 1'1"(., more emp~sis On tl", g1ut"als (0< hip c.tensio~.

unlOJ<1ing both thoe knees and the hack.
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BEGINNING BASIC SQUAT PATTERNS (CO<lIi'IUe<iJ

•

,

• •

RISINC fROM A CHAIR
Ri'ing f,OOl • chai' follow, lhe ~ry >qual mech.nic,. faully molion pall,,",'
oI11'n include imli.l;ng lhe rmo:io<1 "'ilh 'Pi "" At",io<1. In>leJd the 'Pi"" should be
""tende<l with lhe ribcage ri,ing, ""d the hil~ llcxed. The Ie« ."e ,lr.l",n underne,1lh
lhe patient, the k"",-".nd feel spre.d.•oo lhe hif" eXll'rrlJlly roI.le<110 integr.le
ll>;) gl"",.1 musell'S lor hlp e'lCn"o<1(S<'<.' foglJfC 10,111.
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,
FiSU'. 10.11 la. hi ~i,.. fJulty moo"", j; initi""oJ with 'pi"" II,,,,",,,. (e) Thef1 the h,p' Ol. ,,,,t,,,,,,,,,1 with the h.>m",inl!'
.nd (d) the ,pine i, extm<ltod with tho> b.K-l< ""1<',,,,,,,,.

1ft

•
fiSU" 10.12 CorfKI.d pan,,,,,, iochxle 'Jlf">'ding the feet pta<:.......... thro cons<:io<nIy try;ng to ''Jlf">'d the Iko-: which
i,-..:il"",,,, the glut",,1 muock... (., I>i !l<...,,-..-C<1 i. ifUl;"t.d wllh '1""" """"""'" ..-.d hlp flexion, thro Ie) hlp e>."""""'.

Stage 2: Establish Stability Through Exercises and Education
For P.tieHt> to >chie"e >t.bHity Hut iu" durinl( reh.b, but 01", in ,II "I"""" of their Ii,.., bo,h
during o"d .f'er ",h,b. boI~ ......,;.. ,,,,I .d"""lio".n: en",i.1. It i, ",..",i,1 ,b,t )':<'1"""""
both ofth"", "wog;c".

• GJW<"C I/abilioing mOi"" pall.,.", Ibro~gb 'l#hilio"lw~ .xtrriJu. c;.,,,,,,,,lIy the n.>;!
,uge ,hottld hqriu ~'i1b .uhiliunon .""rei",. The trick i, In fi",l.n _1'1''''1',.;". "",nHg b'o!.
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An Imporlanl Reminder

Remember, ,ince half the h.lttle i, 10
'''''''''''' In.. itrit"n", milk. ""roto follow
the teXommendJlionS of the previous
,h,'fl""S

'"'
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For the chronic "h"ktt "",,,,," "'h<,,ni,.., .. "'" "ni,-.",itydinic h"ing r.i 1«1 ""lition,1 the" pr,
". gm."n,· "n<lCT,I",,,, ~'hot lTUn,' """IJ conside, on .ppm""... lo.Jmg 1",,,1. The 'J'P.:.I
I""!!'fcs";"e ilnl''''''C1Mnt l>hilO>Ophl' of",,'or' h"Jening" ""ith ~ttLJy i'np"_"'<oMnt gml, ",'ill
nnt ~-or. ro' these pcopIe: ,h.r req";'. n>o<. p.ti""",,_ Ther "'ill h,,-. goo<l.nd hod ,b!~. h",
tit< g."""IIX"';'''''' ...~'" in i"'I",,,m,ent nm" be o...bh,),"d-Ix....'e~..,' gr-><I".I, On,,, we Gin

doctll""m. 1"-,,lt;"" ,100><;n iml""'"nocm, then ..'. e.n ilk,..,... th" rth.loilittoOfl eh.lI"nge.
Sp«:ifie ..e",i..,. or. ,h"",,;eJ .nd ill""...teJ in eh.pt", 12.

• E~"'H ""bilizing mOlum paN,"" ,,~d ",usck anil"'t"~ pINU''''' d",;ul{ all "nn'i_
ti<l. \00 m,," d,ritj· the "nge of ",ti,'io", (daily In,ng, OC1.1Jp"i<:H"I, ..hletk, "tc,) k,.. whkh
the in,li,'idn,1 patient OJ"" he prep.>red, 'l"i, i, ob<.inOO tI"o"gIl int.",i...·. \\'hil. there is no
".ndanl r"nn, we hegin Iij',h:umenting the potion', tbilr m"o"", which indu!I", thei, OC'C'U­

p"ion.1 d"m.nd••nd those of d,ill' h,'ing. p,,~;ou, chop.e.,-' offen'1l n"nr e,.."'pl« in ..,nkh
th" ,pine i"I",retI ,,'ith ,n 'l>Propri.,e l'O"u,e .nd mu",le .et;,·.tioo, I""ern. 'l'he guideline,
to s<1""ring ""orci""" di""""ed in tho n.x, "",tion ~'ill help p'" dete""ino ~ hot e.o<ci,., to
p«,<:,loc fur p";"n";n ,hi. ,uge. In .Jditiun.....pend .imc rehe.r>ing <I.ill' .tt;,;tle, to

he sure ,he I.. tie", is le"nl"g ,nJ utillting 'I~,,,,-.p,ringn",,;oo .,,<1 'n'''!>' (",u",le ..,ti,..ticm)
I",,<m,_

Stage 3: Develop Endurance
End"",,,,,,, i> """"''lOry fo< n"in,.inin!!, ",b,li,jng pane",' of","",Ie ...i,'i,,·. 'I'he", i" P'<'ll"""
<inn to huildmg on,lul'O""", .nd i, ".m by hullding o",lu "", ,,'i'MU' hecorning ,ired' II.", i,
",h.. you ,"""Id ke'l:l> in ",ind .. you progt,,,, potien« ' nlll"""'T ""Jo"",-",

• Typieally. ,nd"""nc. iJ /miltJim ",isb ...".a"d
"Iso!,..t.Jtn'<ly sbo,.,. bot.h. Iiold, ,huulJ oc no longer
,h." 7 0' ~ soco",is, The dU"l;"" I, ho",d on 'ecent
.oidonc. from n... ;nf..",1 .pe<tros<opy in,lico.lng
.. rid 1",. of " .. il,bl. 0.)11''''' in 'ono TIIU«:Ie, "un­
''''Cllng " the'" b·d,. Shun rel ....ion of the ",,,,,,Ie
ro,to,,,, o.ygen (McGill or ,I., 1f1OOl, Th, "nd"..n«
obi,,<:t"'<,> or" .chin'e-J by building up "I""i,ion' of
,he ""e.. ion, ... the. th." b)' i"c",..i"g ,he du,,,io" of
.,cn hnld.

• 1d,..tif1 ,,,dartilSt< def"it•. ,\luth.. ,C1l br ,he O"iderl<e fur the SUl",';o";t,· of o,te"",r
end"",nce 0 ..... Slrength ". henchm... fu, good bod !>colth. ~'e 'ecendy Joct,,,,,,,,,ed I\0I"l",1
,."io> of "",Iu"""" ,ime", h- the 'm,o /1"",,,, .d..I,,, '0 the ."ten«". on<l \ot.,,1 ",",cuh,u",
(>rt no, "h,p,,,). U'" tit<", ".1",,, t1J id<o,utj-, ""Ju""cc derICit<----lJOth .bsolute ,.. Iue, and
,,,,lues IQ, one m""'. group ",I,,;ve to • ..,.1....

• U,,'be H1.,"" f'Y""mid fOr ,~d".""c. trili~i~g. Thi, 'ppmoch '0 ,I",igning .nolur_
.n,.. "',. i, foundcd in th" Ru"i.n ,,,J,,io,, of m,lnuinmg ",,,dkn' "..n",qu" .nJ fu'm.
The Ide, i, to ,,,,in <n<lu ..."« witl>ou, becomi"g ,ieed. Fo, .,,,,,ple, if o"e ""ere to J.,lg"
"'" for ,he ,ide_hridge ••e'cis< using fl," "retitmn,. ,he , ...ining .."ion ,,'ould look like
,hi,:

1. Fi",-, ,"pcti""", on tho ngllt ,,,Ie
1. Fi,-, repetition, on the loft

J. Ru.
~. Fuu, repetition. otI ,ho righ,
5. Fou, on .he left

~. Re<'
7. T'h,oeonthe,ight
8. 'n,,,,, on ,he left
~_ Fini",",1

Good ,echniq"" i, (.oli,.1<'<.I .. the ",pcrhion, on: reduced ~ ith e..,h f"ill"in!!,,,,, T\'i,;,
g"""..I1,· ,~",. '0 buil,l ,he .n,lu"""" bo.., "i""" ,It< obiecti,·, of m,,,,,.ining <I1l1icien. 0,
bel. " ,,\t~ >0 th.. the r,ilu'e is "''' ""l-g<n ",n..oon ot ><,d.: ",,,..bollte huil<fup. Endun",u,
t",ining fox '''''''' "hldie 1''''e'''' i, describe<.l i" ,\ k(;J1I (,006).
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liN I
~(L£V~Nn Summary: Cheddist for Patient Progression

As we 1'\iIVl) noWd, 1he fi", thrt'" Stag~~of 00' ;;"'c-Stage !'>""l:riI'" arc loc1Jl.t'<l on rt-halJililauon. Here
we ;ncfude ,1n expanded ehcckliSi ior rt>h.al;>;liI,ltioo tl1.u adds some c'iheal e1~r1!S

1, IOC'f1tify and~ II", l"'ac~ling activities.

1. 11JVl) the patient """"d in a joum.ll daily how the Ilad f".,l, a, well as the tJ>ks and Mtivi,
Ii'" """,""med.

3, IOC'f11;fy and {()''''~><::I Ill·(Il.lIued n'llJlion and n1OIO< p.lttl~ns usong ((Hrt'<.:Uve ,,,,'<(is<'. oevelop
spine pnsit>oo .JWarene>$ I~ip$ \'$_ lumbar ffilUiool a",1 the .,h<litr 10 maintain abdom;nal
bracing. Groove motion and motor p.aue<n"

4, Begin tile app'opriau~ spine exerci>e and ,lllf1'Oll1'i.l!C SI.11~li>ation and mobilizatiO<1!Jsks.

5, IJevelop mu><:ul" cndlJrance.

6, Tra"''''' to da,ly adivitie:>.

Now I~at [raining at~l«", in our ~'am invoh... the same ""8'" wit~ the add,tion oi two
iit<lgt'S-l'aimng stre"l;l~ and JXI"'U' lSO.-" ch.lplet 13 and McGill, 20061.

Guidelines for Developing
the Best Exercise Regimen
The reponed dftttj"e,""s of ,".rious .ramin!! 'nd 'eh'bililOUoo l""I(I",on. for .he 10,.. lnek is
q"ite v.ri.hl". ~'i,h "lin" cl>iming g'"'' """"'... ~ hil" ",h"", '''J'O" ...... """""" 01'" even nqr"i,·.
,e",lt> (F.... 19'96; 1'01,. <t .1.. 19\11). The <L,"-Tera"'-"Y regardmg the effc..:ri..-e""" an,l .. f<'ty
of""ereis< ~rog""n, i. I""ltIahly due to dinki'n< [Irt",ribing in'l'I'rupri>1e e"",ei..,., I>e<::ous<
,hey <10 ......, underst.nd lhe ri""e loading lh" ""..It, do"ing ,..rio", I.,b. R",;" ,he urge 10
enhance ,,,,~,;Iity ju" to .dhere ""ilh lhe di"biltty r:aring 'Y't<m. Th" 'ptC'fTl i, fo.- legi.l.ri,,,,
e<:Hwenkllt" onl}·. R.<her. judge }wr 'U':I''''' b)' ho-<. "".11 }"u are .1.1" tu reduce I..tienl>' p.in
"'d r""""e lhei' abili,y 1o romplc,,, t...ks. AI,o. <h.... "'"" he .....,,'" <0 redorm an .,.....i..,
an,l '0 I"'rn>rm n;n. <pec;fie "'..}'. The "'"" ch.p••, ~'ill hell' }"" ;,lenlify ,lefici" in palienl.
'" th.. lher<'>n oc add",,"'d b)', 'l""--iflC prognnn. Ilihere " I'll> ,!,,-...ili<' r""on lU pr""-'rihe an
"'''....i.., lhen don\-QO~· """'" "'i,htn the "",ric.eo! <'raeily of lhe p.,i"nt <0 ..hi",." ,pOOhc
goal..

Developing a Sound Basis for Exercise Prescription
1 h."" ""k:-cted ,nr! ",.. Iu,tcd l~" """rei"" in the fOIlo,,'in!! chapler> ws<d "" ti"u.lo:lding
""i,l"""" .nd lhe kno~blge of ho-<' injury <:o;<"U" to .peeih. ti""es (rbcribe,1 in [Irt.·iou,
Ch,plC"). a-..""mg ""en-;"'" 1><",'."",<, >rill m,,,h...,, ,he besl "Juc...d gu... tl1." .. d<wlop..,1
lhro"gl, c1inic.1 ",perien,'e. Th. Iulillwiog .... ,,'1'1. iIIuS....lCS lhe need lOr ~u.n.ilOti," a".I}";,
io ""de' '0 <".. I"ate lhe ...ret}' of "'"ain ""en;i....

We h,,-. ,II 1"'.0 o,ld m l"-nO,,n ,"·ul" .",1 OIOC, lIex;o" e",rci><."nith lhe \:nee< lIex"I----I"'1
on "h'l ,",'ide"'-'e? Se-'e..1hl1'othtles h"'e "'l!l(e>ted lh.l this di"hles <he p<O" 0' thanll"" lhe
line of",,60n of the p>Oi<" 0' ho<h, ,\Iagnetk ",,,oo.nce im.ging (,\ IRlj-b.<ed d.,. (S.nlOgui<l.
",01 MeGill, 199j) d,~"')O.tr"edllu' lhe I"'''' line of ""rion doe' not ch"'ge due to 1"",1"T or
hi~ Ix""ure ("x<:el~ .. U-S I)" the 1""" I.",i ......lOch 10 .""h '-en.b", and fOlk,,,, <he ch"g­
ing orientalion of the ,jline. Ilo"..,,'<r. ,here i, no doub, ,hat ,he p>OOs i, 'OOrt"neJ ",t,h ,h.
lIex«1 h'p_ modul1.ing fi ....e prod""rion. BUI the que"~,,, ... "'->theT th.,e i, • ,«Iucrion in ,pine
Io.od ~ith <h. leg> bent ,,-,n.in•. In 199j ,\I,Cili e:mnineJ 12 }'OUn!! men using <h. J.I>oratury
lochnique describeJ l"""iou,ly .nJ ob!;.en·eJ no m.jor differeoce in lum!>or loaJ .. ,he """I,
of hen,ling .he lme", ("'"e.ge mo<neol of65 Nm in hOlh stnighl .nd henl LoIn,,,,,, 0)I11p"""",n
of 3230 N ,,;<h str:aighl leg< ."d 3410 N ,..ilh bent 1m,...", ,h<... r of 260 N "ith ,.""gh' lelf'
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.n,l ,<Xl N "'i,h hen, lnee'), C.ompressi... 10.01, in "=" of JIKlQ N c,m.inlr 'Oi", qo""n,,,,, of

..f,'tr Thi, 'Jpe of qo.n,i..tI,,, 'ruIlj~i, i, n."","')' tu Jemt>,,,m,c ,lut whe,he, '0 perform
,;'-ups u,in!! I:Jem lnttS or ..raightltgS is prol:.oblj· ",,-,I'S impor..", i' ,..II('th" to pk",ribe
';'·"1" " .11' Th"", '''' be"" ""p '0 clulkngc ,h" .b<kollin.1 mu",I""

Basic Issues in low Back Exercise Prescription
Sc.""r.1 Cllereis« .re rcqoot<" to ",in .11 ,he mo",l", of ,he In",b,t turso. bot which Cllnd",•
•'" l><:M (Of. gi""n indi,'idu,l; ,\l,kin!! ,hi, d"'ennin"ion ,,'ill depend on • numl:><r of ,-.ri.l>I""
",eh ., the m,fi,-ido,I', fi'ness ic>"i. ,,..ining gml" hi"O'T of pr",-i<••" ,p;ruIl injury, .nd oth"
foc..."s. 110,,""''''' depenJing .,., the 1'"'1""" of ,he e.enisc pr<>gr1nl, "-."",,] principles .ppl)'.
For e~.mple. '" indi"idu.ll:Jeginnin!!. j-..iniury prog... '" ",'O\OkJ he ,d,-i,.,j ,,, .,-oid looding
the 'Pin" ,h".J!!l><lU' ,he t1nge of motion. "'hile. mio..l .,hle'e m.y indeed ..hie"" highe,
p<'tfunn.n<." bods IJ,' Joing '0. Anoth<'t !l"ocr.<i rule of ,hwn!>is tu pr<"'-'t,,-e ,he no,m,1 Ii....,1--1<
eu"" (.imibr 10 ,h" of uprillht ..."din!!) or So"" ,ui,tion of ,hi> I"""ore tlm minimi>.l:S l'.in.
II'hil, in [he pN m.n}' dinici.n, h..·• reeomn",n<Je,l performing. I"'I,-ic tilt ""hen "..".i,ing,
,his i, nut iostili<'J: ,,-e nowl.nu..' ,Iu, <he 1><I,ie til, incre,sc, ,pine ""'lie I""Jing, "the 'Pine is
no longer in ' .. 'ic....,I"tic "'IoilibriulO. '1')'"', ,he I",I,-;c ,ii, 'PI"'i" to be <'O",roinJicIlcJ "h,n
eh.ll<nging ,he ,pine, Il,sic ....,.. }"O ,hould consi,kr ",hen p"'ocribing .x.",i<e< ft,.. ""', oocl
reh.b .,.., d ....","'J in the ft,lIo,,-ing "-'<1i"",.

Flexibility

II'h«hcr '0 ,,..in forolximi..,ion of 'P"'" flc,ihili,}· Jepend, on the [>elSOn', injury hi""r)' .nd
exerei", gmL C"n.,..U}, for ,h. injured hle~, ,pin. n.xihilitphool,l nut be emphlsized un,il ,he
'l'",e h.....bilizeJ ,nJ h.. unJe'1l""e enJor,Tl<'C .nJ ",mgth <'OOJi,ioning----->nJ 'nne UlOj'
nl~'er ,..,och ,hi> ",ge! l)'-"l,i,e ,he nution hdJ I'}' """", ,h,re are fe", qo.n,itotke dOl> ll} sul'­
ron the id., ,h.t • m,jor e"'ph"i, un t",n~ flc.il~lity ",ill im""" .. hock h",hh .n,II..",n ,he
nsl.: ,,1' m,m)'. In f,c1, >Ome ""<'ni", 1,m"rom. ,Iut Iu,,, indookJ IuoJingof ,he to"', throogh"u'
,he ronge of ll'oOfion (in "crion-.""",i",,. 1"".1 henJ. or .. i.1 ,,,-ist) ~"'e ~.J neg.ti,'e ""'ulrs
(e,g_. N.ch"",,,,,,. 1\/91), .nJ gr"'!.'" ,pine mohili'l' h"l:>een ..">ci,,..1"'lth 10", hoc~ ,,,,,,l>Ie
III roc'l1lC c-,...'< (c,g" 1l;"ring_S",cnscn, 19lH). Fonhcr. "",",teh h.. ,I><",-n ,hot ,pine nexilnlity
h.. li"l. l>redicti'-c ,-.Iue for fo'ore low hod, troubl, (e,g.. Solli,-,", Sh.of.•nd RiJJk. 2(00), In
,he COIlte" oft'}'ing '0 " ..tch ,he hock ,",1 ,,..in tlexi!>ili,}'. ,h. insigh,ful "'Of~ of Solomono",
""I ,,~Ic.gue.(1001) h.. ,1><...." th.. ,he ""-,,eh ,..,fle. i. dimini.hed .n,1 mu,do 'P""" CIIn
.....1•. 11><: """" SU<1.....full'rog..."'s "wear 10 ''''lit""", ,run. st.bili"tioo, ,hruogh ....on'i'"
u i,h • ".,.",..1 ,!,in. (e.g" Hides. J"U.•nd Rich.cd",", 1001: S.. I .nd s..t, In?: leoom.n".i,
<1.1.. 1005) ",h,le st"",ing "",b'lity .. ,he hip' .nd .",-'Os. (Bridge,. Orbn.•nJ I-l""""bcrg.
1991. <k'1llOl'stI'lIt••oh",ntlges ft,.. ""ing .nd """ding. ",hile.\ kGill.nd N"",un, 1991. uutlme
"hn,>gcs for lifting,) Fin.llr. "'lXJ'I;"l! i"mbar lIexion tiu<n morning "",i,'i,ies ... hs"n,;.I1}·
''''p"-'''.. p.,ient,>, [M> "-"'-'g< (Snmk e' .1., ,m), o."pi,. thi, e,-idene•. nuny I"ricnt>.re "ill
nl>truc'teJ 10 "pull ,he"......,.," ,o,heitehe>t in ,he """"ing .nJ perform '0< touches (sec figure
10.1 J, ,-<), The dest.hili,';ng consequences of full n.,ion "'ore d<:scrihcJ in ,-h.pters ~ .nd 5,

Focth... r...,,,,s, t""" lI..,hiloty .""rei... should he li",,,..1tn onl":,,led tlerion .n<1e..on,ion
fur tho« ""n,"'",eJ "ith "fe!j', '1'1>:,,,, in,""""ed '" sp.."if.: ..hktic ••-ti,i,;..,> m,y """..'ti"."
he.n ..ception '0 thi, rule, (Of course. spine tl~,;bili,l' m.y he "lOre tbi",ble in ..hlCles "-110
h"'e ","'cr ,o/fewl hle~ iniu'}·.)

Strength
In gcner.l. "n"gth <ce",S '" h"" little to Ju ",-i,~ boc. he,lth ,-,",,,n ,hoogh inc....s;ng ,orso
",,,,,,I. strenglh i,. porul.r ohjecli,'" of I",,' hoc~ reh,hili",ion prolorols, This is 001 '0 i,nrll'
,h.. strength i, no, import"'" !l.,h.. i, i, tn ."'ph.,;", ,h., ,h. ",,,,ph. ,:pine ""n'es is rel..i,,,)y
,,,,-,,,, i'n,,,"'''''' in "",,, of 'p,n~ he,lth. B,e. ",uscle 'trength in I"n.:ol..- h" tH~ be.... found
'0 he. siW"f,,,,,,,, predictor of firs,-ti",. iniory. (1n ,he con,e" of .."...od effect. predict;n!!
fi",·time injury uIfc" sl"-";.I insigh'-) Only Troop. Abnin.•n,1 U"rd (l<Jill) lOon,l. u'hil.
,..sting 'or>O "'uscl.... ,h.. re<!ucc,1 Jl'"",i.. strength ,,"'•• predictor of «,<,,,ring hod: I"in.
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•

• ,
f;gUtf! HI.ll -SOlly ",,,,,,he>: "",h a, 1o, I>J pulling the 1:_ to thedw.-.., and Ie:) 100 ,,,,,,,,he>,
.." oil"" p'""",i!>OO to 1><";""" to do;n''''' mooni"ll. I"""" "an " ....... i""al:fll;ty! Pa<.l<!o'kally,
II... 't«~"h roc"",,,,, ;n I"" l>¥k a,e 'hmul.too, p'",,>d;ng. r.l", ,.,,,'" oi ",Ii« II,., ""'y I.... aboot
20 ,,';nul<,>,

lIo",cw,. io " p""pccti"e ,tud); Leino .. ,I. (l'ilIi) fwnd thot t\Ci'hcT i>orneU'ic roor drnamie
,runk "'mgth 1""'~t1<..J ,he dc,,,l,,,."m' oflo", hack trOuW<~owr, IO.)'<.r full"",'-"p I",nod.
The lIieri"g-Son.""", (1 'iij~) "ud)'. l"""iou>l}' "",ed. roo"d ,10" hotne'ric hock 'trength did 1101
pn:,lict the "I'l"', .... '""'X of low h>ek t'ouble in pre'-iousl)' J.e,lthf'uhj.o.;t. (1'1'" " o",,_p"" follow·
up. Ilolm"",m ood Alontz (1992) rrturtlt:d n:docct1 i,o",<~,ic 'ruok crt"n<or emlu....."'" ,i,,,,,,
in ",ole ~·o,l<.1'S "'i!h LIIO, ,'o.,'p...d lO tho;., "i<1,out lou' (""nd no diffe"'''''''' in i""n....ric
Aexion or exlen,ion >I""ngth,. Strength 'I~>C>"10 h"" little. or' w'J' ~,,,,,k. ""I.rion,hip ~'i,h

low hocl he,lth. Suength i. fo, ..hk~ic I><Tfono,n<" ol~t'<."tin.". In mnte:"t, ",,,,"Ie enduronee.
~'he" "'I'",,<d fro,," "",n)!tl'. '1'1""''' '0 be hnked ,,'i,h bet'er ....cl h".I,h,

,\los! I""en, 'uta h,ce ,,'g!!"-'led th,t ~ hile h,,;ng, hi""'J'0fl",,· b.od: t,,~,bks i, ,.o! 'el'led
'0 ,edoed strength. " i, ,eb,,,l '0 "pe,turl><d A,'>:io'H,>-cnension strength ntio (:\ k-Gill '"
.1.. 2003). Thi< diffe..n,'< in the r"io '1'1><'...-.1 '" toe m.inly infl""",,.,j h;' gte.lOr ""lOll"'"
.Il"ength ,cI"i"e 10 A.m' .Il'rength in ,hose ~i,h t"",bb

Endurance
lim cro"-"",,io:;m,1 .\U,li"" too.., of ~icol,i..,n .n,l Jorgen",n (I 'il!S) mol AI ..... n.. 0"'[ col·
I'..gues (1m), fouod ,edu,:,'<1 ""en'or .nduron,,, ,n ~url.:e" who reported low h:ICk tmuW..<.
IloIh Bi.ring-So,"",'''''' (198;) ,nd Lu"'o ,,,d colle,guo< (1995) sug!!"".d thot ~'hil. i.om....ric
Sl'ength " ... no< ..",.,;"..-1 ~ilh the on"'l of back trouhles. ["Xl' "'lie bad: "n,l".-.n"" """""
"c. Some h,n exp"""..J ,,,,,,,,m ,h., pOli'n" ",i,h ]lOOT mu",k e"dUTaoc-e oeore, h,,'e I••"
oeores 1"0"" IIOCI: ofdfM' (, [,,;'CI,ologjc.1 ,.riohle) rother th,n .n}' pIl}>iologinllimitalion. ,\
"",!j'hy .\bnnion .nd colbgues (001) "'lll«'"c~[lh"ofthe loul ,-.no""" ,,,,,,,,,ore<! i" lhe ""d",­
m..e "ue<of their had 1""""«<' 10% ~..e>pi"oc,i I')'pil).....og,,::d fatigue (~"",rifi,..J .. dtdine<
in the L\lG I"""'''' """"",,,n~ .,hik only 10'l'0 "..<""1~.1r><d hj' [6;"holollic.1 ,..ti.LI« ('l...nti~ct1
" mOli'''I;'''' .nd Fe.. of p;lin ,,,ri.ble.. fmOll • 'JUC"k",rui",). Anod,.". sttl<lr (.\lcGili el .1.. 2003)
Iu.< "'lll!'-,>t,,1 tn., n.,-i"ll " lusn")' ,L k,,,, h:ICl ",.,I*" 01'\"-"" ", h< "",,><.';",,-'<1 ~lth • diff,,,,,n'
Aeri:>t'-ro-exttT\,i"" .....lurllIK" utJO., "'ith "'" ",,",n",.... h,,-i ''lib, .ndu"'''"" ",d the8""", h,,'ing
mort e",k,..""". Thi, i",b.o1o""" in .ndn",'""'X.Iso '1'fl"'l",,1 b..~"""n ,he righ1 ",,1 kft sitlt: b,,,,,,1
mu,"ul>ture .' C\'id.nced hj- ,he "pnm'''Tj' on right .nd left en,lunnce holding tim", (e.g..
RSBIlSB ntio of .9, for ,ho<c ,,-ith on LBD history ' ... 1.05 for """" ~ithou,),The "en i""..
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Establishing Grooved Patterns

We have foun,1 ,hat pati<",t, ,1re be><
"-""'>d "ben we e<lablish tbe grooved
p.lI''''''' for"P''''' stabil'1}" at the begin_
ning <)/ the ~ion. on the od>er 11.,1'1(\_ in
a periormance--oroen1ed fra ini ng progum,
P"~k i>,'nl! lTXMl on to tono ""hi Ii"'''00
exc<c;ises '" the end of the s<'«i0ll,
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.ddreSS«! ,h" ~"",tiol,of"'llCIhe< >lrength .nd "ndurane.: or. rel".d. hlt"""tinglr, ,he fl",or
.. rength (1\'m)-,o-endor,,,><,, (<e<) r..io " .... l>e,,,·een 3 oml 3.l fo< ,he n.xors ;n bo,h "norm.l"
b.eks ",d '" ,bo.e ,,'i,h • Iusto,}' of ,mubb.•nd ft,.- ,h••"'en""" of ,h. nOfIn.\;' The rat",
...... mo"h I.rge< fo< ,be =ensors (5.3. p •.on) in ,hose "';,h 0 I,istol)' of LBD.

In .o,mn.')', """ral ,tudies Iu,·. S<'J!'l(esle<.1 ,hat diminished ,nmk ""en"" end"',,,,,e .rnl nol
st,.ngth i,link.,1 to k,w l»ek ,,,,,,bb_ Recen' d... confirm ,bi. non'lIl ",d enh",,,, i, Further
by "'!!ll"'"'tin~ ,h" ,he I>:<l.n"" uf end""n... 1"",,"-':" noor ",d o'e">Or mustks .nd ,h" b.l­
.nee be",''''''' righ, .nd lef, ,id.. of the ,o<so 01'1'''' '0 be linh:d to. histo')'ofbad ,rouhles
'""W••nougb '0 '''01, in ..,,,k k),,- No'e ,Iu, ,he", "ere k""" ,Iu, lingered k"'g .fter ,he
di",b11l1g el'iS<'><k. In ,host- ..·ith • hi"","}' ofdi..bling LBD. the " ..roll'. length of ,im" sin,:. ,h.
1.$1 "o,k lo:J.se[JiS<'><k " .., 261 "..... (s..nd,.-..I t!e,;.tion _ 275)...-bil. ,he ""'.ge I"ngth oftim.
k>sl from ..ork in ,hot opi""lo "'IS ""'en d.p (,,,,mb,d ,hi"i"" • 10)_ The 10""" f", ..orei",
",<><::-ripoon i, ,h., !l",du",c-d. 1''''lI'",,;i,'. o.mS< l><ognnl> (i, • ., of Ionll'" dUrotlOll .nd \0,."'"

"rrOrt). ,,'hich "mph..i'.. endurance, ,h", ",,,m prefor.hl<: """, "",ngthening ......he!..

Aerobic Exercise
,\Iountinll' ",i,lenc" wpl"",inll',be TOk of••",hic· ......;'" '" hoth ,educing ,be incidence "fk,w
I>:<d inju1")' (Cod}" c, 01.. 1919) ond trea,ing 10"- Im:k l"'U"lIts (Juke< ".1., 1998) is '''"I",lIin~.

R"""n, i",·..'i""i"" into loods ,"min«1 hy ,0<: low b.d ti""", dll,i1lg wolbng ("""", 19l1ij)
e<lnfinn. "ery low b'd, of ,uPI"""ting p....,.., ,i,,,,o Iood coupk,1 ..·ith mil,l, bll' pmlonged.
•ct;... ,iun (If th" 'ul'l",ni1lg mll"':u)"ur". C.II.~b,n,p"l., ond ,\ It'G,1I (1999) do,:urn"n,,,d
,~" fos, " ... Iking ,,'i,~ ,he or"" ,,,,'ingin;t ..,"It, in lo"'e, "",ill"i1lg ,pine kud•. Wh.n
'olerobl". >e,ooi" ext... ise, por,i<."Ulorly f,,, .... Iking. 'ppe'" '0 "nh.n"" ,ho effect. ofb.d­
'Il«,fit ".ere"",

Order of Exercises Within it Sess«m
lIo",u'" the spine hos • IooJing m<mo'); • prot octi,;,}· ""n "..,.I"I"e ,be I"on"",h.nio; of ,he
'1''''0''' • wl"",,!uen' oc,i,-,'}-. For a:.tmpl<. if. pe",'" ",t in. s1ouche<l 1""'''\'''' ~,,-. P"rit~1

of tim" sufflci."t '0 ,.""" ht",,'n'''''' .nd dis< ,-r""p, sh" ",ouId h.,,, ""idu.llig.n-,,,n' lui",
fot. perio:xl of time, (We h,,-e ",,,,,,,,ed losi'l' ofO'·e,. h.lfho", in '''.lIne e.",.I,\kCill.nd
Bmwn. 19921_)The nucleu, ",Ium" oppe'" '0 ,,-,Iimibu.. upon .do",i"" of. "",ding I"""ru",
(Kroll' e' .1" 1987). 1'1", red"tribu,iO<l ",\.:os 'line. If th" 'p"lC i, n"",d m one n"nem'CT, the"
it pn.>b.hly ,ho.uld ",m'" '0 'leU,ool ".. e>ten,ion fo< ,he n,,,,.

\"scosit}' i, "'o<het prol"'rty of biologicol ,i...,..-in tbi, c.... friction.1 'e,;"'• ....., to
1T~)ti"" with", the s"inc ",d ""'" ti"ues. Thi, is ",h}" mo,ion oen:i"-~ .... u'U.lI)·I",rfon!l«1

(,rs,,, r...n of ...'..m-ul~ 01lCt the ,i"""", f,iclion hi<
been red""ed. ,ubsequen, mntion e.n be -:oceomplished
..·;,h 1<"" "'...",

A (,0.1 ('Q1l,;dctllti"" is ,be ~ttd "'roll,inu,lly gn:>O>'"

be.1t br, joint-«Ill"'''i ng. 0nd ".bi Ii,; ng mo<o< (lOno"'"
Dep<1Iding"" ,he e,e...isc ol~,,-,i"e>, ..-.: often 1"-1I'n .n
"",mse or ,r, i" ing ses,ioj" ..-ith S(ltlle 'IJi!l< ...hiliu,ion
exemse, '0 gr"("'e ,he (lOuerns ,It" "ill """,in". ".....
'0 other ,xc-Tei.., in ,be p"'l"',m. In 'u"u,"'}', undc'T_
".nding'l,ill< bioon honic' CO" ol~i,ni>< ,be o,dering
of I"ks in • Ir,ining .

Bfe,llhing
IJeho,e roo,inu.. "'K"tding,r.ining fu' h",..hing dll';ng ...,.,ion. Shoul,l one ..h.l< or inh.l.
during. p.rtiruLiT 1""'" of """,ern,>tot or e.eni"n'

In ,h" tlIre t·.... of "c1")' h,,",}' lifting or TIIui",.1 "",.m",,, ("'hieh "uuld "'-"- be I"''' of I
,eh.bili,.'ion progr.m). high b·e1. oi in'ra".lxIomin.1 p<es<u." (Ii\l') or. prOOu<:ed h)' bre"h
holding u,ing the \'.1..1>-. m.neU'·H. Thil e1",..'od lAP, whon combinod ..,ith high 1""e1.
of .lxIomin.1 .... 1\ "",-,nltro"i"" (Lr"'-'i~g), "nsure, 'p"'" st,ffn....nd ".bili'!' during ,hese
'"" ..o,di n. '}' Je""od"
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",,,,,ther "lOti'-";OI' gi"e" for >lri"illl! '0 oth;",'~ higher lAP i, ,h~ ntttl w red""" 'he 1n'lS­

m"...1!!",di~nl in the cr,ni"", In I..,.,n ,he ri,~ "f hI.d,,," 'M" " ...>lee (.\ leGil!. Sh.rr;l'l. .n,1
Segu"', 1'195). The explm,ri'M\ ~M" 'hI> n.k ,..,.]um.M\"" ~~~,,,-,,

'"

•

•

•

Build"'g UP i, .,,,>Ci•...,d wi'h • ri", in 'he cent...1oc,,"'" '~..tem (""'S) flnid pn.....,,,,
in tlte spine, "'h;ch fur"" ,n upen ,-...",,1 to ,h. c,",S 'nd br.in.

UI""" .,enion, enormou, eI"'....i"" in hlood [>I"""""e oc"u, (docu",ented ill ,,-eigh,.
hft,,,' to I>< well "'"',,. 400 mmllg).

'Ini, p.""'ore i" 'he ( ... ni,1 "o.d, ,""'e< .1"K'= Inn,m"r.1 I"""''''''' gr>di~", .1", i,
re,I""",1 if ,h~ C,,",S flui,l pr""",,, i, like"'i", eb...ted. re<hM;ing ,he ~",I on ,he ,..""r..r
,,,.,,,,1>.

Breathe Freely

Train 10 Lnalh" frt-'.-'~y ..-hile ""'inraining
lloe §lJbili~ing isometric ab</omi",,1 wall
«"'lrMhon,.

A1,h""gh ,hi, expLorulri<M\ i. ,-,lid. 'he ""-'< lur""'" ",,,,,I .I be """ide""']only Ii:>< <>tn.'me weigh"
limn!! (h,lIeng..-<-nOl fur reh'bilitJIrioo exen-i"".

When ,!<signing ,..,h,hi)i\>li"" e""rcise, • m,joe "hj<'<:li,'. is 10 ~,uhli,h .pinc Sl.bi)i,,".m
,,"'em,. An iml",nm' f."uIT of ""lole .nd flHK'oon,l h",b is 'he .bility to ""'Oll'e,,' ,h.
,Wnllli".l ,,-.U (.Womin,1 hr=) in<1<.l""Hkn,ly of '''J' IU"l! ,-e",ib,ion l"ttern<. Good <lolne
<l,bili,,, ... n"in"in ,h. crilic.1 <~rnn",,",,"1 "'u,d. <liffn.., ,l"ring ,ny com!>in"ion eftl<Jrque
,k"'md, .",II"""hing ,,"'em' ("",h., ,,-hen "r.ying. [-,,>k<th.lI g'''''', ftM" e»",,,le). P'MIT
".h~i",...llow ,bod"",i",] oorttr:acrion k,.. I, to C}"k
"'ilh bee"hing ., ceili",,1 'rlOIllent< whee~ <l.bilit~· is
""."Ied. "n",,;ng ",u"""br "",i,..,i"n p.nem, '0 d..,
, I"n;""r.., dirtttion In lung .ir ROM' i' ""...in.d to.
""ni<:\ll.r I"n of.n =nioo is "'-" helpful. Thi, ~O\Ild

he (If link: c.~",,,r ,... Iu. to ,,'h.....cti,'i,ie" '" f.ct, i'
~"uld I>< "",n'e""""u"i,,,.

Time of OilY for Exercise

A, I",in,ed ou, itt p.n II, ,he i",e"-.n,,h...l di"-" ore highl)' h}'dr:a,ed uI"'" rising ftom 1><.1, 'he
.nnulus i< ",bjected 10 much higher "",sse. during hending under ,hese condi,ion., .n,1 lloc
end I~..e,> f"l .. I""w ",rn;"",,;,'e lo,d... well. Thu., perionlling 'pme.I><",ling 'nineu,'"...
.. this 'i"le of ""r is un"'i",,. Yet !II.ny ""nu,IIll,x1ie;n. l,h)'>K;'''' "",Unue '0 'ulQ:(C" thOl
"",ien" perfo,m ,h.ir ,he",peutic nMines fie.. 'hing in ,he ,noming, 'Ini> .ppe>'" to be ,I"" 10

eon,..,n;""", 'nd ign"",,,,,,.ll=u,,, 'he ,~scsgene... lly ro.c \lO% nf ,he fluid 'h" 'hey will ro.c
",'er the <"OlJ"" eft. <bJ' wi'hin 'he fi ...' hour ,fter rising frum bed, ,,-e>u~ .. ""'I~J' ",,,idmg
,his lleriod fo< .'CI'Ci<e (lh" is, bending~.<ereise) fur ei,h.. ",h.bili"'ioo "" perli:><",.""", tr.in­
mg_ While 'he"" h.",', been' ",,,Iy on 'he enh.n""",.n" oh"in.<l during ...,rcise rou,ine...
a func'.", of 'i"'" uf ""y, Snook and mlrc.guc' (1998) did """" th.. ,nO' t"n>ciuu, "",d.nce
eft (""",t'd ,pi,,,, n<>i"" in ,he """."ing itll!'N'·"" ,nd, patie",,' b.,;-k ,-",uhl",.

Notes for Rehabilitalion Exercise Prescription

EMe'l'( ise p'eftC'swnalsface tl\(' ch;J lIeng< ofdesigning ='1'( iSC 1',,"SrJms II"" c~(/er a w,de ",r;"1y
of o!li''<;liV<'S. Con,~ lhese guidelines'

•

•

•

Wh,le some C"IX'f1' bel;"...., Ihot ,,,<,,,,ise "",$ions should be p<'.'ff()l"rncd Jl lea\l Ihn..'" umes
per week. low hack ex=~ appe.1r to be fllO>l beneficial when p<'.'ff()(rncd daily (e.g.,
Mayerelal..1985).

The no pili,..."" gJin axiom does ... apply ..til.,. exen:ising tl>e low b.ld<, par,.:"I,1fIY"">en
awIi<'d 10 weight lraining Scienlili<; and clinical ,,;sdom would sugge51 tl>e oppo>il(' is t".,

R""'arch "-'< shown lhat gcn<""al exercise programs lhal combine cardiovascular compo­
'>ent,(socl> as walking! arc rrlO'e effeaive in 001> rch.'bilitJuon and inj"ty p".,'..,rlIiOl\ (e.g.,
NlJfter, 1911ll).
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• Oi",,,,,1 v~riali()n in 100 fluid Ic-'el 01100 inK'l'Vt'fICb<al di"-"!; (d,scs ~~ more hydr~l<'d e",ly In too
morni"!: afle.- ri,i"!: Irom tJed) ch<lnges lhe !lresses on tile dis<: Ihrougho<~ tile d,iy, Peo!~e shoold no!
perkIrm iull-range SP;III' moIOon undef load lor 1 lO 2 00urs afler ri'ing from tJed (e,g., Mams and
Dolan, 19951.

• low lJ;,d ex~'«ises IIt'fforrr",d fo< he,'lth rnainw""nce nt.."" noI ""'I",",i.e stre"llth with high. load,
low·repetilion lasks. Ralher, rrore repetitions of I"" demanding exerci>es will enh,'nee endurance
and strength. There i. 00 doubllhat bilck injury can oce", during ..,.,.,-,ingly low-1<'v<:1 demands (soch
as ridi ng up ~ pencil) and thaI injury /fQfll "'OIOf control .".rur un O<:cur. While the ch.lnce oi mocur
eOOlmJ errors thai result in in.lJlP'Ollt'ial" mJsde fon;", ,lppears to inO"ea~with ialigue, evide<><;" also
indicales Ih.:ll J'ol"ive n""" loading changes with faliguing lining (e.g.. fblvin and I\:onnan, 1992).
Given Ih<lt endur~ncc h.:ls IJ'IO<e proo.'C!i"" v~l"" th<ln '''''''11th (luoro et ai" 1995), st~ng1h gJins should
noI he <Wefemphas<,e<I at 100 exreose of end",,'nce.

• No 5CI of eX~'fd,,-'S is iocallo.- all individual•. An appropri<lle eXl>feise R'gim<.'n should "c""'OC'f an
individual', lrain,ng objectivt.'S. lie they reh.,lrilflation, R""ucing the ,!S-L <:J inlury, oplimi.ing gefll'fal
ooallh ,'nd filfll'SS, or ""'ximizing athletic perlormance. '\'hil" sc""",e ",nnul eval""le too opli"",1
~',,-'«i,,-'S forCilCh ,u""tion, the roml>tn~noo oi ",,,,,,,,e and dinial "'pl'ficncc wHi "-",,It in '-"'hance<l
low ooek ""alth.

• Both p.1li.mts and dinic",,,, should lie r..:llient and stid wilh the program. Incre.lse<! iur.;tion and
redu<lion in pain ""'y noI occur lor Ihr~", mornhs (e.g" Monnid'" e! aI., 1988).
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CHAPTER 11

Evaluating the Patient

V i"u.lIy .nr m.nu.1 meJiOn. ,",tl:>ooLc d"""riOO Ihe tll'icIl ",... for d<.1ennining Ih. "'"g<
of mooon (RO.\I). lIu' of wh.. ""I imjw>n:u>c£ i, thi, infom"rion to lhe dinicim' Th"",

"U",be", aIT mOre for the le!!,ol Jetertnin,oon of d, ..bj~I)· OS deflneJ I~' the Ameri"m ,\leJi­
",I A>soci>licon ,h.n for .iding in Ihe clini",1 d"",;on pnx.... Some ""'"<:Qulll'lhink ,hot ,II
p.rien" ,hool,1 h,,'e "noJm.1 to ",""'ge" Ro.\1 ,.. Iu", e'.-en though th.')' pooh.hll' ,,'e.-e 1\01

·""'oge"pr'o:>, to lx:.::-"'ning a 1'"ienl, The ,ests di"""""d in thi' ehal~er offi.'T lIlore useful
indie"o" of I'"holog}' to ....'" I(JU in ",.king lre>tmellt deci';on,.

Of the "".."I defio" in IO"'l:>oek ,-,ri.hb identifi«1 in ea,],er chap'e". m.nr "e 'he ,lin....
n'<u!t of IIljury. Th.')' include aocl'T:ln' IUlTIl:>or ,notion I"tn:m" perturb':d mot'" l"l«m' of
ttlusel<: "'''''''Imen<. "'d ab<:rronl jojnl motion "'ith rooCOlTli"nl P"n .nd Io;s ofmu",1<: endu'­
'nce. Uoli)rtun"cly.te>ting Ii,,- lh... ,kOO" i, "'~ ea'Y. Theehalknge iSl" find the te>ts lhat ..n
be<' idenufy the deficit> and that aIT ">son,Lly safc and do "'~ ""lui" crpcn'"'' ,,,- 'l"-':iahttd
equipme",. The ,estS Ih.. rome ClosesllO "'tt,ing 'hese "rile";,.re de..ri\x:d in 'hi' ch'l~"""
.Iong "'ilh gui,ldi.... for 'em <l.';gned to '1IlOntifj' potien' ,Iefici". 'il>e ,"",I" "ill form lhe
",h,I~],totionoh]c'Cli,'« Ii" lhe p,,,i.nt, l"l{'-',h., with du", for de'igmng exen;",. The ,·h.plcr
.Iso di<Cusse> 110", l"ri."" ",n hell' 10 define thei' O"'n I"<h.bilj"tioo ta'l(tlS.

The Most Crucial Element in Evaluation
lIeMre '~!ClI",ing OIl}' 'P'-'Cific to,t< or tedmi'I""", howc~·cr. i' i, ,i..1'h" pu unde",.od ,he
c'en,rol dement III .11 dia!!"""", l",ur brain! If ;'OUr own ob>en"lion and ITasoning ,"-,II, are
no, well de"eloped, Ihe besl ''''''' .nd the mo" .<h·.need technol'lg}' "ill I", ,,(Iittl. 0.. '0 ;'Ou
as 'he ~~k,,,'ing te.t ",ill ,how.

,,,-,,,ff ,'bid,od, 'he wdl-lmo"'n A",,,.lian physic"llh""]>",, l'''''I1l~"d <he "h'llOthc>i'"
I\:)rmul,lion .Pt'roach to di'gnooi......,,·hi<h i' ''<."t)' simibr to our o,,'n. Just 01 • d"eCti'" must
pi"", 'ogethe' ",i,\en.., a dinici.n must con,;,\e, "i,\en'" fTQm all .".' ...... A' .;OCh pi"", i,
mnsidcrc-d, the hH""he,i, i, e"her stn'tlgtheneJ or w... kened. 110"",,,,, onlil:c the .i'u.riun
,,'ith • en'"., the '.'IIe" di"io." i' able to obt.i" • defini,. hi>lO/)" ...." lhooJgh a parietll ",.,.
pre><m conl1ieting sign, .n,1 di,guiM:<! eh"'eterist:ics. Thi, C<JIl1pl.. i,j' me.n, no n",", than
th" ,he pa,i"n, hos, ..~np"" p"""n",ion. Such potient< m.j' I", f,nher d<,,,'n lhe d"Sm<I'.u,'e
,..!ad. of ti""e .nd 'lC1"'UU' ';"''''' chan!!"" ot thry "to,. h"'e ,ome t,;u1ogi,-.I1"rocesse> under
""j' th" complic"e ,he ..or"h. R"""c"Chanic.llno"'I,,dge i. erilic>llQ, ......", in h;'l""hesi'
~mnorion.U""lh', ,he ,~-.ru",dn""""1"< ,he '>IlC'> inmh-"d in ."n]J'mn ,-",,-..non, The «>Iution
often lies in ch."iing ,h. hion'och."i", 10 alkyi"c loo,li"I( of Ii", palllfulli,,,,,,,.

A keen "elini",l "J'e" i,. {",'u'" of ,II gr"" dinici.n,. I oftcn ..lithe "OJ}' of "hen I ".. ,
in"ito,1 to ...""wned ,pm" cenlcr .",1 p,rt of mj' .."'.... " ... to eond",-~ 'h"", exo",inotw>Il'
in front of th" ,'emer', 18 dlllicion>. The e1ini";.", i,,,,luded ort!lol>od', nc"UrologistS, 1",;".,,1
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Interpreting Patient Presentation

Form a working hypoo:h<.~;s and conrinwllr
reasse!>S the hypnlhesi~, doing the follow·
ins,

1. <::Jbscn,,:, eve<)1hing. lIarling with lhe
fI"'SI>n', 'i!ling p<:tSJu,e, 'i'ing I,om
the wa'l;ng room ch,)ir, SliInding. and
"",Iking,

2, Elidl "nd '''''Old Ihe hlSlory, Link
injury me(l'l..1nisms ~nd pain m(.'CIIa·

ni,ms.

J, Perlorm proo.ocah"" _so \"""'t It>ads,
I""IU"~, and morion, cxaccrb~I<';

wtl ..l/ relieves!

4, l'e<klrm iunclional "',,'Cos and tl'\lS;

An" tt>en: perturlx'li IlOSlu'al, molion,
and mOlO' pattern,?

tho...p;'", mrl 50 on, \\'0 went tn 'he
.... itmg room .nd were mtruductd to
the f,rst ""ti""L The p"iont rose ff\~"
the ch'ir ,m! w',lk..l '0 the I.rgo tuin·
ing ",un that "",,'cd .. our ex.m room.
'Thell I "led the dini";.", to tum .w,>}'
from the ""tient .nd f"", the w,11. l.,kcJ
'h<'m '0,011 me .lx>U' 'hc ""bm'----..n,1
nO' or\< of the'" rould ""w'rr, I "'id '0
them th" 'he}'.11 foiled,

1then de!iCrihcJ >II tlut J Iud t~>,.-,,,,-.J,

beginning wi'h the ",..cJ posture of 'hc
"",iell', w'hich w'o<, foll.fl.,;',.." ,lumped
I",,,u'e (,hi, u,u,lI)' ,ugg.st, f1e'ion
ino~er",,:.), Rising frorn the eh.i, W,>'

ini,i".d wi,h !nore ,pine n"'ion ,nd
I"" hip .>len,xm, Then 'ho h,p< ""'"
india,,,,!!, l}l'inl h."",nng donnn'ntt
fOf" hip ""en,ion ,nd g1ute.1 tleflcie''0' in
gener:Iling tho hip ""ten",r '''''lue. The
<pine enended La" wi'h ,pine cr'enioT

muscl••cti,..,ion, Thi' "renglhen<:<l the "'Ol'Lil\g di<lg'lOStic h)')>O<hesi' 'h" "'-., (onning in
lOr heott The d."ie .ntolgie w,lking I"'""r. " .., ,h<",'n with .no, ,winging hooding >t the
ell.,w, in"".d of 'hc """'Iders. Then I ohsctn-<l the d.<sie st.nding posture with thc weigh'
,/Iif'ed I'redoo-tin.tnlj' onto one kg,

Af'er poin'ing ou' ,h..., fo,,,, ..., J .""etl ,ha' !n)' wo'king di'gnost;c hn...h.,i, "''O" d;",
I>ulge on 'he ngh' poster;"r-I"e-...I side of L4.L5. Funner '<>ling >how<'<l 'h" to he t'OIT"-~,

The otI>o, ''''u I""ien" included' stenotic indi"idu,1 .lId 'xl< w'i'h • highl)' unst.hl••pine
luml", "hinge" ""i,h o...r"iffn." in ,he thoroci<: region, Afte' con,hl«ing the ..me qu,li,.'i"e
oI""n.,tion, Of] ,nc.. 'wo, 'ho chruei,", underst'xx! who' I meont w\u.." 1..id th" 'holT 0)'-"'
'nd h'nds ""c'c 'hei' best •.....nners,· In,c'e"ingl}', , bo' olde' diroc;'T" 'lO,td 'hot 'hc'}' h.d
forgotten ,hoir obs.o"",>:rn.1 skill, he.."", of .....s to high_tech "'edi",,1 im'ging_thi, w., ,
poignant ...mi",l« '0 ",hone thoir ,~"""..tM,n,1 an,1 ..,es.<men' skill..

First Clinician-Patient Meeting~ _
Eoeh p>t;en' Ius li"'i,cJ e.p..ity for ph)-.i",,1 ""orl, t;,..,'Y '<pea of thcropeu,i<: "-'e<cis< "'0"
ho i"-"ified: o,he,,",'i.. capocity i, ",..,te,l, ·[ne ohit""i"e ;, to detem,ine tho eop.ocil}', det"""i""
who' " tole"blc, dt~ennin" 'he de~eit>, and design the b<.~, ther>I';' t<J tu·t1f}· the ,hon­
comings, Ih"ing a ..,.,1 ""I' '0 IOIlou "'i1lallo-.'}'QU to con"<rgo on ,ne (."'est .nd '''''''' efficien'
journey 10 op.in,,1 hxk health, Fi".U)· yo" should I"' ......d onl), aft",,)'>U h>,.., ",r""ned your
polien' fo' ,II "n:<I R.g" condi'ion<, The follo..-;n!!' "heclli.. ",;1I ~dl' de,enn;ne aW"'l'm"
,.h.bili,.lion .,.ro...

I, ld~ntib lb< rtlulbilil'I/;<m oItj«ri,'U (tp<rifrr 1H"ltb or~aH(~oItfrrth'U), The
>l""'i~c rehohil;tatioo ol.>jc<:fi"e ,letem,in., tho ac<:ep"hle ri,k_'n-h<mefi, rot;". A perfom"""e
''''lectin' e>ITic", h'gher ns!:. S,n,:e the print;l'b of 1••Ij'bUlldmg 'od ..hlc-tic tr:>inmg aTe So
Pc""",-.,)'OO necJ '0 be 'ure ,hot.1I "",ionts undcrstond the dill'.......... be,,,, ••,,, .thlotic )1<,­

fi,rmonce uh~i,'" .n,l those for ""in r..lnClion .n,1 i"'p''''''e,l ""ill' function, ('.ene"II); direCl
.11 eff,,'" t<,,",'ord p-..;" dimm,,;'m prior n, anr tr.;n;ng ~>r p,:,ftmnant'" (soch a, ""'nglh '"
,pine !no,ion),

1. ConsUl..- put«,., ag< and gm<ral rondi';.>r, Younger I"'riont« tend t<, h..,. more di,c,,·
«<-,nit· """bits (froon 'h< 'ccnS to the ~fth decade). ... hil~ .nhritit' ,pines 'end'" begin dt~"'IoiMTt!!'

,ner ~j )""" .,,,1 ..enolir condition' ,f,or ,h>t, NOle how l"',ienlS ",'.l~ ,n,1 sit, Are the)' in
noriee'hly p",r co",li'ion, ei.he' e",xu",l w'i'h little m"..le n"" '>r he",~'an,llon>< wi.h fat
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ra,her ,h." "'u",le? It I, .1>0 ";su,,,ffl,h., p.tients I,.", be<:11 m<:<l"'.lIy' .."...,ned ."d ek....d
foe c-."liQol'.",ular <:oneems, oe .ny red n.g condition, ...eh .. 'u""","

3. lJ~ntifJ O<l'IIpiltiQII Und lifrnyk d""ih. G.ne.-.llr,)'OU ,hould b"gin hy dorumencing
I"ti"",,' d.lly ""u1"1<."" ..-h.n .nd no... thcy' ri><: fro'" .nd ",cite to bed. ,ne.1 routin.,. ",d c,«'1'­
M ."d ""'.... 'io".1 h,rn", Then <Ii""" 'pe<ir,. roe.." tow.rd ."'.. of roncem. h ...'."'1'1., if
,h. p.,i."t "'port, "'''ching TV f". 1 hou" in ,h. ewning.•,1: fill' d."'il, on 'h" 'ype ofcru.ir.
rang<' of I""tur.. "sed.•nd SO 'm. Arre' !,"herinl/ i"forn',cion .bou, th" l",cien1', d"ly rou,lne..
inquire .1""" o<cup",ion,1 Jo"'.nd<. ,\11 of 'hi' l"tOrm.,iof', ,.. hen .d<kd '0 ,foe e1i"iaIl pre­
..n'.'iof'. ,..-ill help y"u e.... I""e tornmon linlc<_ Di,engeni" 1rouhl"".re lin~<tl ""i'h prok>nged
>i'ting (p.n,ml.r1y prulonll"d driving) ",d r"l,."ed to"" lIenon. A PO";"" ,,,- I".,";n, Itf"",'I"
i' .1..., .ssoci"ed ""ith dise ,roubl ... Anhri'ic roI,di,i""" hee, troubl.., ."d ,he lik.", ,,>ore
linked wi'h ;.:x.. .",1 .<:<i,;6.. Ih., inmh'e I.rge ••ng<' of mo,ion ",d higher 1...:"ling_ Fom,.r
"hk~", >uch .. ,oce.r pi,;"," .1", f.1I in'o ,hi, ....l\..g<"y. although long-dl>"""" run"e," do
'101 .i...." ,hey do 00II. IlI'esun'.t.ll'. <like <ht ,pine: to ,he e>1<l RO.\1.

4. 0",sjJ.r I,," ",«h""i/m ofinj/lry. "'t""'I~' '0 'e.."...... injury' "ltth."i'n" ore frui.ful
only ..-hen ,he ",.1 mechani,"',.re unde"'ood. These ""ere de.. il",1 in ch,pte.. 4 .nd j, Once
i,k"tifie<~ the ",ech.m,m, ...n he linkd ",i'h sp<'Cific ti"". dmuge (much nf which i, o,her·
",i", no' Ji.gn""W.). ~'" only ..ill thi' "<ist til de"l!"ing the ther.J>OUtit· ""e,,·iso. bu' i1 ",ill
,Iso help in ,c.d,ing p",ien".o ",'oid kl.Ji"g SCt'l\.rios ,h", could ",acerb",e the d.",.ge .nd
'pnp'om,. N",e ,h.t ""n. of ,n.."" ",'ill ru.". acut. onse', ,,-hil. ",he.. "'ogre» ,lowly. Slnw
on"-~ ""l' ,,",uI, in so",. I",icnts' being un,We '" iden'ify the '''''''h'ni'''' ofmjurJ. l\..,...-nht­
less,. ·culmin..ing e,,,nt" i, u'u.II;, in,,,ked. Careful ~u..,iof'i"g .bo", "'.""" Io.di"g up '0

,h., e,'.n' ,,'illl""";(k dues os 'n ,he moch.ni"", of in;u'1"

5. Hill" tiN pari.'" d"",,'ht tiN fltt'<t""d '''d«mar"", d/ /,>,i" dnd symf'lQ..... I'ron1pl
,h. p.ti.nt to dc·":rib,, the ..>It•• po'tur"" .nd m,n','men" ,ru., exxut..,. the p.in. E"'mine
,h... repone<! ..,l:s frutn • lIioonecluniul pt"pet...i"e to de,.rrnine "'hith ti"u,," or" h.Jod ur
irri,.,ed, Th... ti",... ,hoo.,ld be ""reo.! in ,he e>:.~ ,he"'l~·.•nd the ...""''''''''ing mo".'ntn"
",mimi",,!.

~. HiIl".ht /'>'tinrt ,usmht tN~ _fpai". its I",atu;m, ",Ntb". it is ,mJinting. dnd '/"­
dfit ,unn"rtmttJ "nd "')""""'''' De",,,ption of tit" ';1'" of p'tIl i' """mme. hdpful. p"itnts
,n,)' deseril:te 'h<:ir p'in OS deel' ."d boring, .......ch),. ,i"ling.• , • point. g<n"..1u,'.r ,he b.d
region, con,in".II)' ch.nging•• n,1 SO "n. Yo" rn.;, n..,I", help ",me people ,I.....ihe ,h.ir
p.in hl' offering ,din'''''''' to eh","" from. In eh,p'.... 4 .nd 5 I de",'ihe,1 'he lin~ hetw""n
p.ln 'Y1"" .. ,d 'I"",iflc ,i"ue, .nd .)'ndrome<, Keep in "'i oJ ,it" ,h.nglng ')''''1'''''''' ",-.r
,h.;chon 'ime of.n "","'i""'ion ge...,..lIr '''!\!lest l1l()('e fil:><ooll)"'lgic ,yndromes, which e>n
,o",,~ill1t" be ",";<ti,'e to ",,,,ret>< 'h...pie......,..rtieul.r1y on•• th" '''''>e p.m. The ",u. heIT i,
,h., l"i,,-(.... "'otion "'u>! tie found ."d "'1,",,,<:<1. ,10,,-1;' «p.ndlng 'he "'I",.,,,ire of p.oin-f....
""",on.

7. 1i1kt ,unn"II)1ttffUnd "'YJ'"",es inlQlIm)/I"r, Wi,h ",di,ling,pHIX"''''. ,he dem'''t,''''e.
",d myo.ome, c.n ."i" in unde",.",ling the inmh-..l "'gmen.. ll.",,!, .nd whether the poin
origin.".. from' '1"'1.;!it' nen'" root. Foc "",,,,pie. du""-" p"'S<ure on 'h" root ,-ould ",<!i,.." •
unil......) dl .. bulge Ot' <"d-plot< fr>e\u,e ,h., ..uuld (0"," , I"", in di .. heigh, ,oge,her "'i'h ,
I"" of rooe ou,let foro"",n ,j.e. In ,hi, ""'J' ,h. ,pi",1 1",'e1 e." I.. lin~e,1 ""i,h ,he d,-mutorneQr
"'J"''''''. hu' not ,he ",-......1ti',"e d.m.ge, Funk'. ""n'. roo, pre",,,,,,, ...n "'-"CUr". '1>t'<.ifie
>I,in.1 b-el "" ,h. ou,lot n<n..,. rot,,,,,,e,,, "ith • den"""''''e or ,ny",,",,e. or On <ht 'r..·.N­
ing nen" from .IM"" if ,here i, pre",,,re on ,he cOlub equin. cenlr.lly, Th", d.nn.tome, .nd
"'J'xon,,", .re ",,,,h,,r ,,,,..idCralKm whe" fi>nmng.n opiniof' from ,he "",-,;sten')' <J1lt.in.d
from ",,-.rol """" ,h., c.n Include ",.di",,) im.gin!!. 11f,,,,,,,.,i,-. ,......nd..., tOnh,

8. Ptrfi>nn pm"""tit" /t$IS. \00 h,,-•• Iteod}' OO",,',.d ,he p,tie", sit. rise flU"" eh,i,.
".nd.•n,) ..'.)k, '0... h.,.., ...wbng di.!!",,,,,,, hl'po,he:si •. On<:e;'O<I ",,!>eel ,h.. specific Ii,,,,,,,,
ore dom.g,.J or ",n"u,'e, J"" eon load ,hem to "'" iflo.ding 1'"111"",,. pain. Thi, i, 1''''''0'''''''''
"·,,ing, ,\"n;' I"tients h,,-e ,non: ,-ornplcx pr.se"..tion'. ,,;,h ,ne,,1 ,issue, inmh-ed. Non,~ht-
I"", the p"""cni"c l>rIX"Cdure still indial'" ... hich po"" "lOtio,,>. .nd load' ca"", p"in .".1
'hu, should r.. """It,1 when ,le.IlI"ing1he ,h.",peutic exerei (';on.",lIl" p,,;"nl' ,bcriptio....
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of the oru,'it;<> the)' find e'l''''.....b''il\g ofth";. l"'in (it"''' j on thi, hst) ~ill guide your Jcci­
<ion ., to ,,-hio;h <pecifie Ii","", to ~);"I ,,,,I ""'s>. Fo' enmple. I"ml", <>-Ie",io" ,,'ith • twist
<.." pr",,,"e the f>c<~.. "hile ,he mt"ri"" sh"" ,." m.v hc "',,.,..m,,1 fo, <u",.,,-~<-J",...hil;",
(.ho.,n in <he nut fewPOP).' .

9. Perfo"", fUnctionoi ,<>You. 'l(, ,Jetcn";",, ~-h<!h", • p.ri"", i. "",,'ing in ••pin._
<"""",,,;ng .nd dlki.n1 ....y. function.1 SCT«1".re u,"--.:I. In .ddi,ion. fun"rion.1 ><:T"en• .",
u><xl '0 i.-.Ji,,". 11>< suitability of 0 >p<:cific ."-=i,,, 0'" OS. q...,lif}'il\g ",,, prior to "".rcise
pro>crip.ion.

Some Provocation Tests
Pnn""..ri,·. ",<ti"g i. int,."<I,,,1 to i,l"nt;I)' tho 1""""0." mo.;o,,', .nd lo.d, thot "'''''' w<corn·
fo" or luin. Th"y 'r< u,"-'<l to guid" the d«ign of p,in-fr"" th""p<utk .""rci", .nd ""-,kl>"",,
"'..esi.,. "> rem(lI'e the """"', The following Ii" compri"" ""me ,hot we Ii",. design«1 or
'l""'t;fi",l (0' 1."h). S;IK"" ,her""Y .rum;" the m<'Ch.ni"", of injury. it i. up to th" dinK'Lln
""r\;jng ,,-ith th"l",ti.m '0 >ct the imensit}, "-' thot i, is ",flkk", olll}' to 1""''0'" di.w",f".,
,nd "'" '0 ri,. funher injury,

COMPRESSION TESTS

I" comprt-'S,k'" !l"ts, p"t"",.. gene.,l!e ,h,-" own 1000ds and mU>! be <aull"",'<l noll0 <:1lJ,h
lhemsel,.:s bvl limrtv l>er<:eiw. "'.....~h<..,.,!>e I~lin il ",,)(!;Cned.

THE HEEL DROP TEST
Schmo<l', node> and iracwrro end pial'" "-"01, from (""""""ive ""erload. "'nnulll> damage
,vp'G1lly doc'S nol comp",,,,,,;e compression toI,..-ance untH ,Ite disc is fic,,'<l. 'Th<...-c are ~'l"

eral ~K>n test., each one "",II ",iled to """hi ish COI1tpre!I've tolerance in diiferent
postures and add dues io< ,!>e """,king diaS"""i<: hVflOlhesi,. The heel d,op test can <:aU><'
p"in Of 1<.",1 uncomkm"bic in lhose wi,h p",n-~<..-Icompres.ion in an up<igh, and IK'Ol'al
spine. Tn", r>erioSlt.'Um IMin willi", descrihe,l as local a.-.J bo'ing. The <lyn,lmie Io.ld peak
i, lISUally around 2.5 Of 3 ,imes body weigh! al seen on a fOf<:C plale (r<>gi>tering total body
we,gh,), Posi,i"" pain "'SI"-"'sc would >trengllten ~ hypo1h<.-si, ui rt'<CeOl end-plale damJb''-\
Of pet~lPScomp"'''''is.e 10 t~ verreh.all>ody (cancellous I~)-rl<~ <!J"",ge, ost'-'<.'flO"Jlic wedge
f,a<:ture. etc.!. If t!>e p"lienl adoptl a more ",'ended posture, and l!>e comp!"-"\'ion il repro,ed,

pruvo"'-'<l p"in may SUgg<."" ororc post,..-ior booy damage
such as 1<.> the facet jointl or neo<;).l ~rch,

T"'" pahentl come 10 mind. The first had T9 wedge
IrJCture, andu~ h<.'C1 d"'P (omprc>>ion, local 'IIi"" p"in
(1(7\\"" tim...,,;';) was coupled with ,,-'<:IU5 abdominis sensa·
tions 01 numb""" (,('(lUI is in"","aled ffOlll this spi",,1
""-'cll. The ,,-'<Cond p"lienl had prosthetic dise, <II L5 and
L4 'og<.~h<"- wilh J fianertl'd dist: al TlO. Once agil,n, 1!>e
heel drop pmduce<llocal lomltar polin together wilh ree'II>
abdomini, per<:cption,.

The >tilnd,ng h<.",1 drofJ l<'SI is pc..-form..'d wi,h the p"'ient
rising onk' lhe tl.lll, of l!>e ieer (al. The p"tient l!>en d"'P'
down 10 " 11at fool, (atJ>ing " rapid compres"", load ui t!>e
5pine, Wh,le ,he test is coOOlKt<'d C~lJliomly, "'ltl'Jl<'t1 lriills
...-!>en lite p",ient i, p"in f"-'C m.'l' !>e n",,1e more aggresliV('
until a figid drop produc... a lumbar <:omprc>,i,{' magnitude
up 10 abolll 2,5 11",,-'" body wdgh! (b).

• ,
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SEATED COMPRESSION TESTS
Scated COffiJ>fe,,,O" teOlS J>fovide i"'ight for determi"ing
whether 1he CO"'tl<ffiio" imolerance is modulatl.~! by pos­
lure, r"" e""mple. fIO'Ierio< diloC herniation' generally lOk"at"
comp'",,,on bctll"- when The ",""" i. i" a """tral PO"""', \'C1
1Ilt.'!>C I~ltient' fc<:I 'cry <"",a.y whe" the spin" i5 ,lcxed-lhis
make.. I""leet "'rl>e con'idering the injUl)' """,hani,m thai
relk.. so heavily on a fle'ed Sp''''', The ,,-'ated cornpr<...ion
le..t is helpful ""..-c. Ha>1O the p;,tie"'t si1 uptight and pull dow"
on the stool seat p.:ln, tllen rep".11 wi1h the 'Pine flexed with a
,Iouched ,ining postu,,,.

The pholos show (a) scated COfJll"l'S5ion with the 'Pine i"
an ul"ight posture. (b) then ,,,,,,,.11e<! in a .Iouched po>lu",.
The p.:ltiem gratis the "de of the .rool and poll, down, com­
1)(L'S.ing the ","roe, • •

EXTENSION TESTS

Spi"" "'ten,ion a, a pro.<>cativc tes.! can bc intetesling. '" lile mechanic, invol"" "" ....al
Slructu "'':S. !'orcxamplt'. prone ",oIa"V ext,;n,;icM1 (McI'e'" ie postures) may rei ""'" 1,,'1", suggt";l­
ing 11I.1t 111e I",in waS di~ni<;. Altho-ugh lor ye.lrs the mechanism w... thnught to he .1(t0.11
"migration'" of the nucleus anletio<ly, r""en! wOfk has .hown a more irneres-ling phenomenon.
As the annulus slowly and 1""8"-'S",,,ly brcXhL.., layc" by lay!'<, nucleaf ""'tc"ial inmtrate,
tile annul",. Prone extensicM1 n,1S been slxJwn 10 "wring 001" tile annulus and squeeze lhe
nlld"", iluids back ;nto tile annul'" in some P<'tients (Scannell and McGill, in """s\. Bot thi'
also oc'JX'nd, on the lype of an"ulu, (\,1""'8" and i" location, Obviously a rf'Ofe postc..-iorly
locat<.vllJ"iJI hcmiation ,1>001(1 "-'spon<!to th;.bydrJuli<; med'ani,m. Some!;"..-" the delami·
n.:Ition> of the layer> ;n the annul", t,....el around to Ihe lareral, and """n anterior. por1ion, of
lhe annulus, In Thc-!c cases, extension may dri,e more noclea' ""'tetial antt..-io<ly lollowing
II'" re", Of delaml ""tion. Clin"Jlly. a ",Ic l>end Iknov.. n a. lhe ""de gli(lc" ttl McK~"'.i~~l>;,SC(1
cI;n;c;an$) i' efi"",i"" 10< some p.:lt;e"'$. We would ,peculate that t""'" may be the ones w;lh
I"" latetal deIJm""'ticM1" The 'ide glide Is the" followcd by eXlension, whkh, once again, i$
efiecliot' lor some. The nuclNr rl\;ltl"i~1 may be tben dir~,,--'lL'li llJ(k to 11", cem",1 nocteos or
may be d,;""n back to ih<' la~al rent

MCKENZIE POSTUIlETEST
The patk"l oc'g,ns i" a rcIoxl'd standing posIurc, and the clini_
cian asks tile I""kmt ahovl C""Cflt IlJin an<llhe 8""'-'I'al feeling
aOOul the IlJck. Then the pa1ien11ie5 prone, adopring one of the
follow;ng lOr"" ItN'-" of the McKCfllie posIure 1""8"""''''' (the
clinician OC-ddl'> which is suitabl" lla....,.I .... the paHent'$ flexil>ility
and ,ymptoom):

Prune with the Jrm5 ",law (.')

l'rune with the chin resting on the fi .., (bi

l'ruoc WI'I'<ml'd .... the c1bo:Jws (ci

•
•
•

If the pil1k'nt ca nnor tok'ate on<! of t""'SC poslu"", the cI I" Ie ia n
can aswme thal "mille diloC disturbances are nor the soorce of
Irou!Jle>, or at ic.:Ist OOllhe sole source. Many with uncompl;cated
fIO'Ic'fior disc lesions. or r.....-n'JI""". find rcli.... i" Ihc-!c postures,

The IlJti~"'1 rhen ",~urrt$ to lhe ,!ant);ng IJOSlure, A p.1tien! who I~:~~~~~~~
f""l, more stable Of has Ie» P<'in compilred to the moment> rrior
10 lying 1"0"" i$ cla"liil'd as poslCfio< diloCogenic. "
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I"'tienls who are lX"l<'fiordi"'ogenk .r.ould amid flexion str<'lCt.... and a ~cr~'<J 'Pi"" undef
l(l;Jd wncn pcrlonning c»;c..(isc lherapy. Those "ho leel "ursc upon standing coold ha~ a
ho>t oi "'her iX"'ible condilions but will prolMhly experience belter progf"" by adopling a
"'-out'al to ,Iighlly Oexe<llumh." fIOSIure 10< <'.e,ei", therapy,

TESTS FOR DETERMINING SUITABILITY FOR ROM TRAINING
AND STRETCHING
The McKenzie extension appro.lch i' ""Ii known ior trealing acule discogenic tmubl.... BUI
lhe C'<len,,,,n postures Can all<> be used as a test to id<'Il/ify1~ with po$l('l'>ur disc troobles,
Typically, these post",ior discogenic p.l!iell/, should """('I' flex tnc lumbar spine when it i'
undef >Ubsl.lrIliallrnding. See the "McKenzie posture tl'Sl" I<.'<.'tion.

STANDING EXTENSION TEST

CiaM;ically. thc extension IlOSlurt.'S ha~ bc.:n thoughl '" indKale posterior de"'''''''l or fI<'Ural
arch da"",8". Ho\VC\''-'', as with disc pilthology, thiS """c"",-",Iion proyides only circumstan·
tial ""klence. The standing extension J'fOI-<lCatlon test, indude the extension quadrant and
the 0fl<~1'1ll,'<..-:ISto<k test. Iloo:h postures I(l;JO lhe IJC('f (al)SuleS. compress lhe lam anieular
interface. and t>cnd the P.l~ and lami"". They al;o close down the sizeof the lateral nerve mol

fo<amen and ten'ion the anterior
longitudinal ligamenl and ant,'f'or
annulu,. Unde'st,lnding the inter·
play betwl'<'n lhese ti"""" hell" in
und<..,,;tanding the signs during the
'l.1n,l<ng exten,ion postures. Fnr
example, "'gillal plane extension
rn<ty cause Cl'l1lral pain lhat i, Juttho-...
e.ace<l",terl by lateral bending to
lhe righi, lhen Iwisting 10 dfO\! the
righl sOO<.tldl'f back S"':>wn in the
phoros are (a) standing extensiO<1,
(b) ""tension quadrant lest, Ie) 0flI'­

legged stork 1l'Sl.
The main irnpliC,1lion. as wilh

""'ily provoc,ltion lestS, is that the
rea<:llon to c'tension postures pr0­

vides Ci«umstantial evkk,ncc. Who--n conlhifl<..-:I wilh Ulht'fcovidence, lhe impression and "".lf1<.
ing diagnnstic hypolt....i' Me strengthe"'-..-:I Of wrokeood. Relief with pr""" extension appe~"

10 tie a mong indicator of discogrnk pain from posterior annulus damage. 001 exac"",-",tion
oi llain «-'<luires """" follow""P. How-ever. in wrrns 01 designing ltx'f"lly. the jJJi nCXJ(l"WIOf
(,In e.tended spi ..... in thi, casel has been identified ~nd !-ho<Jld prob.,bly tie avoidl'<!.

NEURAL TESTS

rain is SOffI<Wro.'S w,ongIy attributed to "tighl mus(;lc" Whl'" the !W"'-'Si' is an""lly ;rritltl'd
"""". I'mpef diagnosis is ~n importam i,sue be<cause the 1r<;>Jtment oi tight nlUscle usu,llly
"",,,,-,, an irrilated nerve "'-OfSe. The clinical techniques discussed r.er.. will as"st in ...,hane·
ing palient ouK""",.

SITIING SLUMP TEST
5<..........11 forms of the sitting slump lest Can be ""''(\ to ~,idl radialing sci~lic sympwms. Tht-se
Me designed !<lIen,., the SCi.ltic nerve ~nd irrit.ltc the luml..., n""'" roots. Typically tnc P.llient
'its on tnc lable or chai' and then slumps 0< siooct..... The ill/""tion is 10 progrl'Ssivcly increa'"
lhe nerve Ie",,,,n.
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• thc leg can Ix cxtended
at the kilt'" fa}, t<onsing tilt:
nerve ffm1 below the Illmha<

"""";
• fooIlk,ioncanbe,'dd.'.HH

fUrllle' lenling tile ""","
aod finally

• the nerve ~an be furthe'
I"">ed irom atn." the IlJIll­
bar region with lhe addition
uI {l.'tVi("al ~i ne ~c,i(Hl (C),

tithe tension .,t any of tllelC
llagesCohJS<'$lymptom>. furllle< pro-
g""li", lesting illlOJ'P"'d, aod tile L '
rJtil'l'l1 may be a CJoWd.1te lor n<.'fVC a /) c
flo5sing (desc'ibed in CMille<' 121-
Certainly tkxion will be c(Hlt,aiodicat<.'d for Ihese patientl during >lR~chingand eXl.'I'Cile.

If flexing lhe lIt'Ck docs flO( ir-.;:,e.'lC the rJin, then the leiatic 1It'lVC is rXJ( lhe tissuco! iOCcresl
and the dinician can begin ,'~ing tile s.>c''''li.lC (51) i",nts, the fI.'mllJ'irw;. I'i'ifnrmil, and
Olilef mulde-based ,yndr"""-'l. ""ding Wilh tile hip. I-lowev<"., the slump test, in thil f{)fm. is
Iimited--a rtXIfe insightful 1It""C tensioni "l! t<'Sl (the pass,,,,, It.'g rai", tl'Sll is de!.ldbed follow­
ing the description of tile Fajersztajn Ie>t.

FAJEIl:SZTAJNTEST
The rajerszlain rest lhould alw,'ys be petformed on both II'S! even wilen the s<:;a1ica i, unilal,,,.a!.
~ailing the """II leg" is n<.'<'dcd to perio<m tbe ·"11'11 leg 'ai'ing lest of fajerszlajn" (Del'alma
and Rothman, 197m. Raising the ~llleg te",ions The Ol'fVC root (Hl The well side '01,'('jI1<".

wilh causing lenlions cen"ally along tile midline of the cauda equi "" and to Iil<: nerve roots
(Hllile OJlPCIlile side (a). SomelilTO'S pain il prm-ol<ed wilh simu!laOl'OUS c'-"Vicallle,i(Hl (bi
~in in the Symplom.lliC side lsioc rXJ( raiSt'<l) is an ",ganic sign 0/ di>e le>ion, U'S<J<Olly a rtXIfC
centr,,1 !e>i(Hl. k is not a sign of m.'lingeting., \<l<llC ha...., lAJll8f"t<.'d.

SUPINE PASSIVE LEG RAISE TEST
re<:hnique while perfonning lhe leg raile t<'Sl il wry important. Both r>e<Jraltc"'ion aod mus­
cular tc",ion arc <hanged wjlh raising Ihe kog. as "ilh the si"ing sJump Il'>l. Tttus, during 'hc
leg rai",..-.me patient, will "'I"'" pajn that originates from muscle te",i(Hl. To lOI'! out tile
difference, always place one Ilaod l>ehind the knee 0;0 that lile finge<> can palpale the Ten­
sion i" tile fI.'lllString tendons (!<-'C pl>otos (Hl rJ~'" 1%), The palicm's oc-s<:ril'UOn of pain also
assiSlS in tile impres,;or, of wl\e!lIef lbe pain is from roeoral or mus<:ul.lr t""lior1-<1<!Ural pain
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will trawl beyond the IlOfoc'fs of the muscle (~hafl' follow the ",Iali( tran in the bunocks
.nd IlO-*"" the knee).

If ..........1teMion is pre$<."Il!, follow up with lhe detetmi""t;on of whelher lhe """"" root i' free
10 IIo>s. With te." fl"ti<ml rl>main,"S in the """ne JlO'!ure, lhe fl"in-gene<ating it'll is raise<l to
lhe fl<.Hm of rain, TlI<: he.,1 Is r.iSl'll with (l>fVlcal fie,...,,,.•nd If that c'acerOOtC:lthc It'g ral".
thl' Indicales that terrslon of lhe ..........11(a(t from ahove CX.1cem.1tes the pain, Then the ~ Is
lo"'creel s1'ghtly. "",,,'Ialion ollhe fl"'n wilh Ihi' mane,,,,,,, !'Slabl"r.es thai re"'asing lension
in Ie." no,Uf.1 Ir.ct from l>clow lwhile the tension from abo:.Y>'c rt>mains) all",","" the Ill"'.... nxJ( 10
rei... Then relurning the leg to lhe 1()(l11<'f IlOSllion lhat gener."lted pain .nd fC/umlng the h"ad
10 the f!'Sled positioo on the table should redoce the pain. This procedure willl'\o1illlll'h tllat lhe
1ll'fVC nxJ( IS flossing ,lnd "'" adhcrL'd, An adho..'fed or pllllhcd Ill""'.... rOOl will rl(I( r.how diih·
ent pain patterns Irom the cflOfdin,lted cervical moIlon des<;rihed here. While we have Il('('n
able to b...,ak Ill""" root adr.esm (poslSurgical) In lhe pa>! with flos'lng R'8;mens. lhe <is!: of
(fcating e'arertJated ",Iatlca Is IarSe and R'<juirl'S >!rid gui,l,:lI>Cl', dlscussc'd in Chaptl'f 12.

' ......------......
Shown In the phoIos is (aJ leg raise<llo point of pa'n fI'O'uca"on. (b) position In " wilh

cervleal !-pill<: fl""lon .doc'd-r1(lW the C('f'Iical spine is flexl'd, dues th,s make lho:> pain
I'\oOfS('I----then (Ci low", Ie."I~ Ihi' ""Iuo:;e ,~mplomsllf~, the f"',"\'(' i' tlos'ing. No!('

lhe technique of ",adling lhe leg In the (rom 01 the a"" so thallhe 0"8"'" can fl"lpale the
hamstring tcnduns.

While perlormlng the supine passive leg rai,." monlto< mLJ<£le tensioo lly using the Ilng<,(,
10 palpate the hamst'ings. The leg is (.;,,-'<llo the poinl of p.1ln provocation la). Th"" the c<,<­
,ical spine is fie,ed to furtl1o:.'< tcnsioo the !-pinal c()(d !Tom at:xwe the tum!JJr 'OOIS Ib), If the
l~lin i, e,arertJated either in the l~lCkor along the scialic t"(1 in the Iowcr e",remity, r1('(J(al
I<",sion i' (oo,idered the (ulptl1. Then the 1l'8 i' lowt"'-'ll (e). If the fl"in i' 'educed. this Is a
dca' indicalion that the no""" rOOl k rl(I( <>dl'len.-d.

REflEX TESTING TO FIND BEST POSTURES FOR NERVE MOBILIZATION

Peripher,'l t('Ilexes such .. the pall'lla, re/1"" Of theAchillC:l rel1(" a(e nlOdul.ted lly luml"" rOOl
I""'ion or compm,,,,,.,. Ho""",,", the actual ne<ve toOIlension lhat is modulaled lly JlO'!ure i,
ra,e1y coo,ioc'fl..:l. For ex.mple, the rali""t with a dimini,ho..'ll ""Ie1lar rel1l" dun"S the typical
lIJlI"ight 'iHing f.'Wure willl>e rewrded as con'4"omised. y(~ in !iO<11<' of the>e patients. the relK:x i,
"--'>lOft'll wIlCn tllC posllll'e i' (hanged to reduo:;e the """'all<.'flSion. In this """", a logical poll"'"
V>OlJld be 10 h.1ve Ire p.lI"," lie bock. Ii a WUI'il'-'< Rollo:" wilS """'.......'(1 in this ,""-W fOS'lII'O', ~

V>OlJld he ''Sl"hli;l1r:d th.lIthe "'fie' il po>!u"ll, and therekll"c b~.me<;h.1nic"lly modulated

TEST FOil POSTURALLV MODULATED IlEFLEX DIMINUTION
Reile' intensity is ~'Valuated a, • lunction of r1('(J(al tension. Adiu<! the ,.,ated posture 10
modulale the """fal tension to delermine if the relle'''' are modulal<!d-Ior e,ample. in a
fleXl'<J posIure I~). causing Ill"".1 tension. Uf an ""ICnOell JlO'!"re (b), ,I"dening the n<"",.1
Ira(t (or other posIures in IIl~weenl. II a >!ronger <etlex r<'WOO,., is generat<.'ll in (lOSlure b then
Ihl' willi><' adaptC<! """ng "11"'sing" 'OUIlnes (..... page 21 n

Copyrighted Material

http://www.go2pdf.com


Copyrighted Material

'"

........
TESTING FOR LUMBAR JOINT SHEAR STABILITY

Ch.:Il'lers 4 and 5 oIier ,1 w~II.lJe,.~klf.oed diSClMion 01 the roi~ 01 the IlJIllh.u ""t<:nsors (longi~
,imus tho<aci, and i1iOCO'>lali, lumboruml in~ing anlffkJr-JlO'l"'iof ""'J'oI the vMeb<JI
moo:ion segrnt'l1tS- l"'-~ musck-~ Sli;NJ" againSl u""abl" mu,ion in the ""'a' pJar.e, In fau,
good Slabili,.1IiM exercise mlJ5/ involvet~ muscle5. A ,il1'\'", manllal t~'SI for IlJIlll"" joint
,hea, "ahilily i, r>'"",nted hew. II the """,II is JlO'ili", (i.~., lhe pati~m ha, pain prO'o'Oked 1>0,'
~ear inSlabilityl, lhe patil'fll coold be""fil by rl-ducing the alx~ram""'a' moo:i(m ilnd will 00
well with "ahili','ti"" ~xe«.i>cs thai gf'(l(lVe co<:oru'.<;Iing moIor patt~...'" 01 the ,he", r1'IU5'
culaw", It ticks ~t at.. 2005).

MANUAL TESTING FOR LUMBAR JOINT SHEAR STABILITY
The J"ltil'flilies prooc wilh lhe body "" a labl~, the k'gS 0'V<!f lhe edge, and the 1«< OIl the
flour. The 1)(.~SOil muSt ",lax the to<'SO ~'uscul~ture. The clinicia~ lhe~ applies di,ea !(JfCC
dow~wa,d onto e.ch spioous proces~ in tum (a) (Slarting Jllhe saC'''''', then L.>, L4. Ll, etc.1
The f{)«~ awlled shuold be 110 """" thoan 1 1<fl12 Ibl, and is awlied in an oscillat"'Y way to
·rilttle· the segmem. Unstable segments are idc",ifi~'{i ,'.-hen either the ill""'" fl1lU'1S par~ (Jf
lhe clinician feels actual \he", diSfJlJcCffienl. bullhe p<1Ii<:nt'~ repoo1ing of 5egrlleRl'§pe{ifro;
pain. io this case. is gi""n more consideratiOll. Then the J"ltil'fll is ..ked 10 slightly 'ai", the
legs oil the f\our to C""troct Ihe l>.Jck e>:te~ (b), 'The dinid~n ""cc again awlk'S ;Qrce un
e.'ch !f'ioou, process, using the ",me teehni'l~as Wore, l1y virt~ 01 thei' lines 01 action.
the luml"" exlc"""s will redlJ(~ shw'ing in<;lability it present. It pain i, pr""-"ll in the resting
p",niun but the~ disappears '" s.ubsidl~ with the ~cti"" cocuntractiun, the test is JlO'itrve,
P.lti('fl1S who i~diC.lte m::>re pain during a<;li",~ c""lra<;lion may he comp(essioo intr,k.,.ant,
Or they rlliIy be trying to ext~nd thei, legs with lumba, e,tens<oo mher than hip extMsion

•

,
••
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Com'etioo of Ihi, ab<.'ffant pam.>fn """I help make Ihc t'-'" more pwdse. This 1'-'" 1"0"" coo·
du';,.-.4y ,hal activalir>g lhe ""-R"""-"S Ma!)ili ...'S the shea, in,la!)iltty a",1 climin,'tcs lhe p.ain.
N"'" the t'ick is to incorpor,lIe these extensor molOf patter.... into e,,-~>fCise JlfeSCripliollS 10
carry 0VI'f to daily activili",.

A Note on Motion Palpation
Som" c!inici.n, usc ,hei, h.n,1s to red 'I""'ifi" ,,,",,hr.1 mot~'" duriog' ""OOI._\runk motion
su"h " Acxion or ,..-isting. When thc")' <k,,,-~ • "hk.::h>J" Of ""iff_f,-cling" "'gmcn', th"y oft"n
,ltd.", i, ""hologiC",1 .nd m.ke it the "'''!jd uf mob,liring ,,",,meOL Clioid.n> ror.I.\', ho...­
e,..', consitler lite A""ihili!}' in ,he >pi""", I"""""" ,,,,I bony """..,I,>cl1 noted in dup'e' 4. -I"", of
my PhD ""<kn,, ~""""'",,-od ..-"'-~h<,the ""ymmc1rr h:d u, , specific ~Hn' "..., true 1",holol:Y or
.iml"J' .S)'llIl1<.W ",,,,,,oj'--pem.... :IS},""'etnc bert joIot> (Ros" 1l<.1't.71tiek, ",tI ,\ Ie<1; II, 1m~
By e>retiJlly """"men,ing the motion """"mng " ,Ite m« ....1 in the 'pinot" 1"'0"<'" in C,<l,,"eric
'I..'CiIo<'O." wg<1h<, ",-;th the 'll,li,,1 klO<k (s"oilo, wdioic:ol klO<k~ the}·""re .hle w qu.nrii)· ,he
dfrtt of .,,.lUIOy, 'T1l< 11.-su1t> d<""",<tr:ltoo th.. ,,,-er lulf of the "lOtion fdt bj' ,he ch"iei." "'-0'
""",til" lite ,pinous proces' flexing .ndl",nding(see "!fU'" 1I.n.nd no' ,..,r(ehr->I booy mo,ion.
-11""" ;run.. that ",'ere .n.."m;...lIy '5jmlOotnc h,,1 "J,,,me'nc moti"n "ntleT ,n ,pplied In.d
from <he dinic;.". T",..ing such, join, ",i,h "",I~li",ti()" thet>py """,ld be fruitle«,

Distinguishing Between Lumbar and Hip Problems
P,in in ,h<: huttock or r"li>ting ,Iowo ,Ite leg (or both) ClIn h"'e more th", one >0\1"". For
cff,,-~;,,: 're>tment,}'OU must di,m,..... , whe,hcr thot <OU11...... i, In tI... iumw 'pme OT in ,he SI
joOm" ,,' ",";ous muscle" or in ';,>\Ie> '''-'''I\d the hip or ",,-en !l'e h;p pm itself.

[ .m continu.lly surpri,d ., ,h. number of p,,<>pIc wi,h h.ck tmuhle. woo .100 n.1·e hip
trouhles (,',1<(;ill ",d ",Ue.gut:' P0031 ",,,,,[, m"d.tln" be'ween h.ek 'mublc", .ntl hIp

00

" J00

g 00

j 00

/'00

P
N Actual ve-n<i'bfa

/ -" Spn;>uo pro<;e"
$ --"~, " M

"
DioflI"""""""t (10m)

F;~u", 11.1 lat,>f,IIOKes we«: '1'!'1ied to the tip'" the >pi""", f"'Xes, by clinic I'''' ttle.ttla<'Cfi.c
ITItltio<-, "-'l!ment' 'tl mimic ITItltio<-,_palpa'''''' "'Sting. Mo>t t>I the ITItltio<1 "",o>ur<ll in ,he Sf>I""'"
f"'Xes•. which is WM' the chnicl>n {eels. took place in ,he spinou, f"'Xes. be<>:Jing r>the< tlun
in the d'>e Mtl'<o·"".•'}"'lmetric aOoltomy rewitcll in o<ymmetTic ITItltio<-, when It>.Odcll ttl mimic
,he clinici>n', lund iOKes, 'ugge<tin8 that ,h" 'es' should 001 be L><ed wk>4y 'tl dc~",mi"" the ,lte
t>I rr.t>I>ili,ing treatment
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",,!hologj' in ne,ory "'wk....), It ;, .o"''''i..... diflkult '0 ",,,,, ...,e hil' IlOi" from ;"",bor U'O<Iblc
';nc. d""p b"ttod p.in ",n I.. sci.,ic (I"",h,,) ".. origin.t. in ,h. hip joint. '1~,.c.IIl'. medi.1
",ol .n'erior 'high p>in .,.., in,li""",« of hip path<~('!Q" If hip ,.". are indin'erl by ,h. "'Of'''.
'''''ion ,e.., ol""'ribcd in <he 1"""";OU' soc'ion (i.e.. tlle)' ",.re ""If"i,,,). A.xion ."d rot>'io"
,ests .<h<>uld I.. perform",!.

HIP flEXION AND ROTATION TESTS

H3'~' th" p"t",nt Ii. supine WIth th<.' hip ile,N. 1(0I,1tc the ,.,ticn!'s thigh 1<-,&"",,111 into hip
inte<11J1 fOIJtion (J). Sliffness ()( p"in is J positive i",liCJlO< nf hip coneer"". Hip pnt ,.,in
i. """",,,hilt distincli", with radia"on into the gfOln, or along Ih" inguinal crmse Of medial­
anft.>rior thIgh (or """" combination 0I11w."lC), Then A~'X too p"tien!'s hlp (hi while the k""'-'
i.1llO<o'ed in cireular tnllions. scouring the iICt:lJI....lum. IIUI wi'h the knee hent SO JS not «)

confuse a~ p"in with ",-",'e le....i"" related to the had

,~

.L',........,..,

Some Functional Screens
I'.i" is I....."t Ixa"",, ,l>e back ioeurrend, • ",'e.k link. Function.1 ,eo", l>elp '0 SO" ou, ",h,·
th. back i•• ",,,,k link ",ol l>elp ;",Ii"". wh., IS r<:qu".,1 to hoi"... 'he ol.fi~;t. Some t.", .",
posturolly b,,«1 ""hil. odl<T' :OS",,, mn'rul of mo'ion.

POSTURAL TESTS

The following flO'Iuralll'$lS are I«J' helpful. Recaillhat SCI'I'eIling need not invol'" manipu­
lauon or .pcdai JlO'iuons. Some of the rros, ul<->ful "tests' are ,imj~Y a maner aI imcHigcm
obst..-vJti'Ml.

THE SITIING POSTURE
Whal is so incredible is Ihal p"liem. wilh Iroubled back. rrosl often sit in a
way 1h.11 CllIS<-'S rrorc back troobl~'S. For c><ampl", piltients who'how fie'ion
in«~er.1nceduring pr(1)'OC.1ti,,,,,!l.-,*, oflen hilve .1 typical fi"ing flO'Iwre thaI
inl-<ll, a 101 of spine fIe'ion. In a ,imilar w.>y. lhose who.how ""lension
inlOk rn:e will rrore often ~I wjlh • spine lock~'1J into .'Ic",ioo, lhus,
lhe ,jtting l)O!;t"re is II>e first clue in nyl)(llhesif bm."ion lirn:e thif i. oIlen
lhe JlO'Iu<e lhill il first ob5erved of the ralienl in the wailing area. Silting
in the wailing room in a fle><~1 flO'IUfC often "'AA"'lS. 11e,jon-intofl'ram
P.1tll'l"It.
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RISING FROM THE CHAIR
Rising irom a chair can be ""'Y "-"""ling of null'lC.'fOlr.; mol"'" aoo molor fl.'11...... fQ( example,
lor the flex"",-imoll~anl fl.'tknt, ,ising jrom a chair i, initiated fi,st by """,,c luml>ar flexion
and l-ven \OIl...~lrrot:!i hip exten,,,,,, 1'iCe p;lge 181). Such p;ltient, are meNlog to cxa<:erb<lte
lhe fl.'iniul ti,,,,,,,, p''''''nting lheir re<:~y. A con"""'ing approach iQ( the f1exion_inloleranl
spi"" WI:.'.lld be to initiale the rTXI'V<'fTl<'nt with a liking of the chesl, causi~g lull'bar ."Ien,ion
first with c........-sponding hip l1e>:.ion motk><1. The It"" arc ur,de,ncath the center 01 mass oIthe
body, a~d hip exlen,ion drive i, domi1"\.l!i'd l>y gluteal ntul"le aCli,·.1Iion. Hip power i~ Ihi,
ca", i, oflen help"d by "'iking the ""Ivis forwa,d in lhe chair aoo rJIanting the le<'l wider
.1i);l<\ "" the floor.

.0.110, rising from a chair offen reveal, spine "hinges'-The>e are region" Of motion *8""-'nts.
where • disproportIOnate .mount 01 the molion OCCUf';. The>e overll><.'d region, are ofll11 tl><>
Site 01001 'ymplom!. and until they arc addressed. lhe l>ack ofren """"ins ch".,.,ic.

Motion <e>lMetions 01"'" than in the >!'i"" may also he oh5erved, lor exal11J>w. in the hip,
kr><.<', Q( .nkle. These rC'S!riclion, may be c""l!licaiing the hypolhe>i,.nd may Q( may 001
1x..:{)ff"O: a wmlloneot 0111><> l>ack tht.,.apy.

THE STANDING PATIERN
All"""" 01 dUL'S arc ....""'ak.'{I In the staooing pOllU'C. Simple p;llfl.'tion 01 the standIng p;llknt\
lunll",r extenso< moJsd,~will "",.",1 ii the IWil.'rlt is r.hronic.1I1y crushing the b."k wilh ""len·
SO<" com'ilCIion. Simple l'O'Iu,al cQ(re<:tion< >uch ., hip exten>ion, relriK1ing lhe ,houl~
I'O'Ic<ioriy, pulling in the chin. and >0 on can shut lh<..,., musek, oil.

No amount 01 muscle rel,"ant> willihut oif the F);lin!ul badr: muscles if the fl.1tient It.1nrh
in a sloucl>ed polIure. Standing 10 "",re lhe spine ""lui .... a finely l<Hx....1 blend oj polI",.1
adlU>l"",mS and muscle activation patterns. 0"" COITl"'tion is to "It'''.,." the thumb! in ,"'temal
rolalion. refracting the shoukk.vs {see b an,1 ClIO a >!lirll~S;l.1fing COfTC(led p09ure

Ye! OIhef patients >land wilh 00 ""'J""able exlensor or abdominal rl1<J>(le actlvali~hey
,,~y balance on their fl.'"i",' ,,1.... 1e spi"" li'SUl'>. The>e tcoo to be those who h.." Ihick
torSOS with fiJ<x~l aWorrllnal walls. for thelc 1~1tient!, cor....'(lion Jchi",'ing IJJln reductio"
involves mild Jh<lominal contraction; 2%0<' 3% of maximal \'Olum.1ty coot"'clion iHOIl>idered
normal abdominal 1'1.11 muscle "tone' during staooing Ouk... et .1.. 1'J'l81. The pholos ,Ixrw
II..., ...,ooing I"'"l'fn, la) abl'ffanl, lb. c) '·'t",nai r",atl<.><1 of lllC lhumiJS willl Chin ret'a<:tion,
and (d) Cor""Cled posture with no cllrooic back ",,"scle cootr.l(Iion.

• • ,
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THE GAIT PATTERN

IS walking a pmvuklng t..kl II so, can It be
turned into a therapy! Many c1l1eS Can be
obained du' ing """",,,'at ion <Ii wa I'" ng palterns.
For example, ,louche<! poslU"-"S, ,mall <l"P'<
.wl"ging ,""'I from tile elh..""., ·<lud feel:
and a 1O'W-cadC'<Ke >hume .,e .11 S<Jggeo;tions
lrot walking i, an eXJcl"batong JUivity fOf llle
p;:>nent. Cor"-"lling rh<.-sc will turn walking from
.n eXJcerWllng Jdioity inlO a thcfJPY. lifting
lhe c1""I, ,,,,inging lr., am" from tr., ,!louk"_""
takirlg longl" and r"Sler Slep!, or cor'c..:ting
"duck leel' ",III oIt"" ",Iieve p;:>irl (I«' photo).
The Ijoroc'<:ronical chang<" 'how rT"Of<'efikk>n1
\lor"go-: and 'l<-'-"""Y of elastic en~orgy. amJ<llly
reducing Sj~ne load-; with Ihi' "l'IlI'(IJch FUl1hcf,
walking I, changt->d from" ""lic ..,ine Jdi,ity
intu " reO!"'ocating motion and Io.Jd aClivity, .. ..
The photos show tile g,lit p;:>Hern, I~) a!>errant _ b
and Ib) CUff""ted,

ot»<""lng Ihe dyrl<lmk' of the fib ca~", rel"tl", 10 the pel'i' i,
also 'we.ling. A IUM),}' ",I"'~ may he ·out 01 controi' with I,lrse
moIion; p.ain in lhese p.alie"', I, often relieved with atKlomlnal
bradng pilH"'ns, \'l~ oll><"" ",ith lumbar 'ymplum! may be ove<ly
Slill In lhe lr.o.,lCic and lhoul<.ler regions. with rlXJIlon occurring
only in the lumba, region. Too many \«Jng males woo a", body.
oculding fall Irnu Iii" cat''gU'Y. The curmalon I, lU have lhem walk
with lillie !illffn",s ah<w<: lhe lurnh.1r region and with S<l<lle SlliiO<.'SS
in lhe lumbar region. De\'clop<ng some ·attilude" during walking
oII,'n helps. Using ph'ases S<Jch "s ·",.Ik like \«J own the world'
'" ·walk ",ith no wun-ics· oIten lightens the upper regions IU u,,10..1d
lhe p.ainfulllJl11l"" spine.

Anulher tCSI invulv.,'S "",,,,,,,I COIl1Jl'<-"Ssion 01 lhe Iliac ((('SI! or rhe
lro<;hanti.'" oi the hips. This may alleviate p.ain, .uggesIing thai some
instability in the pelvk fing I, a calJS('--pI'1'ha", pub<, symphysis or
51. This WUlJld require some consioc"aliun for I~vk inSlallilily.

MANUAL ILIAC CREST COMPRESSION

MANUAL TESTS FOR CONTROL OF MOTION

Coolrol of1OOIion requires all 01 the atlriOOleSoi p-hysiCilI perlormance-------<mlor conlrol, S!reng!h,
enduranc... 'I'"diic flc<iljlily. and so On. The foIlowi")! !((,,,,OS will asslS! in Identifying sum<'

01 IIJe5e deftcits I('ll'-~her with ae:tlng as qu"illyi ng tests prior eo engagement in n-ore progres­
si,., t!>erapeulic e<ercise.

PROPRIOCEPTION ACUITY

The allilily to tlnd" pain-free position 10< the spine appears 10 he compromised in chronic
backs. OeaMy IhlS abilily can he trained (Preuss eI al.. 20051. We h,we de....1opl'd the "w,,11
!~ank," which helps to l<!emify t""'" who ;Ire unabfc to accurately "-'POSi1Ion Ir.,ir ,pine and
also becomes a tr,llnl ng exercise

Wall plan'" begin with the patient's finding and groooing the "SWeel spot' (Of minimai Of
rIO p;:>in. The cllniciarl mon'S the pel"i! t<.1WJrd the wall using" combtrl<lllon 01 hip and spine
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tlexiorl-ext<;'!1>i<\n I~J. Qn<;:e the OO-flolin "","lion is found, fbi the .,Ildominal ",,,II is "raked"
with I"" fir>g<'l'S to 'timulale oblique mmcle Mtivation. (e) The shoulder and latissimus ffiilY
be t..usl>.-'d lU cue the locking inlti'li.,.., <:lithe turW ruGJlion with I'Sli",mvs d<ni. (d) Fi""lIy,
the locked torw is 'grooved" into the pr<lfl"iocel'tive ,y5lcm of the rkllient.

Once the pain-ffee poslu,e i' found. the ratient spin, on the hall, of the feel with the rib
c"!,'" lod".'<l to the pelvis SO [h;,r "" lumWf rruion ()(CU~ IC dJ. The plank position is then
!.,ken <)(I(e ag,lin. Ii the ',"-eeI >flO!" i"" Polin.I"", I"ml.." IlOSIu<e has been lew. the eXe«ise
is repeated 10 groove the pain-free pos.ition into the ,""",-'ITll'fl1 and poslure repeItOIfe.

LOOkiNG FOR SPINAL ~HINCESN

Hi n~...'S art· moo:ion il'gr'r>l><>lS 1""1 l>car murc 0/ their share of the rmllon. In the \.iI1\11l"1 I~ane

they are""'" during siuing down fI( during 51"nding tlexion. A CO<OOl()rllo<;ation is the tho.
,.columb..- jUOC1K>n. In athi<>lic popolanorn. a ",",eMul 51rat"ll\' I, oflen 10 bull''''' thi,
lad of >tifin<."Ss with latissi""" dt>rsi aC1lvation through shouldef dc'pfess;on with the rib l'age
liflt,d (><''e M<:Gill, 2006J. luml~" hinges "r<, uswlly hetter bult<e>scd with an abdomi",,1
brace (within the Com!""l'SSion lolerance of the 'p<,", alld at the ,ufiicielll Ie.,l'I). Some\lmes
tOfSion<Il hlngl"S OCCU'. Tht-sc can be Jddrt--ssl'd through learned ",'OidJncl' of l",iniulrwiMi ng
Of through hutt'es,ing with a~ .l(>l'fopri.;lte mUSlul", brace (Of bothl, 0-...'" ti""~, the ""tu'al
"degenerative ca~.xle· will ""'k in fiMlf oi tr.e palienl to Millen the painful segment. In thi'
Wily lhr ar<hrilic Of dl'gcnt'fatiw.· process "'-lS 10 s1alJilile the painful ~nt lor hingel. But
the eli nical obje<;ti,-e is to re>r<>re I",i~.irl.'e functio<l in II>e mea~time .

•
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A ile,ion hingc (arrow) atl2-LJ i, the ,ite 01 pain in thr. fl~""on-intoICfam i"""""-,,, athlete,
Here ,he l);)li..,m Sl~rt' on the fwxls ~nd x....'<:S ~nd rucks the IJunod" l>.:lck to tl>.., he<:1" trying
to ffiJim,1in a neutral spine. General ,!Klominal btacing """,,,,'ed hi, p.1in togelher wilh 'P' ......
pel>i, I""~ion awart.'n",s training.

The "Stiff" Spine
1'01 .11 qli"es.1'< I"';"ful oo'.u>< ofi"".lIili'J'. Roth.r. >oI"t .re ...i(fen«! ,,-ilh museul>r""'tn<~

lion .nd I""k..l inm, ",i""d I"'lure. Th. chronic m""",I., loci:, hov.·",'er. is oIl.n """,nd.ry
'" ti..,.., wmugc ..,<1 1,,,d m,ub,li')'. lIut i, is ,he "ho;,,, of <,~,;ng "ntegy ,h.. is <..u';ng ,he
chrunic sj,nl""m" n-., museul" r• .mon i. si,n"'j' i"'l~m:ll"';"<: It i. l>rol",bl,' r.. '00 inl<"'"
''1,1 is IllO'" th,n i, """ded I" be ',,,t'lieiem: A. no'c·d "",her, "iffnes" is olle" region.!. ''1,1
,..no", clinic,l 'PI"'>:'''''''' <..n b" ""'rIo>,-"t nnging f....n "'".,'-' 'I'\'""ohe' '0 ",'n" 1".m",1
mOlion I"nerns ..-i'" I,,,, musc"l.. >tilfct1i"l!"

Conlrol of Torsional Molion
Othe< fonn, of ,hemn' mo,ion "uy indico,. poor luml"" con,rol, "-hid>,, in con",,, ..-i,h
,h" 10<..1"'I"""nul m".["I,,"" .hov.--" p"..-iou.,ly, For n.ml'k, ron,;"n,1 di',.'onn,,-' of ,h" nb
c.go ."d f"'his during ",,, i"J,h-"p ,.., ,kscribed here (.n in<l",," "'" "lOt"< work is "'lui",d
Ii" ""hmonllIUlllb,, conlrol.

TORSIONAL CONTROL TESTS

All of the t~onal t~'Sls Ol""ribl'd here indicate rhe p"""'flCC or absence oj the (onlrol """''S­
sary pr..... ttl N.g~g,'f\'I('''t in to<Sion~1 training.

PUSH·UPTESTS
Aire< rhe palieltltak.., a (orred push.up I""ition raj, have lhe fl'Itient lif! one 1>,1nd in ~ (on­
Irolled rr«ion and pl""" ,t """-"" the 0Iht.", fbi, !'his is good form and sCQv.~ t""ional conl(ol.
I'IJor OOr11rol is shlM'n in (e) oontraindiCJting tu"ht." !O<SKmallrJining wit'"xJt ri,k, The p...,lvi~

and rib c~ge ,hould remain I""" ii to<,jonai conlrol is achieved
The ooe-kgged hip e.t~n,jon i(om the flUsh-UP 1""11ion IlfO\'klt'S. ";milar indkato< oj run­

Iroll...- lack t""'eo/). A IIl"viS locked 10 the rib cag<.' during raising ,>fie k'll with hip e'lensiO<1
also irodic,!CS lumhar """,,0,,,,1 control (d! ) liking the ""I>i, irodic,l.., flO'" lumbar tooiooal
control.

, '-----~---'
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BACK BRtDGE TEST
The boek bridj,'C w,th a "-'S e'tendro at", indie"lL" tOf­
f>k>n,J1 control, While thiS was o<igillJlly prof,.--l as a 'ell

h pelvic >labilil)' (Men< <.1 al" t99',n we have found Ihal
it indieaK" lurrhlr lO<>ional e01llrol, ,,,ff,,,-,,,, and >labil'ty
llito/:lenson ~~ aI., in press).

Ha," )'lU' po11>enl gel into lhe bock bridge ~ilion,

lhen ask lhe l""l'n( to e~tl'nd on<' It'S >lowly, The po:lIi"nl
~Id be abk· 10 conlr(~ IhiS nlOlion wilh nlj twiS/ing 0<

~I'xion in the lumrnr region.

Testing for Aberrant Gross Lumbar Motion
Lo;"",1 '1~ne i"""h;liti.. or" d..'t"",ed in -""w,1 ""';"'" The more ilill ...J dinici.... >.impl)' "-'C

th",n, Tn"" 'I~,.,.r .. ,,,,,II d,..,i""'n' ,,' <he tJ"""-di"'"n,io,,,.J 'notion prolilcs. Fo< ="'plo,
the spine m.l' "c1u"." during ,..nding Aexio" "hen ,he IIIm""r spine !:>ends through 14'. Thi,
i, r"l",mble """" the no1''''<1''ry period h.. p.....,t. The rdfllctmy period i, oot , 'ct time
but ••"ndition in whien the "n,uble joint i' .ble to .hift ;"ck to, orutral posi""n SO tJ"t it
is.We to d""••g,in, Th" "dunlo".re ,1"lO:SI ,I,,-.y, m,nif",,,,d in, ,he.r mode, s.c.n...i"""
they..-e .u,IiN. ""ith the ""l..,1 e..- or ",ith. ""00""""'. Other ti",.. the)"T<' ,imple .n,1
,-cry subtk "'ift m ,noti"" OS the 'I"n" i' """''''g in > 'I""',fic w.)', but thc)' ""uSC I".n "' th..
in,,,nt. Co"",tion •...-m>es itl\'oke .,'oidlnce of the tnoti,~, tI"t ""u"," the p.in. hunrcssin!!,
of the in,ubilit;- with .n 'wmrmtl' hr-.cing p.ttem, or I-.:.>th. A ,],.;11",1 dinici.n ""ill "'" these
,n",bll,,;'" thmugh un..d<.-d obsc"..nun: ho""",..c, J h.,-" .11<> ruund the uSC of technology
hell",,,I, p""""bn;' wh"n I h.,·. tu <locum""t these cosc< fOr ",edie.i-leg.1 reportS, TlIr foI­
l""ing'T< , few e.."'ples.

Aberrant Gross Lumbar Motion and f/eclromyographic f~idcnce

The " ....1pro.:li... " to t«t fur RD.\\ .bout tnc tI're< pri"",}' "'''' of l1""ion bj' dete""ini"!!,
the d'll""" of"'otioo pos-sible fro'" nc""..1. For ='nl~'" Aexioo RO.I I "")'be determined '0
he H' from n"utnl (u"",H)' ",'ing ".n,~ng p""\lJre ., • ",f",enee h"e), Me 1".,-;'",,1;- pointed
""t, thi' ''''g]e number i' <If ~ttl< uSC".n indi<:-.tor uf p"hoI"!!,)' ar for gmdinl( thcTOpeutie
..e,-,.ise d<:o""",. Other ,,,,II·know,, p"lIoIog)' m"'en inchle lhe i",!>;li,)' to 'chb'e ",;....
electric ,ilenee in the exten"", ,t fuJI flex;"n (.",t tI", full flexi"" is not re",J,.,.l-.", figure
I U). Jlow.."", p.tho!<'I()' ""ym.nifc>t ""ithin n"",b"e ""!I'" ofmoo"".•oJ ,i",ult"'''''u'!;'
in " .. other th.n the l"im'l)' pl.ne of m.~ion. The foIlo",'i,,!!, ..""pic iIIum.t'" thi' point.
A, ""e hen,t, fi:>n,..nt in the ..gin.] pl."", the.. migh' he • "".11 .",'mnt of """ion ,hit will
OmJT ,n the l"e,,1 bend or "i.1 twi" ..is ••nJ th., "rq,,,,ubk t-.Try 'im" the '1,i"" I"'''''
, ern.i" fl<:.tio" llO>ition. Tlli, i"Jioc-.tr' ,n im",!>;li,y e"ch ur "dunk.- The"" ore ",en in tnc
...ml~e, ,hown in fill""" I I.J .nd I J.~.

Th" fi",]"ticnt (figure I LJ) h,,1 • "nonn,l" Ro.I \ >nd by 'flld"lO",1 t<it> ,,,... Id hn" be"n
dassed as ""0'''''1.- Yet during. btrflll bend tcst (froon ncutr.1 if tu Bj. ""<1)' ti"''' the spin.
!:>ent ;'1.,,11)' I"'ssing 17',. "",,11 Jlerio", hitch occur""t in the Re'i"", ..i, of. dcg= .nd. h.lf.
This "" .. rcpt..ubl••n,1 '''-"CUrT",l .,....... time the '1,i"" 1",>e>II7" of 1".....1),"nd. The polint i.
th" 'he ,,,,,lion l"tJlOIogy "'... nO' in ttic 1""",1 bend 'xi' but "'-.. "",n in the flexion ,.i,. These
''''ry ""h.le .!:>er"n, t,nch"" in the "of, .."" ,re often mi'''''d during ...",in"i"". The mo",
>!:illed elimci"" ..,,, these with ,h.ir t".-", Of feel them w;th the... Iuntk

In thc "'''''nd c..mplc (figure II A~ • "dllJ1k" ur ·""teh- "'.., obsc,,-.J '" ti" fl<,jun ul< ..
the I"tien, A"",l fi:>n,'",l ,oJ I"......J J(J'-lhis ""OS rope".hlc .nd oh..,,,'ed in e"ery O",ion
otte"'pt, Intero"ingl)'. thi, in,ubiliry ""teh, .. ",·e1I., ".,,.;..,,,t p.in. ""OS cured with ,orne
Illu,,:k p"'''tnitll( .nd "'ffi.'1l1ng in • '''I)' >I"", p<";"d of ~1l1e, Sommm.' I"tit"lJ" ",ill rcporq";n
.stl>e ""otch' """'.... ond ",,,"'tim,,, ,he", i, <"ide no", of muscl" 'Cliv"ion hur"" but ",.n;'
p"ient. ""ill ,imp])' mo,'e through the r"llion. We u.., on e1cctrom.gnetic iu>trument th"
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Figu.. 11.] Thi, pdtiro' h.>d • no<mal ROM 00' demom",t<d ... -in",blli'y Cltch: During. 1,.....-.1 bend te<t \from
n<.'Utr.1 ()" to 13'). <!V~~y "me ,he 'I""" bef1t 1"<.'f.11y pd"'ng 17' ("""", AJ IbJ.• """II lIe)don hitch 0/. degree'M'
h.1I occurl<od in the II"""", "i, i"""'" BI (.). Thi' occurred <!V<.'<l' lime ,he 'I""" I"'...,.j 17' 0/ 1,,<.'<.1 bend. 'lhefe w., ""
do-,,,i.,,i,,,, in the <wi" "is (c!. The bonom cur"" "",.-esro" ,he II"t <Jeri"dti"" 0/ ,he fle><1oon c""",,,. w-hoch we use 1o belle.­
Iocdte in".bility. The 'f'ike \""C'f't C! rd) cle.. ly indk.'", ,he J'OIn' ., whkh ,he in".billty occuned in ,he lI""ion .,i,. in
'hi' p.'i.,.-" •• """"Ie .>cli".'''''' I""'e.-n w., idmtilitod ,h." ''''''''''ed ,he dunk ()( c.'ch
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fig"r~ 11.3 (CO<llmuedl
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figure 11.4 In ,hi, 1""""" .n in"ability t.trh or "dunk' OC"U,,<<I in ,f!<, I"im.lf)' .,i, '" moli"" (flexion). As f!<, fle«<I,
rhe dunk ""'s _ .... in me fl""ion .xis at 30" «""'-"" AI f.). This OCtu"ed in """y lfi.1 '" f"""ard flexion. The instab;lity
i, .....ideot «........., BI in thoe third de<iv.. rv., '" the lI"'i"" axi, mooi"" (b). The rernbilit.:llion ob;e<otive waS to "abilize the
'pine to "iminate me dunk, Th" wa, no< fully 5UCc",,{ul ""'" the ""'" t<~m. Symptorm re><>lvt.'d only wh...... me patient
developed 'Pine position awarene" and """ able to avoid flexion to 30",
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r....., 11.5 r.J The linedl~ ",,,,,on of

"'""........,.. is "",, "'" ..,...0;1.,. .......occur-
...,...!Ill'pot_ "",ogt-o """""", fbi
ot--'ini!lll' fMC _"'''' _ltd "'" Ih... _
"'" insUnc" """"Ie «\"'''''''' l.and ."A'.....
~nd ...obol~y) w ~ ....."""".

-~-

•

'rKb ,hr<e-tlIlIlenYolUI ""DC ............ and gnphi­
<"lily~l" tht rnu.... Sun........,. tI>c: a,ehn on:
'10 subde ..... ~ "b• ...,..., ~1"",1IU1U\jI to ..ke d>e
lin! d."n"ftofthtan>.-.th thentd>.p_ haft
.......,., hlfl>n' iflOdrnre ofdIc:te COIChet ("-II oDd
\lcGil'. 1'l98) , 10. I~I'" l"Wbilll)·.
K""",,, who _ .."......, ".,.""",' IIU)' be •
...,..."'" n>/;: b~ .......... oaoN"'lf 10 the
........ mono.....Jd of Rdoordoooo ud..,.........

".....\ filUl..-..pk "....,.Kribr«- One poamt .........
ali... ...,;"g """l' >ptcioli,.. .ho IOId '- Ilw. ....
loohkm'....,..., bead. II. had I ............ .a-
._ -.l could >ODd the...ofa beIhheec ....
Iu, '.lot. TIlt 'fJ"<Uh.u hod ,rea,,,,, ..... lOoc ' I~
""" .·ha, tlI......J ..... 1':lIn ond he .."n..d,o .,"'"
hr, uppn- tt>no uuund. "'" he aPl"'*'htd "P"'P'
"andln, I heard 'llrind .nd pop from h" 1000' bKl<
.nd "'" relied om In ...i ... Cle:orly "'" hod .........'•
......llml>br.hl)· .,th. on"""" lumbor bCl"'. """

(s« fi...."'" I U .nd 11.6). U""", Ioolln~ .. h"
m"""", an,1 mu.d. de<;tmml'>g"m W\K;) ,b".
I <:tI<Ild ... th.. h" 'Pm. b"""m. un,.. '~ he"
Ihe ",..><1.. 'hut 00...." .. he re,u,ned ,,,." u ,gh,
I""""". IIi. "0"'"" "'0" highly """1'''''1, ><'<'lllJ""
'"g Fo' h" ",.mi"gl)" bi..rr. ('0 U'b....-O\<Il '" u,)
b.ha"o'. W••bo,.-.d hi'" 00'''< """d. ""dng
1'....."•• "'hich ""mo".,llh....dihl. c1 .."~ "",hill
_""," ~IlJT d.y•. AFte' TOI'I<I 1''''11'''''', h. " .., ."i"
f.« '" .10.... 'httt "lOIlth>. Ur",,"g ,..uk '''''r 'he
d,"ly ,m,.,;"" to ,"'" """"', .... , ......... '1''''' l,....,i"ll
,hen oJ". oJb.."" .... -..,.10 doe""" \\~ h ...
~ ,1tI...tI>< .nd lUJ'It"lf.lln .'M ..., "'hy .
had 00 0U<'\tiS .,th ",her "l'P"'*'ha-.he~h
""" be ,'to)"......"..t\d .,<h the.. .......bIe J>W<"l'l- w.
...... "'""l'mlot2Den of tI>ne """"why on: 0UI0dd
••th <btl, p.un.nd .'00 ..., told n "" ,....,
htad. l< .. tngIC

Tesljng for I.bet,ml Motor "~"erns

During ChiJJlMgtd Bru/INng
'l"'M I .... b- obttn.- __ 1"'tt<n>S don )
bm"""' ........ >upi _••,d the...ly
OI2)....odmr>lj. prno:>n.. IIbiIioy .-lUbiI-
"Y~""",", ""'plIj........,....lwort
...... C.-do<b."" fO<- II I) uf .... ond.......b_
In"" ond<><nlf"'-.J wort wriI ••_
.-ot4.>m""'" .-.~....p..,.,.,.. \\~ ""1ib"" the
Ion/< bt, ....... bmdu.... oDd """" >Ubil")' ....,...--1).
(~ lli6-IG;).~ bradu"l! .......ees ,,"",y
In"""""",,,, of ,be .bdomina! mwtd"". K.,.,._ ...
"",nil'" ,"" m__cl~. "'nk E.\1G <I..,.rt><ko d
1>eOl..>< mmde r."gu<' ch.ngn ,h. ~:\l(: "gnol,
•• ..\lid cre>""1!" he"1" Iw"'ll "tn,i!a,.,.. • nh <U:r_

.... Ii" tim '.... (Xot~ <hil ,b....",.Kkn,... ",..II'

".
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Figu'" ".b Te.K~i,,!! th< J>ollien1 (",me p"tk'fll A' figure I I .51 the .bdomin,1 br..,,, (~) """"""-'< the in",bility (bi " th< p""""t '''l''
lic~ted the ton<> .... ind,"!!"'" tNt w.. fo..me<ly probk>m.>tk.

CHALLENGED BREATHING TEST

Du'ing thi, tNthe~ brealhes a 10% CO, ga' mi'lure to"",,,t,, the
lung ventilation wilh only a lew brI'.lh•. oot thoc 0, is .dj"'ll'd SO th.t
I"" lig~l·hoc.1dednessthai a<:COrnl'.1ni(>s hyp.."""ntilation doe> rMX occur.
Then a w"ight. u..... lly about t 5 kg (JJ Ih) for t"" a,..,..8" man, i. pl.ced
in thoc Ita"'" while lhe lorSO i, fi",«,d lorward about the hips to app',,,i­
matdy 30". This t~ rf>\e.l, thclile who have .,llCfram nlOW< l",lR.,.ns in
lhe abdominal mllSCl~ ,luring challenged ""'Jlhing Ihal compromise
lumi>Jr sL1bility.
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f<)C 'csting .ml ,ho, ~-e "'ill in,"",i"".lIy i,.."...", ,he phy~ogjul ~-or~ ,..,e fOl" ..emoe> in
"h.ptec 13.)

(>ood 'I,;n" ".Lili<au.:", I'""ern, obse...·<:<1 in ,he muscle f.MG ,ill'''') obuin<:<l during ,he
ch.llcnge<1 hre.,hing test indOHl" • ron,Un, "'u",1e coromr.cti"n "",uring >rine ,,,bili,},_
Figure l Li, ••nd h, .htl", ".101., md umt1I~. l»nem,. Ou, o<"nl'u'<r;zed 'ruIl}~;, p:oebge
"",.>ures >pi"e ".bili,~' u,ittg ,he " ..,hod, "'I'I.i,,<:<I 'n th.pte' 6, '\l"'l·clinid.m "m not 10.,-"
thi, c.p.bility hu, """"'IJ "ill 1oסi.: fo< con".n, b·d. ol ,f...hn,irull ,,·,11 oc,i"otinn, Potien"
"htl "epm.- .. ".hili""~)llIn ,he.e ';"'>t;",,,, "ill (h.~n()n"r,ue,bon, 'em!,,''''')' ,edlK1i()ll' in
.cti,,,,,ion or ",-en los, of .",;,..tio... These ",.rk ,he ..."i,..1itt'''''''''" .. ~-hjch >pille ",,,,hili,y
un occur, .n,l d.",ify,he l><non., ,,,,ntli(lo,e for spine ",bili,,,,;"11 during high physiologic,1
""'~ "'''_'S_ The.. j»rients mu>, I""n '0 con'rxt ,he ,pine ,,,hili,,,ion ",u""Ie> ind"l"'n,lently
of<h.II<'lgeJ LIT,thing to <,,'UIT 'pine ,..bOli,}' in <1""huon. of""',)' work.

Thece .... ".. n}' ot!l<:c I'""'",,,i<>n ,e",. ,ntl /\,,,,,,inn,1 ...-.en, ",i,eJ ID< nlOIT .,~Ie,ic

l"'1'"l.ori"",_ Some ore .hle '0 ,letennine the ,,,rting In,d h- ""inu, n"i>t,oce ,...ining ~-hil.

",he'" imli,·"c !>a<jc II>Un'l,,,n' fl,w, thot lIlu" he "''''''t~1<1l1,nor '0 n!l"n"" 'ni";ng such OS
~'j,h l~yornelri",. A fow of ,bese ore ,hown in til)" 000l Ultima" FliJ~ Pi""" ,,,,d {'.-if_a""
(]{X16)_

••
Timo jsl

"

-.-

-- -------- -------------- -- ---------------------/-- ------------ ------------.,------- ----------------------..--
ventilation

-----------------"--- -------- ------<---------""'------------------ -------------.--.--.---- ----r--------------

---------------------------------------------------------------------,----,-----,---------,-------

t-----·--~~~"!'~~~----....-.- -- -_.-

•
"

~ "
1 ,
] •
~ ", -"z

-"
-oo

•
•
oo~------------------~
'" --------------------- - --------------------------~----Itl,_ muselo octivtllion

. -+_o.__---.-'---.-~_ .. __ 4 "

•
.., "T' J-.-I U-_ 1---1--.

----------------~--~---Trl--------I'---7--t- --t>l-~'-'-f-~-·-;-----+----'- '-,-,
_______________________________ Y!_r:'...~~ L ~ L ~__ ____l"__ +-_T_

~!_--__c:---_=_--___co:_--__,;---o:_--__:!
o '0 20 :lO '0 50 eo

Time (al

f~u,., ".1 Good .pi"" ".I>m,..,,,,,, f>'lt~~ns during ,he CO, bo>..'hi"ll'esI indudc. co","n' muocle <oc"""<oct"",.
wnkh ~"""res opi"" ".blhty_ "<>Ih W ".bk wl,h ~on".n' mu,d" .lc,iv.. ion .00 (bi un".!>Ie vM;abl" .oI>domin.,l mu,de

"",i,·.""" 1"''''''''' .."ohown
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Testing Muscle Endurance
SO" .... I 'f"-",iflC te,,, ,h.. cm help lOll a,.." l"'1< ""ien" ami pl.n the m"" 'I'I'''''!'''''.
cxC'n"'. or. Jc>eril><d In thi, "",-1~"'. \00 a"" the 1i",,1 Judge.s to ",h,.b """,.rt reln.n. for
""",ifie p"jenlS,

MUSCULAR ENDURANCE TESTS

While Bi.".ing-SoI'""",n (19841 oJvw!'d Thai de<:reased 10fY) ""Iemol"eOOura""e !",->diets tr.o.e
who Me al grt>~lL1 risk of flltu", l>Jd troubles, ft'<::em worl< has !lJllIW&t...:ltha, the biJlance 0/
<;nd",ar.;e among ,he tOfY) fiex"". e>.tensor5, .1ocll,ner,l1 rrvsc:ulalure Ill'!!t1 di>crimin,ltes tl'oosc
who have had b.1ck troubles irom 100>e who II.:!v<! 001. Bl.'Gluse1~ three muscle group' are
jm'Olw.<l in lopine Stai:Nlity ol.lfing vi.,u.:>lIy any taSk, the end"'''....'' 11>0010 be me3sur,'(! in all
three. Simple ,ests IhM i,.-,l.'I" '''':5<' gmurs 0/ mVICI", are diificult j{} lind; I ,h0!oe ,tv, iollnw_
iog leSls because each was >hown to lid"" high reliJtJilily (oeffici""lS,.' ""'>1.98 Of higher,
when R'PCatt.'<l ()\'1''- Ii", w""-'Cutt,,, wys IMcGill, Child>. and Licl>cfl\O<1, 1mi.

LATERAL MUSCULATURE TEST
The l.l1erallll'J!.Wlalure is le5ted wilh the~n lying in the fulilide-I"'idg~ fJO<ihoo. legs
a'e ~.t""d<'d. and Ille lop fOOl is plaCl'd in fronI of th<- loW!'< fOOl iOf support, Su0IL'Ct'; sup­
po<l thcms<>lws "" une elbow and on their k'CI whtle lUling thl"r htps off lhe f\oor tu ere"te
a waight line <NL'I thei' body length. The unin,,,lved arm is held .cm.;s the chell with the
h.:loo placed on thl' opposile shoolder. railu,e occurs wlx", th<- person loses thl' Sl,aighl-badc
postu'e and the hip ,~~urn5 tu the 8tUUOO,

fLEXOR ENDURANCE TEST
Testing eoouraoce o/Ille t1exOfS [reelu.) hegir>s with thl' person in a .it.up pollute wilh thl'
b.J<:k resting ,'gains! a jig angled at 55' from thl' iloo' (a). Both kf>C'l'5 and hips afe fb".'d 90';
the .rms are k~(ie(1 .0'<)\, the chc9 with 1"'-' hands placed on Ihe oppOSite ,houl<lo.'I; and
toes arc se(ured undc!r loe >!faps, To begin, the jig is pulled back 10 cm (4 in,) and the person
hoItk thl' iSOfTll1,k poilu", as long as possiille Ib), failure is detL>fmifll'd to occur when a"ll
(WI o/the person', hack IOOXht"lhe jig
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BACK EXTENSORS TEST
The b.l~k ~xteo"'" are tested in the "Bieting-Sor~rl5en IlOSition" with the upper body C.lnlile·
"""'" 001 (I\I('f the ~nd of a test t>cr>eh and with the pelvis. k........ and hips sccun.>d, The upper
limb, ~re I,dd 3Cm,s the d.", with the hands rl.'9ing on the owosite ~1d<.'fS,Failure oc~urs

when lhe upper body <Imp> irom lhe horizontal fIOSition.

Norm,ll;~e Volta

Nann";.,, ,l»oIu," enduro""e tim.. roHc-crN fr.~n f""ng he.I,h)' i.J,,';du,I,.re listed in t,ble
11, I, Not. ,h.t "'00"'. h",c gr<>'" .nduroflC< lh.n mcn in ,h••>len""", F\lnhec. the n<xor
end\lcmee time (.. , 1""1"J<'i<'" of,ho oxtc",,,.. end",.""" ,imo) f,.. he.Jth)'}"omgmon i, ,1>:""
.84, "nile OIh~r tem h"" ),dokd i""er wioo fU, hcol'hy <JIJ~r men. ,\1cCilI ."d coIl"lfU""
(ZooJ) ,l>o,,-ed ,hot the relotiooship of .nd"ro""" ."'ong ,h. on,etio<', I"erol, .nd ros,etim'
",,,,,,,,I"ure i, "l"'" (I""" h1Ck 'mul>b hegin (~,.hle 11.2); ,h.. ul"'" in ,II< rel.ti')fJship
rem,,,'" kH'g .1t~T ,he '),nj>W<n> h1w H",ah'N. T)l"<-,II); cxocnlO' enJunoc" i. di",iru,hed
,d.ti.'c '0 b",h ,he n."'.....oo tho 1"...1muscul"",,, in those ,,'i,h Iin!!",ring <roubl<>. Afin.1
n'lte ",g,,,1ing po,ion' on,I"......., ,..lin!f. Tho", i, no nON '0 e"'eerhole ,he poin in pot;"n"
~lth endu",oc" testing. I.,..·.u'"' their Jo.iIJ' ...ri".,n in pain ",ill ,m-.lid"e ,h<-iT n,'ul", W.i,
u"til,h'-1' ore I"';" free. In .ddi,;UI1, r",i" 'Oe urge to """in ,h< tt""," R"h<r t..ild endun",,<
"i,h ,ho r",'o,.,., py...mid 'PI'",.oh in"""I"cc,1 in the section 00 on,I" ..""" ,...ining (oh.p«r
10) md wi,h ITp".«J "'-'" af ""'nC'T·duWK)fJ hold•.

Table 11.1 Mean Enduram::e Times (se<:) and Ratios Normalized
to the Extensor Endurance Test Score
Mo,n '8" 21 y" I"""" n • ~>. "",""",' n ~ 1l7i.,

MEN WOMEN '",..
~" ;0 ~,. Mo.n " R.!ti(l Me.n " Ratio

[,t"",;oo '" ..
" '" w " on ..

"
flexioo '" ~ O,M '" " 0.72 '" " 0.77

"" " " 0.59 " " 0.40 " " 0.48

", W " 0.61 " " 0.42 ~ " O,W

FJ.,xiunl.."'t<""ioo f.tio O,M 0.72 0.77

RS8il51l r.'io 0.'6 0% 0%

R,81""t<....;oo 0.58 U.40 0.48

l56Jext_ 0.61 0.42 rHo
.... ,..'" Me """ ,,,.d '" """__.... """__._ ... "'" .........-. ........_ ..._... "Of<" "' ...
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Inle'p¥el;ng fndur;mce Scores
lrlte"l""'in!! .booIU1~ coouro""" i, prohoblJ' ;«'()!)d'1"j' to int<:1"pf'<."lin!l ,he rd.tion,hip ."lOO!!
the th .... mu",1e gmtJl" (flem,", l,te""1. .."I enen,.,...). Nonn.II~·, the following discrep'ncies
""1nI'-'" unl.. I.n<.'Cd ~nclu""nce (nnt< 'hal the 1>" ""tin i,. ,trcns<h-tn--cnclu""n<." mioj.

Righl-Sjcle bridgelldt-sid< bridge <nduron"" ~ OJ);
Flexionle>tension endu"n,,, ~ 1.0

Side bridge (eit!1er ,ide)/e"ens.ion .ndu,"nce ~ 0.7;
E",ensor strength (Nm)/e.<tensor endur.nce (sec) ~ ~.O

Note that "'-Te,,1 ...;"n,i;" hal'e .ppli,-J tlK... to 'pt<:."I.II'O"ul"ion. ,,~:h .. elite j(Olfen;, It
'I'P'''''' th.. t!1i, !lrool' h.. higher 1".r.1 enclur..>e< ,h." norm,l. Such spoci.1 groups will not

"onfonn tn the ""'eroge <CO"":

Table 11.2 Mean Endurance Times Comparing Normal Workers
With Those Who Have Had Back Disorders
MeIl, me.on.lI" 34 yr I""""" h.ld l>ock <rom"" n _14; IoolII-'><k due to L80; n _161 from~ .",,,,
"""""'I".... V"i,ol' .... Ih,t "'" .igndK;drotfy <J;ff..-.,.,II""",,"," Il..>oo, wit". hi,..,..,. dod _ ",I,,, ""'"
"""'-~ h>d tJDOO'" h,.,., .n '''Cf~k, "Ole tMt .11 m"n were .",,,,,*,,,,,,ti< ., the "me 01 "''''ing; 11><....,
.re k><>g.linge<ing del"",i" ><Jbseq.>ent 10 l>ock 'roubles

HISTORV OF DISABliNG
NO BACKlROUBLES BACK TROUBLES

b,k Me.n '0 Itolin
_..

'0 R.lin

£,k...,ioo '"' " W ~ " , .0

n",joo" ~ " OM M ., 0,93

~" " " 0,S2 '" " OM

"" " " 0,52 " " 0.72

~xionle'k"'ion"'00" 0.71 0.26 1.15 O.~

RSB/lSII ,a'IO' 1.05 O.ll 0.93 '"RSIlI"",,,,,,inn • 057 0.29 0.97 120

LSIlI"'ten,,,,,, " 0.511 0.211 1.03 1.16
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CHAPTER 12

Developing
the Exercise Program

The "..,rci... Jeoc,ibed in th;Hh'l~e' ron'I'O"" )"'W'''' (""nJed 01' ,he r"ncipb Ji'CU>M:d
in prc"""u, chaprc", This program i, ",fficient for manr pan'>Jl" .nd fi>r tno.e inteT"".d in

"I~J!n.1 back ],ealth. for lho>c ,..ith I",rforma",'c .",1>11i"",. t'","~er I J offers ,,"-'''' .d,,,,1<.-.:J
"."";0"'. Whil. ] cI.i", no .,pen;.. ""'""d the "",' b>el. I ,.. ill b"",i1 OIhe, iss""" ,h.. h..'e
implic-.rim, for ,he b>ck, fOl" enmpl,. Imp«lll<T t""hnil]'" when on, i, perfo..ming IUp an,1
k""" ",obilizotion .nd ",,,"t'hing,..n '-"'''I'''''''''''' ,he b.d" fo, thi. rc• ..", ] h..,c ind"Jetl t"""
here. Up'''' ro'nl,letiol, of this chap'er)'OIJ ,,-ill be ahle tl.> tlesign ...erei.. th" ch.llenge:> ",,,scle
and .""bli,],,,, ,ubilizing n\Olo, I"'tt,rn.. bu' 'par" the <pin._ Th. foc,,-' here ~ de ...ly OO1lhe
patien' .nd low b.d: hc.lth for ,-"",ryday actiVltJ·.

Ikfu"" I,...,...m;"g the "",mse,. ] ,..'ill ",,';ew '0"'. of the b..ic id... discussed in the teXl
,h". fu, e".I~c,h "",,' to "retch ,..;,h''''lt " ..",,<ing the bock, d.ri!)· i"" .. ,.,..."ling abd"min.1
hoIl"wing and b.....·ing, and mtrod""" the t<'Chm~". <>f fIo<smg the "en" root. f<>r ,hose ,,'i,h
....'IC•.

Philosophy of Low Back Exercise Design
,\lon}' t~.di,;"n.1 nol'ioo, th" ..e,cis< pro(essiOl,.I..onsiJer to he principle, fOl" e.emse design.
I"rticulorly" hen dealing ,,;,h ,he k,w hack, m.y "'~ he .. well.,uI'!"'''«] ,,-ith ,lou., g<nerolly
though" As previou.ly nored, "'.nJ· dinici.n. >till p"....,:ril>< .n-ups----usu.IIJ· with the pfU'-iso
,h.. the knees remain bent. The """I..", ,pin.1 loading of ,,'ell 0\·.... 3000 1'1 of ""npress",n
to • fully Ae..d lumh.r ,pine cl....rlr ,1,0,.... ,he fi~l}" of ,och • rec<""mend..ion. Other .'pen,
...ill l"rt'O<nmend the 1'0";<"-;'" l",hie tilt ,,'hen l",rfun"mg many 'll"'" of low bod: uercise.
Tnis oetu"II~'inc'...... the ,.;>1: ofi"iury by A<Xi"g ,he lumbor join" .nd lwdi.Jlg pa"i'·. ,issu.>.
The r.,rommend"ion nf A."eninjl" the ]umhar "-Woo '0 ,n., floor ,..-hen perlorming .hdomin.1
<"en:;'" i, .nu,htT ,n""" of thl> ill-f<JtJnJed philosophy, ,\lanJ' '-'011tinue to belie,,, ,h.. h,,-ml(
'IT""g<' bad ."d.bdornin.1 ",,,scles i, p""ecti,'e .nd teduces b.d ~k ""i.oo... ""en ,hough
Lu(~o an,] colle,gu.. (1995). amo"g ,1\h...... ""'''w fha, muscle endo........, not strength, i,
""".., p""c'."ll,'e, Thi, ,hould not he I1ri'm',rpnTed to meon thot h.vmg stllJng<' "'''>L'J<.. i,
not • go<>.! obje<'{j"., .... 'h... i, rcl1ccrs on ,n,,,)' or the strength ,~.ininll" 'PI>roXh"" ",,,em])'
"sed thot cre"e hack I"tien,,_ hll.h. "ill 'em.in "-v,,ling ,he need for gre..... lumb... mohil.
iry, wh,ch ,he ";,Ie,,,-"< "'!!!l''''''' 1e,,1, to more bac·k 'llJ"hk,s__-f>ot b, (e.g.• llienng.Sorcn<en,
19So1)! Fill.Il)', ~,".t"< disturocd~' ,he f.<1 ,h.. 'el~icotingtn., tnt"';"" ."d .pine I<J<od. ,hot OC<'\It
,luring '"" use of",.nr 1mI· hock ex"".o, m..hines. i"tenr!e,]"OS ,raining .",1 ,he~.~·,proclu<..d
di", herrua,i"rn when .ppli,d to ,pines in OUr la]~"'tor}'!
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Clinical Wisdom
Cle>rlr, ""'n' rurrem dinic,l .. ;,,1010 " ...tls ..... b. ",,,,,,,,,ined in th. light of,~ ocien,ifl< ",i­
"'.""", much of "'bich h., heen p",sent"l in ,hi, boo!:. "Illi, ,",';,ien"" ....ern' to indie". tim ,h•
.. fest and ,no" " ...,:h,ru<..lIy ju<rifuiJ.Ic ,!~,ruach 1lJ rnh"'l'ng lum!>•• st:Ioili!}' through o;crt;;'
is '0 "mph,,;.., enJ" ....,,"" ",'or ....ngth. Clin;ci.n, ""nll' "",,1> on ,,,,,,,,ad should .'lCOOr.ge
I",ien" to nuinuln. neu,....l.rMno ('O'IU'" "hen un<le. k"cl,,,,1 "'" ,hdornin,! cocont....Clion
mJ h,..cmll' In , 11.""",00.1 ""y. The bod}'huilding 'WTO.ch often "",I in ,.d",bih""ion is no'
'ynonp""'" ""h 1I..I,h objec,;,,"••nd resul" in adJition.1 risi to ere". joi", ~;ng through
• r.nge of ,notion .",1 the often .imple lnol"or I"Ucm, In.t ore nol up,im.1 &". e",uring ;oin.
>t,I"lil)',

Sparing the Back While Stretching the Hips and Knees
Gi"e" tI", Sf"lSl'" in lh;: I""". "hleh I',od""". ,hor«oing 'od hip e".o,ion f<:>Uictioo ......
<:om"lOn io th""" ,,'ilh I~~ !muhl", (,\IeGiJI et ,I .. 100), lhe.. prorle ",,,,I,J f'I""h,hlr he"e!it
from hip str<,.hjo~ ,,,d <:><h., r.nl(" of mo.ion .xc,,-;,.,. S<~nC"tim"'. how"'·... roor tl-chniquc
during the "'etching <>fhip ,,,d bl<:e ti,,,,,,, leod, to "nt\tensory Ioodi"g ohhe jumbo, 'I~ne.
Thi, ....n e,,,ly he ,mid"d hy dunging tedmiqu•. A g.ne",1 guidelin" (HI" 'I"'ring ,h" boo~ i.
to m,in"in.n "pTlgh, toTS<.> jlO<ttlre w!ulo perfonning nip .nd ~n<'" W<Jr•• P"""...·"ion of,
neut",1 .pine ensu,,,, minim.1 hading from """,i," ti""",, An upright to",", minimire; the
..><:tion "'''lue" the """",i"e,J mu",l. contT><:tioo, .nd 'rine lood. Ab,loml",,1 b"'cing to
'" .pp",pri... b·d i, ,om<'tim« l'<"Iu,ml for poin ('(",<n~, Fo, enmpi", lunB'-~.re. ll".~1

""en;.. 10, rh.U""ging .treng<h. ""d"",,,,,,,. h,I"IC". 'nd rnobili,)' in the 10»'<1" "'t"""lues.
JAI..·.I" e"",mil)' C'""hi!ity i, needeJ to f,cili\Ote ",in• ..,..ring 1"-""''''' when lifting .nd ,,'hen
performmg , no., ofother usb.

Th. t«__h"iqu. fO(' sp"i1lg <ht bod i, to ""i"ui" ." ul".ig!l, to"'" "",'u,e .,'hile l",rfun1litlll'
,he lunge ("'" figtlCe 11.1). Some dinici.n, ...,,:ooomend ~eq>ing the I~~ leg "",ight. which
<"Ou."", l",ioo" '0 Rex ,h"lo"" m......n1, Thi, i, 1"_'" f<>TIIl f<>r 'l"riog the h.c~ (..... f<gure J1.1).
,\ !!",'I<:r,ll'rill<.;I~.i< to \;eq, <ht torSu "I>righ, wilh • ncoU"llllumbor ",ine whil. stretching

fi~u", H.l 1ho .pine i, " ..'od f""'I",m;ng
the lUI'll!" by "",int.ining .n upright '''''''' and
• "",,,..1'fH"" ClJfValur•.

fi~".. 12.2 Some clin;ci.n, ",commend
k",-,?,ng the back I<'ll' ",.,ght ""n,/" f""'Iorm.
;ng lunge<. "hkh c.u... p"""'''' 10 fl"" ,he
'''''''' fOl".rd. Th;, " fOOl' i",m fOl <padng
,he b.>ck
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;o;n" oth.r ,h,n ,he boc~. Figure 11.J, d ."J b. for ="'[JIe. ,j"",'s spine 'l"rrinl!" l>o>'ur", fur
Olr.,chinl!" ,he qu"\'; .nJ ,he hip ,Jd"",ors. "",pecri,,,l}'. Fi""II)', ,he lunge with. "",,,,,,I spine
..,etch.. i1l",-..,. 11~"'C rh", pit,,, (ili.om' i< , u"i"'tlCuIOT llIu>cle thot .ro~"-"<onl)' ,he h,p). Full
.Ilre,ch on tht I""'" require•• l'le",1 bend of ,he 'ors<> .w')' from tho ."."Jed hip. bu' thi, i,
...,,,,n,.,l fur the more robot .. l"'ch (.><e (,g'I''''' 1!A. d·h).

• L---=

,
Fi~", 12.3 Du,ing "r<.'fehing ., pn" oohe< th.:Jn ,he bdd. the .pine i. "",..,.J by m.int.inlng
,he UPflght 'Of50 .nd """".1 '1""" eu"",,, r.) Wh"" ",,'<Ching theqUMb, holding. choir for bdl·
.ne. i•• good w>'f to 0"''''•• "raigb' b.>ck, lb. e! Thi. J>Cf'Of' M. ",ffkk'fl' h,p ilexiOfl mobility
to emur••n Upflgh' 'Of>O.nd. """'ral 'I',ne. Indi,idwl. who a,o unablo to maint.i" th" 'flIne
po>'Utc >hould forgo thi, excr.i .. until theo,' e.n .>chic.... ,he "-"lUlled hip flexiOfl mob,I"~. (dl F\>oo­
technique i, .150 <!>own
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• ,
fi!l"'" 1~.4 c......, the "";,mcuL,, il"",,,,,nd !he mul,i,ttO;ol." """'. ,"", "",..,.,he hi!'.nd "",ire
lumhM 'I""",' true 1"0'" '1r«rn "'qUi"" the 'an<> to be 1.'~".,lIy bent .way irom!he "",ended
h,p; mi. i. an advanced "reich fof ,he more rubu.l back<.

Flossing the Nerve Roots for Those
With Accompanying Sciatica
Herol"<" ~,;ng lhe r.o.,,;ng technique fur ",,;.ti<->, ""',. t>ao;.gro.md is requirro ..gording
the hiomedunics .nd bio<hemi,lY)' of the .pi,..1 ooro .nd no...·...

En·"""" """"In in ,he ncrW is the u,,'" of ",i.ue•. Nom"I1", the eon! nt,,;o mot. ",,-d
through the foro",.",. uf ,h. "e"rol .",1 of ..eh "ertel...... nd' ,heir sliding <Xcursiort,.",
5<,tJ.ton,;,1 o'i,h ,pine n.x;on. hip Ilenon. ,,,,I tnee ""ten,;"n. According 10 I_i, (I \IlIl). ,he
ne"" c.n 'r:m,1 well ""cro «"'timet.... (<11'"' II! m,) Juring ,orne "fth"", n~" .",<:nt>, Thu>. if
• "en'. I'<X>t i< i",pi"ge<I.nd ca."",. r.liJe. ,n}' of ,h.", flO'tu",' ,h" Io'""IJ ''' tt.II~' pull th..
n,,,,.. r<lOl ,h,..,.,gh '.he m..men ",ill i""..."" """'. ,.nsion. In"••d of IDO";ng. ,he ne"·. i,
>truche,!. Funhc'T, ",,,,,,,n on .uch a ne",' con I", incr.."",1 f"on ,he c"ni,1 end "i,h ,imnl·
,.n<O<l' c-e>"'icol flexion bennsethe entire .pin.1 <01',1 mn.......I;ghtly ,,'i,h ceni<-,ll1e.'ion .nd
,hus pull, at the ne"'. mol. on.long its length. Thi. i. ,ho ha.,i, fOl' ,h. moJi(,ed leg "ise t.M
~" ""n'. '"""on p""ent"l ;n cb'l~cr 1I,

R<Ott11t1y, scicn,;", b,ve ""K8""eJ tl", nc b,,'c the .l';lil)' to <:1'<:'" ,be;r ",,"' ",tb"..)",
" k>ng " lhey an ""-,,,e. Tb~' seem to b -'Ofl1e chcmicolly bose<! ,hilil}" «> di ••ok.,.....,..·...
';me-I;"".. impinging ,bern, The ;,1 .. of "!l""mg" ;, to pull ,be cord mJ """',,> from one
""J onl)' "hik rel",sing" the other, .nJ ,hen 10 ''''i'ch ,h"pull .nJ ",Ito.. Jim";",,. 11, tbi.
"'o~' ,he ""n'. ""'IS or. "flossed" ,nroogh ,b. 1".",1 ro.-.m.noe ."J in f.ct .long ,beir .."i ....
lengtb. Thu" I~' "",Ling ,he ""n1" b:ock md forth ;n ,,'h.....·.,. ~m;ted r.nge ,n<-" ",n mon,gI'
in spit< ofinopingcment, "e f.K',li",c lhe J;'>oh-ingof the ;mp",gcInent .nJ the g"Jn,1 rd,,1<C
ohlte ""n'e 10 0'-':< ,goin "lO'I'e f"",I~' (thi"ppro:och U'" proposed I:ry lIudCl', \'199), Tlli, 11",,­
ing ,e,;",,;, .eem"p];w,<l ,,·;,h coord;"".<! hip. knee, ...,1 c""';",1 mot;"".

,\ rIOre of COutlOn """,-,led hc'T'" While tbi, COn I.oc """,dc-rful in belping chronic ",,,tic',
re;<~Ul>on, i, c"n .60 couse.n ""'teonset, Be ".I)·ronsen',u\'C in the fiN session. If the net.... i,
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,Jl>eml so til" i' eln\ ,Me. ""'sd,lie '}n'p"'m' ~'~I bee_"rbo,eJ, 11"",'",,,,> if,he I"tie", "'I""'"
nodung<: or",'en ,diefll... n",' ,loJ; thenpn~ to i""",... the no..;ng..\ Ioni".. ,II p:uient< ,ml
""''''''. ,he pmc.Jur. from the pmg"''''s "f m~' pm""lS ",h<"" .~mp"..n, ",,,r>en.

FLOSSING

TECHNIQUE TIPS

The panent. sealed and wi,h the legs able 10 swing f"",ly.
tlt'XCS ,he cervical '1~ne (aJ, This Oeatr.'S ~ fl'J11 on the spi",,1
cord from the oJnial eOO.nd a 'elease from the caudal rod,
1hi, should no! prodlJCe ",i.,ic symproms 1"-'" the d'scusslon
of ,he moditled leg rilise tr.'" in ch;oprer 11). Then, ,he p"tient
extrod< the cervical S\~ ne with simohal'l<.'OUS krlt'" ..tension
on the side w'th sciatica rbJ. This polls the nerv<' from the
c~ud.ll end with il cor"''1",,>ding relea!-< at the oan;'11 end,
The cycle is completed os the k.-.ee is fie.ed with c",...dinated
moIion of the cervical spine flexing. This causes the IK'fVl'S to
fioss throogh the ",,,,<'bral Ti!wcs. If ,he p"0ent eXpl"iencl'S
minor SCiatiC syrn;1lom; when the o;er.ic.,1 spi"" is flexed or the
k.-.ee is extendc>d, then the piltiem 'hould It'du"",, the range of
moIion at these joints until no p"in is I""""laxl. Some pot",nlS
who h.wewjf~ «i.1tic> p"in lor j'e.1rS ,eport 'edUClions in
their SCidlic symptoms Wilhin a few ddYs to. couple of wc'l'ks;
O1hc'fS ....'PO" increa,lng symplOms.

•

•

•

1\ tip 10 enhaoce effica!)' is to filS! adopt a p:lStL>re that
reli,,,,,-,, irnpingw",,,\. For e""mple, the p:lIHm, with a
dis<: bulge who is ~11le '0 'e(h,JCe tile bulge by ~rlopting

a proneextt.....ioo fIO'lure (such as shown in McKenzie
posture 1l"SlS in chap'''' 11 on po&", '93· 1941 ohoold
00 SO for a if'w minutr.'S i>'ior to flossing. TI",,, adopt
the posture wilh lhe Ioogesl reflex resp:Hlse di>cussed
On po&", 1% aOO 19,.

The motiun should be slow (with a A,,,,iun"",rension
qde IJSling aOOuI 5 secondSl, bul ".."t imf-01,lnlly
coordinaled, to crealI' A"" rather than length change
in the rIt'Urat trX\.
Begin byperfOrming lOfepelilion' witheaen leg. Then, b L ...;;;;._"'''" •
if symploms .re nol eXi'c,...wu.'(!, pI.'fform ""'('fill umes
i""" day, Do nol pt..-form fIos~ng wilhin 2 r.x.rs aftr.'< 'ising from he,1

Identifying Safe and Effective Exercises
"'ft.. , !>riel '",,'iel>' of the muscles th" "..bili", ,he spine. I>'e I>'ill h....,. ic>oLc at =""" (OT

tr'inmg ,I><..., mu",I... While m.nr '",lOCI", h".., he"n ",!",rdeJ" rrim.ry ,pine ...hili"'....
,,,,,finn.li,,,, of their role ""'Iuir.. twO bel. of .",I}'..., The fir" is engineering---->t1l>ilitj'
,n,I}'S;s "'I''' be rond"",ed on .n.tomicoll~'robu" ,pine models ,,,documen, ,he .bili,yof <:>eh
eompnnent to .offen .ml <f.hili",. Socond. electroonp>gnphie roco.-dingo of .JI mu",1e, (even
deq, mu••:1<> requ,ring intn"'o"-"I,, dt'<1J'U<ks) Ofe nt':"'..ry <0 ''onhm' the extent to ... hlt,h
'he '"",or COtl"ol.~'S",m in,,,,,,,,, "",h n'u,de '0 ensure ,,,ffioent ",.hili,\,.

IJen'il)ing .. f••ml effect;,'e <I.,,-ci... for k'I>' h",k ""hili",,,.:,,, i, • ",venl."ep PT''''''''
''''-'''l''....tlng ",d 1',"cTI\ing the ,nusdes in",h-eJ in spill< snbilifj' elinun.ting WT>lIfe .,,:n::i<,"S;
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.nd .d",,:ti"g or de,i,ing <A<rei"" ,h" ,wrol'ri.,d;' ...h.lleng< th. ""I ....t.d muscles at tlk dif­
ferent ..roll"'" of ",h.hilit..,,,,,, .n,1 con,li,ioning_

Incorporating and Patterning the Muscles
Our intr>mu,,-,ul.r .",1 ,ud.ee doctn>m)'OjInph)' (£.\IG) md ",odd"'g ,ru,he. '0 qumtify
>fIin. st.bili,)' drn>on",,..,ed th.. ,inu,lIj,.1I to""," '",uscl.. I~')" rol. in ",lJjli"tiol" (Som<
,Ia," " ..... l"esen,eJ in ch;oplcr 5,) II 'hile ti>e hod ",'en""", .nd ,i>e .lx!omin.1 ",.JI .11 'prear
to rI')' >ignifi<..n' role<. th. qUo<lrom, IUOlI.>rum .;'0 '1''''''' to rI')"" im!".... nt r<~<, in
,n'''j' ...b. Th. fil>c.. cof qu.dr"u. luo"OOrum cro.s-hnk th. ,'<neb",,, <h<'r h." •• I.'!!" l..e",1
OIo"'en, .mt ,-i. th< t..n,,''''''' pn-.crs.' ."..hme",', ,nd ,her '''''er>e I"""ern ,he ribe,ll'<" .n,1
,Iioe crest" In this "'r. th. qu"lmus butt""...,> >liear imubd,'l' ,nd 'ppea.. '0 he .ff<'C1i,.., in
.11 I",di"g ,,,odes. L)' it< .rduttttu,,1 design. Tr"jc.II)'. the first mode of lumhllr LudJing i,
1...,,1, ,he 'Iu.d",,,, .ppe... '0 pl.)" signifi".n, role in 0011...,,1 buttr",,;ng_ The ,hre.
layenof,he al~k,,,u...1",.11 'Te .1,0 import.", Ii..- "",hilitr toge,her "i,h ,he muocko tlut atroch
dirt:ttlr to ,'ertd",<------<he lltulti"'S'"enteJ Iongi"""u••11<1 il;ooo".li••n<I the uni"-¥lltem.1
multif,dii. Chole,,'idi .nd ,\ k(;ill {1996} ,Iso pr<,,,,,n,.d .n '''l!'.unen, for lhe role of tho ",,,.11
mlertT",...-.~rii ;n l"o<locing "".11 hu' <",ocol ,,,hilizi"g fo"",•. A, .,.11, I"i..';",u, ,10",
pl.)"" ma~,,- stabilIzing role ,n m.n)' hli,"g"sk< (Kamc et .1 .. !()().\), On the ""h.r hmd.
f"'O" ><ti,.,,,io,, 'I>pe'''' '" h.,.., lin]" rel'liotlShip ,,'ith I"", b..~ dem,,,d.; <he 'l1OIl"" ",mrol
')"'em octl"'l". il when hip Ae<or momenl i, require<! (see And.""", .. aI., l'i%, .nd Jul=
<~ al" 1998). l,m;ting ilS role m <t.bil;zi"g ,h. >pi~. ",h<'T1 hip A""~,,, i, n(~ im'ol,'ed, But whe"
correspondi"g hip t1-txiun 1< dem.n<kd. """'. bero,ncs.n im!,,,,,,,,,, >pi"" <t.hili",r ,'i. she.,
",iffne<s ,nd <:0<"1"""-';"'"

Eliminating Unsafe Exercises
()um,iuti,'. ,10" I",,,, """fino«1 ,luI no singl•• 1~~"ro;n.1exercise eh,lIengt.,> ,II of ,he ,hdomi_
n.1 nms.-,ul.rure ",hile .p.ring the !-'x (Axler ,n<I M<-(;ill. 19'ii). F"" this """s.m. """" ,h,,,
0". single •••rci", i. ""luire<!, U"fonu""e1)', m.,,;' i"'I~""'I".i..e =rci",. h.". o(te" be."
l"escrihe<1 r,,, peorle "i,h "'''' had ,liffi""I,i... ",eluding ,he follo,'ing'

• Sit-ups (boIh ",... ighlleg ,nd Ixn' kn"").,,, clur.etcri,,,,1 b)'higher I""" "",i,,,,;oo. wi,h
ron"-'Iu"nl h'gh k>w 1>M.·k <'()fl1]>""';"" k",i; th.l ",.-,..-cJ th" N.tiun,lln,uMe forCk'CUp>uo.,,1
S,(,~y ."d llool<h {NIOSIl} o<.'CUl'.uo".1 guideli""",

• Leg ....". "use ""e" higheT 1""'" ",-·tn-.lion .nd 'I1;ne "'''''1''''''''''' (.ctual ,,,Iu", "",re
pte"'ntcd i" eh'l"er 5).

• ,\ los< tradition,l ""censor """"i... "', et,.,..et<'i""d br "ery high ",~,It loa.... which
",,,,I, from extem.Uy .pplied COIIlp"",si" .nd ,h.." for= (from eilh..'1' free "-eigh,,, or r",i.,­
l.nce m.du"",,). A eo"mlOnl}' I"escnl>ed 'pi"... ",,'m"..- mu",1< elullenge ,m'OI,..:s lling p",,,e
,..'hil., "_"e"di,,g the "'''' ,,,d legs (<ee fi!(\lre I! .5), Thi, r"""lt< i" ",'.,r 6000 N of ro"'J"'CS-
sion 1o. hyl'e tondcd opine, l",nsf"", 1",,1 to lhe f.eea, .nd e""he> the int...",inou' lill".
ment, N<-...di< to ,")', lhis e",....",... ",n,,,i,,d.....-.l fo< a")',,,,' at ri." of I""" hock mjury--<,r
reinjut)'! Although sOllie ''\OJ' I>cli",'. ,hot IlU,ting <he h,nd. On either sidr of the h••d ",her
,h,n e"endmg lh.."" m.y m.ke this e..rcise "f•. th.,;. not In'e, Thi, "",rei"".>hooM be not

be dol\C in m)' fmIn, Furth.... "",.11 thot lhe In...ha"i,," f,..- d"e hemia"o" i, ",pn.luccd~'
hact ",.di""" lh.. IOl. lh. lmnbo. 'I~ne 6'011I full fl....;"" 'Old through th. "ng' of t1>oUon
"nde. I",d from ",,,,,,Ie ront.....ion.

In OtIr i""""igolion, we ",,,Ie se",,,1 ",I"".n,~"tioo.reg.rding 1"0" Kti'"l~'''during
.1~kmu",,1ex....i",,_ The eh.llengc to ,he 1"'''' i. k""",t during ",.-!,up>. foil,,,,'''! by high...
b,d. during <he horiwnul "de bridge. Rent-knee ...-ups "ere ,·h.,,<:teri<.<d IJ,' lorg<' I"""
.eti'''li"" ,h.n ""igh,_leg ,;t-IlPS, .nd lh., highesl pso" ,cti,'i'l' "'0' """,,,-.,.1 during leg "i...
and h.nd-on.kn... fl<>", i,ometrie ..enions. TIie often_r.cmnm<",ool "1..-...·h""I," ,i,.up.
whjch h.. been hrp,"helizcd 10 .<~i,..te h.",,,,ri,,l!" .tld neur.lI)' i"hibit psoa., "-0' ,,--ru.Il}'
confinned '0 i<l('l'<>" psoas Octi,..,;",,! (See f'!(\Ire 12,6.) (Origin.1 dOlO ClIn be found ;n J""'"
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Fi&"", 12.$ A"""""""Iy p'"""ibed 'f'i""""<"11"" muscle <;h.llleoge invol"", lying P''''''' ,·,hlle
e'tending ,he a,,,,, a'" leg>. Thi' ,e,ula in rwer bOOO N of rump'''''''''' II> a hypere:deOOed ,pine.
I' i, a poorly rleslgoc'<! ex....cise.

f~.., n.& 'lh" p'""-h,,d, 'iHJi> Wa' proposed hy "",...1cl,nk.1 WOOf". on ,heon>Ik.1 gr,......a,. '0 inhibit 1"0<" hy
activ.,,"!! the ham"'i"ll" In fact EMG .."""""", iJu'''' eo .1 .• I<J<l3J pro"ed ,h~ '0 be mythiul, Thi, o<ig,n.1 phoIo {rom ,he
Intr.muscul., ,,<per'''''''''' .row. the din,cian', hands bel"", the "",", of ,he 'obJect a, ,he ha"""I"8''''' being activ.k'<l
du"ng tlv: "'-up. Ac'wa'ing ,he n.,m",ingo cre.t". a hip ed"""" mom""'•• '" oiI"",1" 'equi,,, hip fle<""'. Du'lng th" ryre
of ,I,·up. ,he 1"0<" I, ac'",a'ed to <....,... h,ghc< I"",", '0 0'''''<';<'0''' ,he """""" """""", I,om rhe "-_ling, .0<1 pmduc" •
oe< lte>:o< moment. Thi, '~I'" of "'-"I' pmduc.,.-l ,Iv: h'ghe<lI""'" oj "..,... acli".'>OO of aoV ..~Ie of 'it_up ......, qwn.ificd!

---..!:!p.per ;md Lower Rectus Abdominis?

Myoele<;tri<; e>;den<;c, """""Iiled and C.lli~'led,~\ tll.lt ,he<e i, no run<;'iooal di\tin<;lion be!ween an
·upper" and ·ICI'W<.'r" rec,us abdomioi\ io rT>l\1 people; ;n mnlfa5l, I"'" obIiqueo; are regionally acli-.,ed with
uppo.... and lowl... oc....-or'OUl<:ula, C<.>mp<irtrnents as well as ",,--di.1 and la«>(al comporocnts. There Me. h(""",'t~.

\Offie highly U.ined ind;";,I,,.I, who are able to <<e.1Ie \01311 diffe<ence> in a<:l;,,'li(>!1. \1,1 tl><."" dillen'''''''
are only al '«'Y low level' 01 acti"ation and OCClK during ....·Il.lI would he c"",idered nooiunafooalt.,k\, for
e''''''Plc belly dancing (~i<lcl1 al .. in pn'SSI.
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co 01., 1998; sun", dinici.", .nd <.'OKh.. ",1>0 imentioo,Il}' ",ish !U I"'''' P'UOS ~;II find lh"",
dot, infOm,.,ive.) 0""" ,g..in, ,1>< oori",,,,,1 .Ii.... hri,lge 'I>PC"" ,0 h"'e merit .. i, ch..llong.:>
lh. 1"...1ol~lqu<,< .n<l mn",,"" ,l~hnini, ",;,h<"'l hi![l1luml.., c<~npK«i,·. loading .n,1
.....sur.'. high s..l>ililY indc. (. I..., uf <",,,,,,,,,,i,,,, uf me ,,,,·oh.d ,"u",.-lc> would ,,"ust d",
I"lien, 10 f,lI OUI of the beid"",),

Selecting Safe and Effective Exercises
A ~ ise choiee fOr sl.bili,."ion ••em",s in ,he e"ly -"'1!'" of t,..in;ng or reh.hiiiWi"n, ,nd for
.limrlehd...k he,lth ol>terti,','>. ,,,,uld II< lhc ·l~g th"","lh.n ,..e ha,,, qu,ntified '0 suflx:ienrly
ch,llen!!" ,"u,d., sp..re the >pine of high load, ,nd e",ute sufficie"t ",.hility:

•
•

Curl-UI" fOr rc<:tus oWon""i,

Se'iec,1 ,"ri,,;oo, of the side bri<l!« fOr "'" obliques, ,,,,",,'er...Worni"is, ."d qu.J ...~

""• Lq( .nd In" c;<let"iu", lew;ng '0 progression, of the "bird <!oj( IUr the ",.n)' h.lck
«'en"""

•

Fi!urc 12,7 W Poor furm durin8 ,f>< curl"'l' i< to Ik-.
,hee"",",.1 ;P;nc. luading ,he "",'k .nd nut ,he r~"'l",. Ib)
Anutho.~ ,""'mon tyl'" of I""" lorm i, to elevate ,he he.:td
dnd >l.:wJ1det--. d Idrge distd""" eli ,he floor, This p.:>';"'" i,
el<vd,ing I... too m""h, ""hieh i, closer to ''-'l'licd,ing the
much high« """"" of the ,i'_up, The inlef1,ion i, to ddi_
Vd'e r«M.nd "'" to f"oduce lumbar;p;"" molion.

• SUl~ hriJgff; rra;,,;ug lb. q~adr~lut

lum""",m, iIl..rul "hliquff, aad traus,..,...
tlM"",i"i•. Gi"en mt .,..,hi"".u ...] ."d EMG
.,'ielene. for lh< qu.d",,,, lumoo""", lr.n,-
"er", .hdomini,••n<l.bdornin.1 ,.bliqucs" <rine ,t..hilizc~ ,he OI"inul ,cchni'l"e to m..imiLe
" ...,..non hu' Inmimi« me Sri"e load 'Pl""'" to be lhe ,idt hridgc, Abdomin.1 i>...cing is
~""I>h.,i,cJ in oil f""", uf ,his ' .•erose, ,\I,i""i"i"g ,he bridge ensures rol"""l 'rluscle ,,-ti­
'"lion ",hil. ,h. broce in,""I""", ""'" comhin".,,,, of m,",cle recr\li'me"l ,Q en,ure ".hi]i'}',
I, i, .Im,," iml~"SJb)tfO, ,he sp,ne to bc<.unc u",..hl. "hile pc,Ionning. >ide i>ridge ",im,
neuu-,I ",ill',

• HirrJ tAiK" lru;ui,,/{ tIN bacit <n",....., In 0<" ....eh fOr 11\,,,110:><1, to "",i'..'e ,h. ",ten·
~'" (iocluding li>ng",ol1lus, iIK",,,uh .nd multifidii) ",ith m;n;n,,1 ,pIne Ii,,,ling. ",e Iu,,,,
fOund II", the ""glt-Itg ""ensiot, h(~d results ;n toIe..bl. '1""e I...ding (d;(lO "'') for " ..n}'

'Inc ,'.ri,,;oo ofc.ch of these ex.",i... ml'"
be cho..n ""ilh lhe I,,,ient' or ..hlete', st.."" )(

,nd sool, '" mi"d.

• Curl_up" fTaiuiug rurlU uhJrm,ini•.
CtIibt..,,'<l i"tr""'u,,-ubr ",d surf"", ~~\IG ",i­
,knee <ll~' tha, ,he "ario\" type, of""I·ups
ch.oIlc"ll" nuinlynrtus .l>d<.minis.inc<' 1"'''' .",1
,bd,o-lIi",1 " .. II (Internol.nd ""<mil ohliqllC ",d
,...ns,-en;c .Wo:)mi ni,) ><ti,;,~. i, reIa,i ,,,Jy 10,,' ("'"
"IJes in elur"'r ) fir .....ti,.. ><t:i,.tioe k~'d, in
, ",.-it:'y of cx<:rri>c llIsb). Curl-ups lI<rfon,1<.'tI
~'ilh llOOl" ,ochnique, heN'",,,r, e." be roultter­
I"O'IUCli,'c. eimer failing 10 :octi,'''e the """'"
,lilininis sufIK-.mtly or "'UStr<.";Slng the <rinc
(see f,gure 1<.7, .~), Curl'ul" ,,'im, ,"'i"i,,!!"
1n<;J(i<,.,.re cq>cnsn" in tenn, of hunhu <:om­

pn"S<i<m due tu the ",Idni"nal ,~diq"" dulk"!l'-"
llight-r(~»)iquc ><t:iv,tion ,,'ith ....'cr'lline Iood i,
"""",nl~ishc<1"ilh t1>< ",Ie 1rid!l", "hOd> i"here­
Ii"" prdcrrcJ """ l"isti"ll' curl-up, fi..- ' ....ning
the obliques, This "ill be: 1"'-""01l1cJ in thc """
<ection, The highcsl.I....-d ""rl-ur is I""SC"rcd in
clup... IJ.
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,nd ....'!h..,es ""e >ide of ,he IU!llL.. ""lOn..".. '0 'I~Jro.im"e1l' 18% of ,n...i,n.1 ,u1un" ..)'
<:<)I\"..cr~)I\ (M VC), Simuh:onoou! I.g .".n,;"n ,,'ith cont ...I., ....1.rm ...i,. (th. "hi..d <log'j
mC'...« ,h. unil......1....n'or mu",l••h,lI.ns" (,pl'rmim..dy 17% ,\lVC m on. ,i,l.
of ,he luml>.or "'tensors .nd 4,% A1VC in ,he other .ide of the ,ho...de ""'en",,,) bu'
,I", in.r ' lumb.r compr...ion '0 "'ell o"er 3000 1'1 (Coll>gh,n. Gunning. ,nd ,lkGil!.
19911), Thi, m", c:on h. "nhmced ,,'i,h ,1~lmnm.1 b"c;ng .nd ,I"lihe",,, m"n",1 ;m.g_
ing of >e,i"..ion of e.eh le,'el or ,h. 1"..,,1 .",ensor., One. '8";',. ,rchni4u, f<" eh.lIengntg
,h••"""SOI"S ....,,,Id be !!"idcd hl' ,h. I"t;"n,', "'"" ,nd gool" Thi, i,.n indi,-idu,1 din",,1
,h-i<i<",.

Beginner's Program for Stabilization: A Samp-"Ie~_

Nnw ,hot l"u ar. fomili>r ",;,L ¥I''''' '('CCific "'COCl,mcnd",llow~~ c.erei"", how ,~, ~T>U pu'
,h.", wsrther '0 .re... the be" "",";bk pros""n for )'our I"rirnt? "';;wning ,h" ,he.... ,,"'"
no l"nirular indie..orsoo"ined during I""'""..i'.. ,,,,,ing ,h.. "uuld COI1'r>ind"'''. beginning
"i,h. ~'jlicxl pr<Jgl'<$""'" w. recommend considering ,he f,~I",,;ng se<jueoce:

Figu.. 12.8 C.tltamel e:<......ise. NOIe ,ha' this".
moli..., ..",etCi", .rld nul • st,,~(h; <In nul f'U'I' .1 tho
<'ltd ,.nge of moti"". \\500<;1)' i. m,.'.w,.Wy fC'd"","'"
.ft,~ iUS! • f..'W <)'de•.

•

4. These mo,;on, or. folluwed hr >nlet;or
.lo<lomin.1 e"""""'" n.mely, '1'I"""J'ri'''' curl­
op'.

j. 1.,,,,,..1museul..ure ...re;"" f"Iew.. n.n'e1l'.
,he ,;,!C hri,lge mr Ilu"lra"" hrmhorum .",1
,he mu","" of ,he .bdumin.1 ,nil for op,im,1
,,:!bih,~·.

6. The e".nsor prugrom ..-on';", of leg ""en·
<urn, ond the him '~>g,

In 8"""...1, "" ..... >mmend ,h" the i"""i'lnc h<~d,

performed in ,he curl-up'. brld!!"" .nd bird dugs be
no ',n!!"r ,h.n 7 ur g O<:C011,k gi"en rec.o, .,'~lenee
from ""or infro ....1'I"-"-"''''''''pr in,licoring ,.pilll,,,,
of " ..,I,ble OX}'gen in ""50 ","",Ie> ""OI1'ra<";ng "
"''''''' b'e1.. Sho" rel ....i"" of ,be muscle res""",
"'Jgen (.\I""ill. Ilugh",n••n,ll'orls, 1fIOO). Th.
endu,,,,ee obj""t"'., .re ,ehi""e<! br buildins up
rellC~i,iotls of ,he "fro"".....her th:!n by iocre"ing
,he duran"" of ",eh h<Jd.

I. Ilq;in wi,h rho n"";"'n_""en';',,, cycles.•1", ""lied ,he c.tlc.md mono" ("'" fi!!"re
12,8••-J,). '0 reduce ']line ,i""",i,v. 1>:",. ,h:" ,h. c.t!e.md " mtend"I ... motion
excrei",. not • streteh. SO ,he """ph..i. i. on 'noli"" ,.ll,.r ,h.n "pushing" " ,he
en,1 ... nl«" of Ae.i,)I\ .nd exten';OCl. \ \'e luw f""n,l,h., fi"e or ,i, C)"ks ore often suf.
fi ..;.nt to reduc. r",,,' ,.;"""" "re~,I,li-

,ion.1 C)'de' , ...ell' reduce ,'i",,,,,, frierio"
further. '1'1."... wi,h sci..... mo)' find i....,....sed
'ymp'om. during ,h. Aexi<>n ph.... U",
I'"'' 10 guide ,he ,ui..bl. I"i"-f",,, ra"g<' of
~~.

1. P.,form .<lo,,' "",,;'1 "lu." in which ,he rei,;,
i, dll.....'oo du"m,..td ond postenor .lollS •
45° Ii"., The S\~ne h.. no tn<>liul, ("'" 'Pot,~,

Squ...• 1"11" 179).

J. Sci"i. I"in 'uffcre" Ill'y tr~' ,he n...,-e­
fl""ing 'echnique mll""ing 0 "",lUr. ,h"
",he"... neu,,1 len';un.
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,\lot;''''ffl by,,,., ""ide""" f..".,h~ ,ul="'non,yofextenso, .nd"",,,,,,,o,'., ..",n!f1.h ". bcnfh­
"",rldorgood I:u<~ h.,l,h. ""e ,l<lCUment..l ",,",ul r.t~.. ofcml",..""" ,i"""dorth. 'ON) flexors
",Lau,,, to ,he ote"><,,,, .".1 La«,..1 mu"..ul>ture (_ e!Lap'er II), U.., ,he"", ,.. Iue, l<J identify
"ndur.n,," ddici,,-both .I",;olu'. ,..Iu'" .".1 ror ,--,,\e mu,d. ll'''''11 ,dati,.. to .nOlhc.1"_nd .;,
"".bli,h .."",n,hle endu,..nce go,tk for """ po,iti'll!.

A Crl,ldaJ Nole 10 C1inil;:ians

InsiSlt'l\Ce on llerit'<:t tco:hniqlJe will allow the p;l1ien, to reach much higher levels of chJllengc
withou1 p.'in. Do I10l allnw spine deviation such as lumhM ilaltcning to the floor or loss 01
neulral during holding of any stabilizing IJOSlUre. Constant postural correction i, nee",,,,'Y in
some l"'lIenrs, Fin(li ng the op1imal do:sage 01 iood is also cntical. Keep corfc><::ling to c1imin~1C

any p.'in,

Exercises That May Be Used
in a Stabilization Program
The h..ic "big three' ""erri"" !La,.. hee" found to he the exerei.., dut ore the mo,' effec';,'e
in ...orbng ",'i,h I'"i~n" "',m 10.... Inek ,,,,,,1>1<...

BEGINNER'S THROUGH ADVANCED CURL-UPS

Thi, series of curl-ups, along wilh ned mengthening isomel1lc e.erci"" ior the neck (a,
nt><::~"'ryl. l"'<1'Iidl.. a good foundation 10< J '!rong rcc1tJ<; alJdomini"

8EGINNER'S CURL.UP

The curl.up technique is critical 10 Sp;l'" the spine, The OOo;;t; Slaning poslure i, s-up;ne with the
harod, ",pponing Ihc lumbar "-'gion. Do ""1 ilallen lhe back 10 the Ooor, which lakes the
spi,\{' OUt 01 c1~Sli, c>{Juil ibriurn Jod ,~i'e,; 1"'-' St....-s,;cs In the l>Jssi'e tlsStJ{'s. While 1"'-' posi_
,ion 01 elJS!ic equilibrium is desired in lhe
lumbar reg,on, the hand, can be adju'led
10 miniml", pai n ii n('oCdcd. One Ic,& is !.>em
with the knee i1e.ed 10 ',In° while the other
leg remain, rei ",cod on Ihe i100r. Thi, add,
iurt",-,r torque to the pel\'ls to I"e,,,ol lhe
lumb.1r ,pine Irom i1Jttening to tr.e O()O(,

The locu, of t"'-' rotation I' in the ttloracic

spine; "",ny teod to fie. the (Cf\'it:al spine, a ~:::::::~::::::::::~which is poor techniquc. RJthcr, picture
,he head and neck a, a rigid block on lhe
1hewacic spme, Nocer\'icai motion ,hould
OCt;u'~ithe.chin poking or t;hin tut;king,
The iotention i, to acti\'Jte rectu' and lhe
obliqut" and not 10 produce spine motion.
Ind,vlduJIS who report neck discomfort
mJy try the iSOf11('''it; e,crt;ise' fo' the
neek that follow. In addition, particularly b
lor p;l1ient5 e,perienciog ned ,hscomlort,
,he tongue ,hould be placed on the roof of the mouth hehi nd the fronl leeth and pu,hoed
upward, whit:h helps to promole ,"bilizlng nCt:k muscle pallern" Palient' ,hould lea'"
1he elbow, 00 the flour while ele""tiog the "'-'3d and sho'Jldl'rS ~ ,hort di,,",x,- off tile floor.
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The rotation r. iocused In the mldthoradc "-'gion. The h<.·ad and neck uo,t is 100:",-'<1 onto !he
rib cage.

Sl"....m in!he phoIos are raj a ''''Y mild intm of the c",l.up is to i",t !,lke the we<ght ofi
the head and shool""" w'th alllX>'l no mooon Ib) while more cNllenge is oblal",-'<1 w'th
,;,ising the h<.\ld and \hoolden; oot iocu"ng lhe motion to the thorac;,: ~nc with no {<'fViGlI
Of lumb," flexion.

ISOMETRIC EXERCISES fOR THE NECK
Those who eXpl'fieoce neck symf1l00m with curl.up< may find relief by ""ildlng the neck with
i"""'-'\fie ""'->fd"",. In all of these e'o«:i"-,, the h<.'ad and ",-'Ck unil doc" noI """"'. and!h<l
tong....e is placed on lhe roof 01 tile I"fI(IUth IJeh,nd the ftot1t teeth raj The h""ds are l~ace<:l on
the forehead. "hich ""lSI< neck 11""ion el10f1; (bi the hand is placed on Ih<l side of the head
to .....i" cl'fVieal side flexion ....fOft, and then !C",,"le<! on the 0Ihe< "de; Ie) lhe 11,,"'" a,.,
pla«~1 on ,he b<>ck oIlhe head 10 rc\ISl Cl.",iG\1 ""Iert>i"" dfm, Hold lot ",,,-,,,11 "-'C'><>OS.
then relax. huilding up endu,ance and grorwing Slal>ili~ing moIOf I"'fi",ns Ily increasing the
,epetttio", of the hold---tela, cycle<, (Belie".. it Of noI. SC<Tll' p.:lttl'm, try this while chewing
gum. whict. rll;)k"" lhe grooving of Slal>ili.lng p.:ltll""" 1"'I,<.>SSible,)

CURL-Up, INTERMEDIATE
The in!c>fJTll'<1i"tc pt<JgfC,<,ion of the cu'l-up is to rai", the c>lb,,,,", " coopk of ccntiJTl('\l""; SO
thaI the arms do noI pry the sho"lden; up. thUl shifting more load to the rectus- Do not '<lise
the head and neck any hlghef than in the bt>ginncf's cu'l-up.
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CURl.UP, ADVANCED

"'n advanced c...l-up requi,,,, P"'b<acing oIlhe abdominal wail, The f""Slane" i. J>fO"ided
by lhe I:o<oce, and no addllional motioolilk<-" place. lhis Can be facililalc'(! "nd le.".'ed wilh
f.1so;i,11 f"king by" dinician. D<;<ep I",-,athing is al§O.'ldde<:l to Ifain lhe di.'f'h,agm to funelion
ind'-1""'dentfy of the Slabilizlng abdominal mo",ulalu"" The he.1d and ned mllSl mo\o'C ii' "
unie "",inlaininglhc" rigld·l>!<x:k posil"'" on the thoracic spine.

Si<l" hri,II:'" "" excellent oxef<1"" '" eh.lI"n!!" ,he impon.n' ... hili ..... of qu."tr.,... lum·
borum. I.tissimu' <Io<>i.•n<l the .bdomin.II~~iq""",..h.ik ",.rring ,he "!,;ne of "igh k,.<I,.
While ,here.re """erai fOrm, ,hO! ""'HI"';"" iogic.1 flfOl!"""ioo...ch ro.-,n is eh,,,",,,criuJ
hj-" n",,,,.,1 ,pino ,..ith tho Til> "'8'" !<xl"" to ,ho pcl,·i•.

SIDE BRIDGE, REMEDIAL

MaO)' Sjx-:ial palienT caS<:.'S de>er>,-, C<JflSi<k,..-,'tioo-for "'an~)I,,, lhe ch'onic f>JTient w"" is
quite dccoodilioned. These palie"" arc """"'i"...., un,-.hle 10 p"'loI'm the ,ide bridge ""'" fmm
the k""",. Start I""'" people wilh a .ide bridge while Slanding again" a wall, InSl>\JCl Ihl'fT1 to
"...,.." Sll"I()()lhly fr(JfT,!he l>cginning poSItion (JI lhrt:Jugh lhe intermedfate posilion (bl to lhe
linal posilir>n r<:J, in ooc ~<>wing lTkllion. The p.1"e," >hould pivot aver the toes, ." if rc<fo<rn­
ing a lIuid dance Jll()','e, Coong from the clinician may inciude feedback from the heel, of lhe
hand on the jlC'vi. and the ~n!,'('<1ip'on the fig GIll" to ellminale IUmoof O1OIion,

Once p.1Ii"".. grad...."" to the tloot. lhey (.In sparethe >!~neby beginning IdJ with the knees
and hips quite n""ed and fl1O'<'ing inlo the side-bndge po>Iu,e wilh an acconJKm-Ii"" unioldi"8
011"" "-ogs (or a hip hlOb'" 5<loat), all lhe lime re) k<-,,-'Vi"8 a brat-..-d ",-,,1'01 'l'ine, Nt'\'(..- olkYw
,he l"'ient to iF) s-Iump into a deviated ilO9ure.

Anolher type of p.1'ient is the ioolb.lll player "hose shoulder, are so painful he camXJI,oler­
ate lhe shoulder 1o.xI(""",-, ~derly """""n alSl> jail into ,his paUl'''' g""",l. Tht'5C palients ("n
1l(.'fiOfm a mo<li~cd side IIfidge by lyi"8 011 the floor and atlt'fT1i~ing to raise ,I~, "-'8' I"t",aily
1& h) Of ,imply allcmpli"8 10 to"" the weight oii lhe legs.

Anodll"- optioolor p.1tient, with shouloc'lS thai (annol lokvate Io.xI i, to !land 00 a 45·
bench with lhe feet anchored (i), which 51"''''' the Ihouloc'fS.

lJ>i"8 OIhCf <levi"",_ the tor>o can be either eleva,cod from lhe ilad Ii, k) Of b'idged with
the shool,!t..- (Ij.
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SIDE BRIDGE, BEGINNER'S THROUGH ADVANCED

Or>ce)'OUr e1ienl is comiortJble performing the 1;",,1 r~'f'r",'(IIJI sloe !.>ridge, tl'lc e1iem m;ly rt'I<:I'Ve

on to the beginr.e<" through ;ld.."nced sI<Je.l)fidge ~,i(ln.

BEGINNER'S SIDE BRIDGE
B~'8in~ bridge from the k"'-"", In the i>eginning
fX'sIlion, the ("efti"", i, on the sid<>, suppo<ted by lhe
elllOW JIX! hip. The k....'<.'S Me bent to 90". ptJ(ing the
free halX! lihe halX! alX! I,ngers are s-pre.1d alX! cap
"'ief the deltoidl on troe "PJlO'lIe 'houldef and pulling
,hwn roOusdy on il will help Slablli,e the ,,,,,,,Idl~.

The IOfW Is straightC<1ed until the body il supported
on troe elOOw JIX! the k""", wilh """" input from lhe
luwt..- "-'8. The beginr.e<" >ide brid~'C c~n he slightly
advanced by r1acing the free arm "IOIlg the side 01 lhe
I""-O------Cffectively placing more load on the bridge.

INTERMEDIATE SlOE BRIDGE
The lx'l!lnning posIliu<1 k:>< the i"'~'I"m(odiatCsioe t)fidge
il like lhat I", the begin......., except that the leg; ar<>
5lraight. Th<> lor", I, 51raightened until the body I,
l-Upported on the ClllOW and ieel (St"-' phO(()1. When
supported in Ihi, ""'Y. the lumhar C""'l"""ioo is "
rT"OIIesl 2500 N, 001 the quadrat'" e1""-"110 the floor
~ppeJrs 10 he ~cti'-'C up to 50% of MVC (thiS Is J prt.~

le<red exercise 1(If lhe oblique> ,inec they C"f>Cl"ience
similar level' of activalionl,

INTERMEDIATE VARIATION ON SIDE BRIDGE
Placing the uP'f"'''- k'g ,'1X! /ool in fmnl of the k.......- k'l!.1nd fool will enJi>Ie longit""i",,1 "",lling"
of the torso to challeng<.> boIh anterior (J) and po5Ierior (bl flOrtiOfl\ of the abdomi",,1 wall

ADVANCED SIDE BRIDGE
Advaoced teehniqlle to enhaoce lhe trOIO< chatlC<1gl' oj the 'ide bridge is to ""filler lrom one
ell>oo.v to the "'h<>r while abdominally bracing (aoC) ralh<>r than "'l"'iltedly hiking the hips ofi
the ~()(If intO th" bridge IMillon. Efllure th,lI the rib c~ge i, braced to the pelvis Jnd that thiS
rigidity i, maintained through the full roJl f<Om one 'ide to the Olh~..- I~. bi. The clinician may
Clle the pdtient by placing Ihe r.eel of It><> hand on the WdC uesl wilh lhe fl"S"" tooching lhe
rib £Jge. TIlls diM to ~n!-Ure th"t the ""lvi, doc'S rl<Jl leJd 11-0: rib cagc during 'oiling mak'S
11-0: CXl'fCi>e fI'lOf<: Ch.111C<1ging, and >Jic~ 1(If 11-0: Sl~ne, Poor Inn-n il sl>own in c. Still higher
I""el' of "':ti"atlon "ould be reached wilh the ie« on a labile suriace (Vera-Garcia. Crenie<,
Jnd "XCiii, 2000), This is llxhnique "",,"..-vc'd ior the ;J1hlclIC lxId.
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C1ini<ian. roll,l rem"m!>e, to ,mph.si", .hd<>onin.1 b<acing .nd , ncu,~.1 ,!,ine througho",
.11 Iw,,,m, of ,hi, £n.1 or,he "hig 'h,,'''" nerci"". n.mel)' 'he hird d<'ll' P.. ,r fmm jnd",1e.
"hill hiling" m .nj' othor eonfill""u,-", ,h., co""", devi"iOl' ("d", Ik.ion. or 1.,,,,,1 bendi,,!!)
10 ,he 'ri"" (..,. fill"re I !,~.•").

•
Figu," 12.~ Common m,,"keo m.:><l<: in the bird dog ar" (.) "hIking" the bip, whkb ""i,,, the "Pine.•nd Ib) nol <><:h"""
'og' neut,.1 'I'ine-.llexc'<! poolure i, oIlown here.
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REMEDIAL THROUGH ADVANCED BIRD DOG

Recalllh.:lt lhe N,ic b<'d dog t,air>llhe eXlensor mllSCle<, even lhough lroe <IbdomifIJl, a,e
conICio<IsIy aCll,all'<llo conlrol and fNintain lroe "'-'Imal spmc poIlUre. ", always. 1"""8'1"1­
sion ltw.'li on each r><'lk>f1I" uni'lUC ne<.'li' and '1'\j)(>r1"" lo",enir.e, along with insiM'>f1U' on
c()(reel I()(m, i, indispe"",ble In enlUfing thallhe p.ltient e'periel1<."-" Mrenglh and en<lu'.nce
gair>l willJool injury,

REMEDIAL BIRD DOG

The 'Wlin~ posilion i, on the h.:Ind,.nd k",-,-" wllh the hands undl'!" lhe '1Joo1d\'l"s and lhe
k",-"l'S dirl'CIly under the hillS IJI. For the llillient wilh avery dl'COn<lilione<l W<;k, Ihi, ",,'<Cise
invoh"", 'impl~ lifting a hand Of knee aboul ,In ioch oti Ihe floor (b). "ite< the r><'li<>nt i, aWe
10 raise a nand Of kne<' wilhout p"in, ;1 i' app<Op<iate 10 I""ogr<~ 10 rai";"!! lnl' opfIO'ilc hand
and knee ,imuItJr>eou~y.

•
BEGINNER'S BIRD DOG

INTERMEDIATE BIRD DOG
n..:, intermediate b<rd dog i' achieved when lhe patient iI.lll", 10 raise the oppo5ite arm and
k'll ,imul""",-""Iy. Rai'ing cnh,'!" the .fm or the kg P"" hori,onldl ,l>Juld be avoidl-'<l, The
o!>ie<:tivc i, 10 be ahle to hol,1 the limbs p"",llo;lto the 11001' k>r .boul 6 10 8 \CCnnd,. Good
torrn indlJdes a neutfal ,pi"" with 00 spine motion and atKlomifIJl braei ng.
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ADVANCED BIRD DOG
To develop tr.e moIOr control challenge funher, tr.e p.llientlhould oot res! by "'~cing Ir.e hand
and knee to tr.e Hoo. ait,'f Nch holding ,<-petition. Ralr.c'f. ak", extending the nor"",1 bi'd dog
position ("), the fMtient sh<.... ld ·s....'l""P· the fl()()f with Ihe han'l "nd k....'C SO tlw no ~ighl is
bo<ne by eilhe<. The poltient i' 'hown beginning tr.e ''''''-'I' (bJ. al the innermo>l point oi lhe
''''-'-'P (el. and eom,ng b.Jek oot oi lhe "'''.''-'1' (dJ, The pillienl then e'lend, the aen", I,mbs
bock 0Ul into the bird dog fX>Si!ion lei, This Icchnique .,Iso all,l'Ni musck.'S to r<J\»<Yl\C""'e
wilh Neh ·,weer· cycle (McCill, Hugh"",. and Park" 20001. finally, If><! raise<! h.,nd and
arm >hould be Sliiferx'IJ with cocom."dK>n inclooing Ihe 'houldc<. With focu, on the uppl'f
b.llk. these muse"-'S (lhoralk:. k.><lllissimvs an<I IliocOSIalis) are facilitated ll\ J highc'f levei of
contraWoo.

Copyrighted Material

http://www.go2pdf.com


•

•

•

Copyrighted Material

CHAPTER 13

Advanced Exercises

The I:>egin .....". p""'l(f>m desc";heJ in eh.p«' I, should he ,,,ftirien< fOT ,bill' ~ine he,I,h.
Seve,,1 ,;n""""" how",..,,-, m,l' ",II for further '''ining'

un'ln ()OCIl1""l<m.1 "sb ~ith ,pecific dem,m,h tlut ""I"Ir" nniq"" I><q>."o"" an,l
",,,nlng
Some ..hl",k code,n,., ,h'l <I""',,,d higher ,h,II,,,ll<" of low boock ",ining (.I,hough
,hi, is ochiewd IO'i'h m"Ch hightr risk (If ,i,,"e d.m'gt from m ..r1oo<l)

SO",. palien" "'hu, OS 'hey P"'I!""'" "'j,h tho j""nrtrk ...bih"ion .",rtises described
in ch,p,", 1" ,"',n, [0 COf'";n",, i""",.sing ,he ch,lIeng<

Thi' t'h'I".' ",ill introd"". ",me e>""I~CSof """. to ;ocr..", low b,.ck ch'llenge' ..fdy.
how 10 ...w...,.. >('OCific ,",u,k•••nd "htelic concern, '<.'g>rding .<h·,tlCed ,,,,ining, ,nd ocone
ide...I~,u, 'he "ex' >te", to he ..ken in 'he "u,ly of low hock reh,bili"n"n md •••mmg. Hut
.d,,,,nt't'tl tnin;nll" i,. ,,,,,,pb top"" ,h.. ,..n"", be .dc~u ..d)' ..Jdrcs"'d in. 'illglc ch.!"'et.
Fo' the in'erestc'tl ",.de' I h"'e 'nincn UIII""'I, &tk Fi/fl<st ~"" Ptiform#n« (1006). , det.iled
b".,k on ",bn""l ",erei.. f'>r ,he bad.:.

Thto p,,,,iou' c·h.pt.T <""c"Rod <,"ni«, th...mumpll,h ,h. 1fOII1' uf ,he fin' ti,"'" '''I>"' of
r>"'l!""';lIg CJlcn:i"" Thi' .h'l",e' imnxlu"'" • fel>' 1I00",n, 'Wo' ".gco ~ .nd 5, 11<:••11;

• S,.ge I: Gro:,.. n\Ol;O/1 pattcm,. moIO' I","e",... lId oorroc,i.·e exc"'>e.

Idc",ify pc"urkd p"t<"", .nd de...l"" ,pp"'l>ri"e oom:cti.'. =-rei...

Ad,l'e" h.,i. m,wemen' pattern, 'hmugh '0 complex >ctil·ily_.pe.ifi.
pm.m..

Add,." h.,i< bab...." ch.H.ngc.. 'hrough to complex .nd 'P'-,-;/i. I>.ll.",-""

.1""1"O"""e"'"

n"

•

•

SlOg. 2: Huild ",hole-budy' 'J\d pin, ",bili,}' (tOru, on 'pinc ".bili,)' here).

Build ,,,bili,)· while 'luring ,h. join".

Fn,u", ,uff"'icm ".bili,y commen",'"e '0 ,he dem.nd. "f ,he ,.oL-,
T,,",fer ,he I',"em, in,o .pph."ion ,lUTing d.il}' ..,il'i,i<:>,

S..ge J, I""",,,e .nduto...."

A,Id,e" h••i< en,lur.nee 'raining '0 en,ure 'he cop•• il)· nceded for
".hill,at;"n.

Add"" ot:t;,lty-........,fic ""Juro",,e (duroti,>t'. ,n",n>lty),

lIuild ,he b.o>e ~,.. .",n,...1pcrionn."", ,,..,ining (",,1)" in ,f.-,.. w'i,h ,hi, J!'.'ol).
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S"'ge 4; Build ,trength

- Sm'" ,he ioi"", ,..hile ""<.i,,,i';"g n<UroInu""ul" eO"'I,"",nen, ellollen!!".

- Progress to ,lill m'''"'''''em•.

St.gc j: DeHlo" SI,,-"Cd_ powc't. ,!!,Iity.

D<."'-"Iop "I,i""," l>«mn,,,,,,, ,..'ill, the bn,thtioo1l,id in ""'!ItS I ,hroullil 4.
Foeti. on optimizmg d ..rie ene'll}· "0,..'11" .nd r"""uT-

Employ ,he 'echn"-lu<> of <upecs,iffnc"",

Safely Increasing'-'C"'h"'a"I"le"'n"'g"'es"--- _
Too",~"i," po,im' ..fc")'. ,he dinie...n "'"" be ,w>r"ufis<ues os!O<i.,«I ,.."h ,,.,,ini"g"" IoLile
",rf,,,,,, and ,..'i,h m>ehi,,,,,, .nd ho:w.' 10 pros...,.. ,he "hill' ,hr",,' e.<erci>e:s described in cllop,"'
I] «("Uri-up>, >ide !>ridge<, mdleg .nd onn <XIenQon.) to their highc.", le\'Ol. Some guidon"" i.
prO"icleJ here.

•

Labile Surfaces
and Resistance Training Machines
No' .11 ellmelan, .rc ,w,rc of ,he f...~<.... tht")' ,ho"I,1 ..k In'o ."o>Un!
,..·h.n dc~'idi"g whether to pre,,:ril>c ""crci"" u,ing Mole 'urf.= 0'

",,,,hine<. Followmg are gl'iddines aboo." m,h of1h""" i,,,,..,

• Trui"i"J: /ruh labik "'if""". Ch.II."Jl"> to the .pine during d.ily
.cti,' i,}' ;nc!u.de mai m.i ni nil' Sl.l~1 it}' ,I uring "., ie, Sl eo dy-Slote postures.:
une'l""-"tCdln.,ding .",en'" md planned dp"mie or halll,rie n~",emcn'.

This has n""i,..,eJ some di"ici."" to ""-",,,,,,.,O<l e.",,,-ising on I.bile
.... rf."'" "och .. g)'m ball., Cert.inl)', t1",,,, hhilc ",rrx.. "".Ilenl!" ,he
mot'" 'i~'em '0 n,,-,,' ,he d}"wnic .."', of d.il)' li,';ng or 'I"""f", ..htc~ie
.",,,,i';es .nd c.n be ",,)' helpful fOr .d,..rn::-<tI ,,,,ining. Bu' m'gln ,his
'ype of ,,,,ining he of~rn ror 000'. p.ti...,,,? Our =e-n, qu.n,ific.­
,ion of el""'I«1 ,pine \ood. and m""de ",,,,,",,..,;"n ""hen I"'rfmming
• eurl-up on I,bile surf"-'CS (" ....-G....·i,. CrenK'T. and ,\It:CilI, 1000)
"'!i'K""ts ,h., the rch.l>ilimion program should begin Otl <UbI...."of""", In
thi. '-""', w'e ",,,,,,,,,I ,he "mple ",rI_up &", the effi.'<1 of • l.bile surf"", ""
",,,,,-1. ,,-'Ii.~tiO<J patt<'mS (so< fi[!UIT IJ, l.a--Jl. Si ",piy moving li-.-.n • sral>le
.sun"", l<) .I.bil. <urf...,. <>ud much murt a>rolltradioo. "hid in ,n"'i'
n"" virtu.lly <1ouhlc.l ,he .pine I".d ("'" figl're 13.2). Tl.. I"""';'" uf
pi,,-·ing ;,",;':n" on I.bil. surra,,,, carl)· ," ,he ",h.bili",;". pn,!!""," ''an
de!>}" impro-·<ln.", hy c.u<ing "ueerl>.,lng ,pi". hod.. W. ,hcrero,.
'''gges! heginning ""erei"", Otl • ".I~.."rf>e••nd e".hh,hing. 1'O'1,i'·e
>1ope to imp""'e",,,n', In'roduct: labile ."rf""", ,..Jiot-ious/;'onIy""'-" the
p"i"", h., ,,-'h;""«1 ""'IC ...bility.nd ",rr.c;.,n~y t't."StUn>lload-be>ring
eopo<ity_ ",<1 eon toleral••ddi,ional coml"",,",ion. This <:Ime principle
eon b" extc'ml«1 '0 .ining. Sining on. gpn baJl IfTeotl)' e]"vat...pi""
load ,hrtJYK!' i,,,,re.d muscl. roac',;'-"ion. Fo, ,hi. ,.uson, lli>np"i.n"
should OI"<lid prnlongcd <;itti"!!"on ~1n hall" .n<.!lUtient> should "s< ,hem
onl)· rm"" ,he,- h,,'. ",hie,-.,.I 'I"ne .",hihty and me""...,llo••I_be.ring
eal"ci,~" Th,'1"< i•• ,ime .nd. I~"'. fur l.bil. surf.ee>.

• 1raining -,;:ilh mtuhin" ""d <qMipm<",. Generally_ ,he go.l of
e>..l>Ii,hi nil' Sl. biIi <i ng ,non.. l"ttCflI< "'lui"'s ,he inw,i J ... I to "'wort
OOJ)' ,,'.igh, ."d ('OOrdi"... ,h" ".Lili ...,io" of .11 joints in"okeJ in the
t..~. In o,her ",·ords. il is. w'ho!e-OOJr, ,,'en ",'hoIe-pe"""" ende or.
M.ny ,,-,lning ,,,,-<·h,I\<."'. on tll. other IIond, are m.de to lso""-,, Sl"- ·ifie
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FiSUto ll.l lhc "mplc c....l..,p
wo, o<>=ed foo- 'he efieel of 0

labile ",rf""e "" mu,de ae,i,,_
tion p.ne"'•. The percen' <>1
m.,i"",1 '-'Glun'.'Y c""trae'iO<1
{"Ib MVq in tho, ,"""••• l></nmini,
.ro1ed......1MolI.......... lohl.........
co ""'lI hi' .in~>ly """,ing /";•.,, (.)
•".We ,...t""e It> (b-<Ji V,l<)'ing
In"" ui labi!" "',,"""" i, shown
in figure 1J.1,
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(PoslUrel"""""" inligo", 13 I)

[] "'''''''u.llbd<wninis
• e.",ma! oblique
o Intomal oI>Iiqoe

f'8"'" 13.2 lho%MVC"""""byrodi
01 the po>Iu"," <hown in ligure J), 1. A
rurl-up with the body over a ball ar..J ,he
fee! on the fko- ~;gure U.lci virtually
doubles the abdominal mo.de act"'..ion
""'" in, <url-upona <t1bIe!-Ufiao:e(f'll'""
13.1.) .. nd, cnr,espnndlngl,.. the ,pine
Io.>d. NOIe thal the % MVC '"qulted 0(

,he Ihree """"Ies -"uri"'" i, ,I", much
hig",-" in curl-uf>' wilh ,he hody """
, holl .. nd the leet 00 a bench ,Iigure
D.lh) and with ,he body on, wobble
bo.>rd (fig"''' Oldl ,a'"", ,h,,, on ,
..ahle surface. Cle..ly, 'gym ball c'"
he ,vor>o:k)rfullor ad'v.OC.,.-] It,in,og 001
;, c""",ind"",ed In< many p-l1;cn1'.

;0;"'. Si,,,,~ nei,her ..url<", nor "h1e't::! perfonn ,h.ir ,.,h in
,hi, mifici,lIy mhilize<1 ""nner. ,he:s.: In"" of "'OIor p.>"em,
n"j' no' b< ."n.f."lil....d. "">r>e, nul' nu\<O in'I~''''I''';"e

gT.........inlloftllOl.". .nd ,notion I"..rm,. Thronlj' .im~ ",adli"",
,h'l isola," joi"l> an b< helpful i, when an iniury to a spe<ir",
1i<,,1j' p.>n ""lui"" It> pm,,-xTion duri"g ",lubili ..tl,'. ,,,In;ng
Sc"". ;"eorm.-t1y b<1ie,'c th" Isol..I,,~a joint .o",.ho,,· redu,'"
,he loading.nd th", re<h,ce. ,h. risk Con,ider, fm eumple.
the 'ypi<..1~"en">r heneh,.. or Ro",an .h,ir. ,,'hieh generally
iml""t 'wice the ",u",l. I",di"g ,ho" n."sult, fro", perfon"i"g
the bird dog si",," ho,h right and I.f, ,id.. oflhe lumhar an,l
the lhoraclc exten",,, "e .ct;,..",,1 (see figure JJ.! l. 1"1;'"''
who "m" uSe ",.<lti"., ,hould ""n,ider "eruin 1i"'\:"I"rinl1
,echn,qu<:s. The leg pres, ..d. for ...",ple...."",j,,,.. CO"""

the pel,;, to mUte ",,"Y from the hoc\: rest when lh...·.ight i,
lowercd. T.... ,"",Itant luml"r Auioo produ<~.,h'"TIIl,tin!l' ('on­
dilion, for ,h. di",! If p.>ti.,,,, mu>l use ,hi, e",reise. we ,"gge>t
tht)· use just ooe leg., a time 10 e,,<ure lh.. th. pd"i, , .."ain, i"
m"tact w,th the l"",k p.d ...d tin' they l>.r,.....ty. , neu,,,1 'I'm.
(= figu ..... IJA). Ha,;ng ""cd thi,. ho..'..·." wc would n..·"
one"'pl to gmo"e th... motOT ",,,em, in ...y of "'IT pmgr.>n..,
th,·y a", """funetlon.1 ex,",-," for leg.p",hing • wright up'

""'I'!
Forth<: l""''''''''''of thi, di,,·u,sion. cahlesto "'eigltt 'lOck. at'<

not mosidered mochin,'> since th"" do not is<~". ~,in. ",,,rion
and add r<:<i'ta"c< to "'hole-bod}' ';lOIioo pme"". O"c exen,,,,
,h'l e"lta""". lhe abili'j" 10 st.I~liv: the .pine i, the eahle 1',,11­
d"..n. Thi, exerel",. when .he h.ndle!>" i, limught (~>"" t"
,he chc;t (.... her th.n til< bock, "hK'h i, trodit;"".l ,,,,h,,i40<).
ehal.,"ge. ,h. lati"im", OOr<i .",1 Olher subili""" (..., c"H,
PJJ!l·Dr..-1U f'" L_hlJr S,dbiJi'-"'l'i<>rJ, p.ge n~), A, we ....ill see
,n. "'W4ue"t "",ion. th.", tn....'of .xeni"" ron". port ofa
perfor"'ance-b.",d l>mgtOm.

f;suf< 13.3 Tht: tyJ>i<al i>a<k extffi"" de.i<... w,1I ''''I'''''-'
geo<.nlly twice the m"",", lu.>ding 01 the bird dog .i"""
boot. "ght and "'" ,idesO( ,he lumb", and die thorae" """-,,,"
"'" Me aeti,·aIed. The<e m,,. b< ",-"e"at}' In< ""'"'" "'1"-'>
0( pe.-formaoce tra,nh,&- oot tf>ey are iU"cIv,sed for ""'"
patien" bee,,,,,, 0( the 'P''''' com!"e",inrl and motinrl,

Fi~ J3.4 for bod pltient< who havecumpromi"'<! hip
fk",ion, kM'e<ing the weight ><>meti""., c..""" ,he ",",i,
to ""ate ..w"}" from the b.>d 'c"" Thi••1", can oceur if
the wcigh' i, lowe<c'<! OX> 1M, Th.. ere..'", .. nonfunc1inrlal
motor JldItm,. FUlther. tii.. produr:« ",-"matmgenod"ion,
lor the di«! One legged.<t>ndiog ><Jua" dre fa, <-uperinr
i" "'''''Y """",..ble "P<C'!
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Safely Progressing Back Exercises
The eu,l-ul'"> side bri,I!:"" .ml h,,,1 '\(>gs pic,u...,.1 in eh'pler 12 cm he "",de more d ..lIenging
.n<l >'" ,tilt i,,,,o,]>,,,,,. ,h...f.'Y fen",o, n<>ted. Aft,"T cx]>l.ining the"" .<I,..n",,<1 fo,m. of ,he
t>;g three "'etCi"", 1I<'ill pr"<:SO'" >t, .ddi,.,,,.! ><!,..ne"<tl hack =rtil<.

ADVANCED BACK EXERCISES

Once troe patienl roas ma~C't"ed lhe advar>ccd (uri_up, side bri~, and bird dog desoiM in
1'hdpll'f i2, in~ruction to try lhe /allowing may be appmp'iate,

. , ....-
BIRD DOG, HIGHEST LEVEL
The rn,d dog i, ".,.".., demanding when the I""ienl consciously ~retches the hand out foo,.,·",d
and the fOOl oul behind-aillhe while ensuring INI """" moIion lparticula~ybending) <loes
001 take plate. If l"-'fiorn>Jncc oOjl'Clive:s are d.'siral"e and if the IXltH..'Ill hds """:<aUvtJatron 01
symplOffiS. ,m.,11 w,i~ and ankle weigh1S may be ailowed. PI~rioa'" added a, the h"nd
and hJI "d,aw' """",ing "1""r",. These p1yr.<n<.~[io begin In the ....rtlng "",ilion (a), lhen
include moving th<.' roand ~nd the fOOl down away from the Ixxty fbi. and Ih<.'n n'l()\-Ing lhe
h"nd and fOOl downward (c). JtJSI a, the h,'nd and tOOl are hrought lowa,d the hr>dy midline

CURL-Up, HIGHEST LEVEL
i. ~[a(e the alxlomen I,f 1lt'«>S""ry. "",iew Ihc in~ructi"",

On pa8'! 176).

2. Cud up .gain~ lile brace. 001 do 001 curl up any higlle<
troan m 0I1x..- fonns 01 lile e'e'cise.

3. M"(l(m deer breathing while in troe .",," curl-up ll<l5ition
and while maimainingl>rnclng. R<...-nain in lroe up p<l'itioo 4

lo"!l e"""l;h to lake" k'W de<.,!, brt'all>s. lh" 11''''1'1 01 curl- , --::-__,
up will be ch"llenging ior troe t<:>ughesl ~Fllir.eba(Ke<!

4. The abdommal wall is cUl'd ior brad"!l and Sliffening (a),

Plyome'd(S may th('n be ad<k'll in the "de;,d Illig" pOSitioo
(bi "ilh 'hot!.range bul rapid hip and d.,..,lder ilexion
[nsure IMla11 rrocion oceu" in lroe hip and ,boulder joim.. b
001 in the brJCl'd Sl*.e (C!.

The >ide bridge can be more (roallenging by incorporating lhe roi I
"""'ribed in chaple< 12 Ipa8" 2261. logetlle< wilh dynamically <
con1,acnng Jnd relJ,ing lroe abdorni",,1 ","" while
su~aining posilion.

The palien! (l( athlete can tllen begin at>domi-
....'1 W()fk in J "Jnrling fl'-'M'''''. A family of <=..-.
(is<"; thai "'-"Y cleverly trains the enlire .,ntC't"i(l(
chain compri"-'S the overhead cabie pulls. ~I<!fe

lhe rrocion is iocused Jboul the h,f>'. as Ih(ve is
n" Sjli roe moti"" (s<:e pllo:Jl",1.

O>«hmd cable pulls are ctJiliidered alhlt'tic
pmgrL'Ss4ons iur aWo-ninal e'CfC'SC (~), Howe......-,
they .".., ""Ne th.,,, simply abdomin,,1 exe<cises
as lhey enhance >lilf""", >lrenglh, and cootrol oi
the cntrre am('fior ch~in, Noll' lh<ot all rrolion is
.,bout rhe hil" (b).

SlOE BRIDGE, HIGHEST LEVEL,
AND OVERHEAD CABLE PULLS
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Mi, the tOl'S<' is COrlS(iously braced, .1nd a hall i,tic ~.r~nge extt""'" mm,aui"" occu,", .1t
I"" 'houlder and hip Ie), Once again 00 mol",n mU>l OCCUI in lhe 'Pi ne.

EDUCATING ALL RACK EXTENSOR MUSCLE MOTOR UNITS

When search,ng k>r w~ys to o«~,n maximum m)'UClectn' .oivity from ''''' bad: t",ren>Qf
m<,l\<;~. we di~,wered tll.1t isom<.~,ic bad, extensol exercise> do 1101 recruit the full tlOOloI
10010.. units. Many"""" molar units fil>' with someextl.'fllOl' molion. '" a """It of thi, disccM'''y,
,h,s back exW.......- exen:>sc, which oo,lds SIi"n&th and cnd"'ante and helps tu Il)'pert"",hy the
mUI(;~.was developed. It is u>ed hy~ oi the SllOngesl athletes in the wl)(ld to "e<!uc.,te"
''''' moll)( unit' in the back JnU>Culature 10 fully recruit and T"".

Wh,le the athll1e is lying pron<' 011 a be,nth w,th lhe lorSO supporTed on a movable stiff
IIJd. I~ace weight in one hand. The edge of ,h<~ IIJd is rJacerl under the mid rib cage, The
cantiI~ portioo of troe sp;ne is >i ightly l1exed and then ""tended, combined with """'"'
,light twi!!: b.lck tu neullal (a). The objl'd i. n(JItu aOllillly twist bulto foc'" JC!,vation on one
side of Troe exter'tSOlr-tu uSC n\l.'fltJI image<y IchJfll'" 10)10 ~"iSl in "c1ivating lroe maximum
nlJll1bef of available molor unit,. The Sp;"" ".,...1 extends p.1S1 neutral, Afler a ><'I, place lroe
""ighl in ,he athlete'. ucht'f II.1nd and 11.1"" Ihe aThlme """,at the exercise, 1herl move ,he
fl<1d dowrlward (pemaps ~00u1 the b-el of the "'",'e1) '" til,,, ~ grc~I(''f porlion uf the MSO i'
c~nlil~ (bi. H""" lhe Jlhlete I"l""1 the >CIS. Mo>" the p.1d farther down troe athlele'S
00dy (Jl'-'fhap> to aboul.the pcl,i,), leaving lm<eof The ""'" can1ile'lM'd, and have IIIe alhlete
lepeat the emire f:"l>Cl'" (C/, The >11."1' c~ of the Po-"I is be<tcr fur in~,&ing ,he edge and
focwng 00 t"" corresponding specific ~'ioo of m<,l\<;le.
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SQUAT WITH OVERHEAD RESISTANCE
Moving to a 't,,,>ding JIO'Iu,e the progf""ion cOOlin"'" with.
WOOdl'fful e~ercisc tilJl c""IIer>gt~ the wd and hip e'ten~

meo;lI.lni,m. The ,;quat wilh o"",,head, >ell-generated h.,nd re>i>.
tance groo..... a ,;quat Il"ttern, with ""'Y robusl re<:,uilmenl 01
00d< and ,houlrlc< mClSCulature lor 'I<.r"lity and "iffot"'.

The >quat wilh ove'head ""i,lanc" requi'es one h.,nd to
p<lSh into the 0Ir.er causing cont'acIion throughout the emi,e
UPI'"'f ooc~, ,houloc"" and chest (a). 'lhe "l""t unlil!"; the hip
hinge wilh the hip> t,"C~ing aloo8 a 4S' p.:Ith {no >Pine nlQlionl
(bl. "<>r>e-Iegged "good morning" ,'I'fSion 01 this ""en:ise can tie
included lor those inl<'fl'Sled in more hamstring challenge. lhe

hands alter""t" l"-''fween the 'ight in 'r<:>nt and the le~ in 'lCd. a I."'''~

BACK EXTENSOR EXERCISE WITH A GYM BALL OR TABLE
Anotr.er va,i.1lion 01 ,he ""en:i>e tor educating all llJd ",tensor mu><.:le rnoto<' units is 10
periofm lhe ex",,,,ion ,rohon 0..... a gym ball whe<e the ieela.., >erured fa) and lhe 0011 is
""",,-'(I progr",,,,,,,ly IO"""U the pel"i, with each SCI (bl Out once again, O()(e that a <,hal""'f
edge is het1er tll.Jn the I~,II (Of t'aining mOIOf unil>. For Ihi, ",alOO, "tJI~e may he COI'l5idered
where the lorso is PfOS,,,,sively moved fartr.er 0'''' the edge with each repclilion (c, dl .

,

• •• • , • • ,

Anothe, ,..riotion of ,he I>:Id c.t<n<o.- <Xc,ei", ,..i,h • lOTI' b"l1 "-....uift.. the h.mh '" hc
,"",ured M .,Id ,he legs 10 hc ,"""tib..red hchioJ (h) in ,Ilt '""ers<' ""cn,ion" (Figul"< I3.S)
Thi, i,.o i1l·0<I,'i...,( exercise fur m.ny peerle in ,h.t rosterio< <he" ~)""'.,.. ,\e"elope,1 in
the <lisc >od in'e,,!""""" lig.meot. \\'hile ;ome gr'''' >thlete> tn.in ,..ith ,hi, a<'mS< .0J h.."
SUCrelS, n,.,,)' ",'ill "",..I",, b.d ,roubles because ofi,.

••••

•
• •
Figu.. 13.5 R""""", hip e<t"""ion. c."", .he., .rod p.lin in m.lny p<'Ol'ie.
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Occupational and Athletic Work Hardening~__
een,," ~urler> .nd ..hlet<." enm,,"ter tk",,"<k ,h.. "-'tjuire ,...ini"g ,h.. we ,,'ould nc',,"'
rerolmnc"d '0 I""ie"" unles, .OOu,d;, necess'I)', 1\"1'0"" ron,idenng going beyond the
exen:.';"" des<ribe,l pr",;oysl;, sho"I,1 b" full;, .",ore of ,II< increa,.,,1 ri,h nf hack injut')' th..
thnc crm'i«:s will 1"''''' Tbc..... crIT"...., u"",d " worken ....- <J<:'<:>Jf'lItiUT",j ..hle'c.. ,huuld be
"",ri<ted to th.. group bc<..u,", ,h"}' pre<entol",,,1 of ris!:' th" is un"",-""pt.hle f....- '"I' bu,,~
~'ho "" ~'ilJing '0 ,,,,,me il foe ,he ".e of "h~,icor ~mk perfon".""".

On<." 'lI'in. d,oo,ing the 'l~,,,-,\m",,<'h.llen!!" Im-ul,'<> • blend ofchmc..1.n ",d icn,:<.
Too linle load ,,'ill 1\01 produce ,he ,...ini"g .d'llI.lioo•• tld tOO much "ill br..k ,;" do~'n.

Li"en '0 ,he ho.!I'••nd g;,'e "I"'l"><. res<

Low Back Exercises for High-Performance Worke~
or Athletes

In gen"",I, ~"" '..ge 'Nining ofhigh·perf"",uoce ""rb:rs .nd ><hl",.. wi,h ,he ..me "cps "",d
In our reh.hili,,';on '1'1"""".h. excep' ,h" two n..,.-. "eps.re ><k~<L We heg'" in st:Ige I 1,\,
Idcntll}ing the .."'nn.1 ,,""'''''' .nd g"",,'ing 'l~,rul'natemotion ",d moW, p,"ern'. S"W
!;, dir=ed ,,,,,,.,,1 .muring join, ",d ,,'h.,le-boJ)' sumli,ing pone"", S"g< 3 is to d",,,lop
m"",re emlur.nce 'l'O"nd the,., po"ern" St.g. ~ is ,lireac"lw enh.ncing r""gth, And. fin. Ill'.
"'g< 5 i, to ....bhsh I",,,,,r. Unfortun.telr. too mml' =qll,,,,,,,I.thl<~c re tr.inc-d. 0'- gi,'m.
",h,hilimioo, progr,,,, l>.tse<l on """'gth ,nd lJO"'er. ,,'ithou,.n .d"'lu". found"i,"\ ofmhilit­
ing mo(ion .n,1 molOr p.trem.. Thq' end up with hxk prohl""" .nd.", ",fer.-e,l,o '"

In thi. ".-'<.~~'" ,,'e ~ill hrieAI' ">mid« eX'"ITi",. th.. m'r be IM:lpful to ei,n..-r ~",ke", ~i,h

<kn",nJillll' jul" .......Metc<. 11Ic ""lni"''''e''ts of ,he "'th'ili...'" ..ll tJIe-es,i<e f..... ,bo.. who
h,,'e ,d"'I""e1}' I"ep, ....l br m'<lering .11 of ,he exerei ... prC\'irlO,Jr di",,,,>ed in ,he l<,t. Spc­
rifi.... llr. ,hese ind"idu,b ,hould h.." m,,,.re<! ,pinc ",,,,0<,,, ,~'...nc"" .nd b••1>]. to """I"""
I"", b.d ",hiliting p,moms !rut m'j' n..,d """" "',,", to 'u"'<s,fullj' 1",,,'0 'htoul(h ,he "'nK'-'''
of1I>00ioo 'i>ecifio 1o ,hei. ",k, In ,,]dilion. ,hey m.y nc-cd n""", ...",ngth .nd .nd"",~,

Qualifying the Worker or Athlete
Th. chnicol decision, in,'oked in ".ging , ,,'or.e. or "hl<:l. ,hrough ,II< lJI'Ol!I"""ion of ch,l~
Ieng<' i,.n on th......n he ,,';,te<! ,,'i,h "'.n,ifie d,u. Tho,., who >eo looking for ...t recipe.
I.<,,,,,,,,r. ~ill f..1"c",.tinll' ,,,,-,,,,,,fu11""ll".. n for.n ind,,'idu.1. Gcne'-'Ur we blend ,be
"",ker' or ..hl«e·' ""r.-"", .«,,·i......u, ,nd hi"".)' of iniu')' ,,'i,h '''If o~'ll '"o,dedge of
,pine ti..""e 10.><1, ,h>! ,,",ult from ,·,ri<:nl' Xli,'i,i,., ,nd oyr knu~'I",lge<>f inju'l' m,,,h,,,i,,,,,, to
qu,lify.n ind,,;do.1 for • SJl<cific ."'rei"" l"oW""""'. \ \'e ,h"" PO' on' edo,.. 'cd gue"" to ,h.
'0' .nd mo"i,or pa,ien' progress to en,ure the ""in,en.. ,,,,, of • IlUSi,i,'e ,lope of i,"p"""""''''''
in .pnp«>n" .n,1 function

lumb<;r Stability With Elevated Simu/limeous Physiologicdl Wt....k RdleS

While .ome in,li,'illu,1,; c.n m.inl.;n Sj'ine ".hih,y on' ,II .IOn. of >C\i,ities, incillding lbooe.
,hot require tIM: ".I>ili,,"ll' ",,,,,,,,Iat,,'" t<J 'I>i" wi,h php~,IogK..1ch.llenge. ,uch .. eb·".,1
breathing. others ca'''>01 (,\k(;i1l, Sh......,m.•nd Seguin. 1995). We h.,'e nol<-J • rooJllll'UlJlise
in ,he .hili1r 10 ".bili,,, n..,.-" oft.n i>"'tini"'y (,\k(;ill '" .1 .. 1003). ,Ilhoogh "e h"" .1""
.1.,,,,,,,,,1 ,h.. "",npmrni", in "virgin h.ch." In'ere>,inglr. ul1 ,thkte, '0",1 '0 he 1"""'" in thelT
.biht}' tu """on,,",-" th••bOOnlln.1 ",u",l.. toe,,"'," ",m".Ht ".bility during high "-u,k rote<

.nd hig/llf' ch,lIonge<1 h'e>,hing ,h." ,h.i. shoo-,er 0)""'",1""''' Tlli, perceptioo 'l'P",rs '0
he '1l1'!"",,,,1 ~"he ""'" r=l ",id"""" """"ing th" ..II", worl.:e.. h,,'e • grea'''' ~keli"""'l
of 1I,,'ing penurbc<lnl<lIor l"ttems whil. bn...,hmg he.-ilj' .nd holding "pin. I",d, (,',1e-(;ill
ct.I.,200),

C""";,lerthe ~',,,-,hou,,,,,'orhr. firefighter. or fo<l(holl php"wl.<, mu<l """k ... bigh phpi_
oIogical "te ,II.. '",lilt< in tk",1' .nd .b..,,,d lung ,'entil.boo. 11Ic in,bili,}' to ",.in"", eX,,"Un'
co.."",,,,,,,ion in ,1M: .hJo",in.1 " ..n(i,e.. ,he ","scles tend '0 tel.. during deep inl"l.lion) i,."
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indiC'",,,. of ""'"I>ro<"i>eJ ,pine ",bili,;', 1",,,icul,,l)' ~'h<" he,,}' a,e,.,,.IIOllds 'hot ,km.nd
, "oIde ",i"" ore req"ired. These indi'id",I, m"" <Ie"elop ",hijj,ing molor I"'''em, ,hot will
'nn,feT ,,, .11 ",tn'i,;,,,. F.nh.r dmm on thi, I"'l!" p>u will find ,n ex",..';", we h,w <I<."..i,,-,( '0
''''in th.... llCOI'le in n,.in.. i"in~ .Wooni,,.llJN<.i,,g ~'hik breotlling """il~'.

Torsional Capabilily
Some .",ili,i", ,ll,. .. hl<.~~ nr work." m"" perform req"ire ",'j"ing on,1 ,he creo,;",n "f
",1"..n,;,1 "'No",] ntom<n". The d,rkr"",:" lJL~we<n 'he m""h..,ic, inl'Ol""d in 'W"'JIll(' .nd
'he gener"io" of ","";on.l "l(IIn.,,,, ,,'" discussed in ch'l"er 5, '1'1<. q"""ion i., "110'" c,,, "'e
m"'imi", ".hility .nd minimi", 'he ri.k of injury <l'''ing 'nining for 'nlll" ,or>ion" Ilec>usc.
.. p...""""l}' ",,,,,1, ll"nen'mg ,,,rque .I~"" ,he 'w,,' oxi, impo,e, 'I'ImJXlIllotely fmu ti"""
,he mmpressioo Oft ,he ",ine .. ,n "q",1 ,orq"" ,ho." 'he n",ion-""e1\>;'1ll ..i<, i' i' "",,',st '0
t~,in fur 'o<sion gen....tiw unlil the bod i, quite he,I,h}'.

SPINE STABILITY EXERCISES FOR WORKERS AND ATHLETES

Although these eXI-'I"Ciseo; have tteen designed to m",imize Inillf)' ri'k, j-<tU mu" 00 eareiullo
f"C>crlbc lhem only to 11x:>sc who Gin olrc~dy Silk'll' p<-riurm the Jd>"nc,x1b"l. of the "!>ill'
three" exercises IlteSe11ted in d,,'jlter 12

ESTABLISHING SPINE STABILITY WHEN BREATHING IS ELEVATED
Some athlCleS "00 work.... (01)' ri,k ,pine 5Iability when ,hey arc brc'lthing he""ily. To tr,lin
,,;multaf1C'OU5 floluem' 10 en",,,, "abihty d<Jl'in8 breathing hea,'ily, we have develope<llhe
following .popr....Ch.

1, Ride an ext..-cl", !)Ike al an ;nl"n'l1y lo"lev.tc "'ntila1""',

2 Then invnerli,l1ely di>m-.>unt and ".-lop! the 'ide-Itridge flO."""... on the tlOCto'.

In lhls po5itioo lhe ",t/:>ilizing nv;cuIJt<Jre m"" rt"ll\J.in i"""",ncally COOtracted; OIhe<wisc,
lhe bridge pos!u,e i' lost. 11e.."Y ''''ntila,ion i. also required, h<w,'""er, aClit>g 10 groo.'e the
motor paltern' thaI cOOl'di""le diaphragm c"",,,,el;on and other lhoracic musci<'< Involved In

effici,"Il1lung function. The curl-upand bird dog IJ05Iute5 are ,,15<> U5e1t aftl~ vil;')'OUS 5I,lliO"ary
llikit>g 10 groove 5lo1b1e piitleming in all oi lhe "'pporting mLJ5Cles. In Ihi' way we establi.h
'Pine 'l<I!>illza1ion flolnerns in work'" aoo athl<'1l'5 ahkc,

TRAINING FOR TORSIONAL CAPACITY
The lechnique we have Iound for proou<:ing low spine Ioo1ds while ch.,lIenging lhe tors""",1
rr<lI1ll'nl g<'ltI-'I'attlf< i' to 'ai'" a handheld I'o'I'ight while .upporting the upp<'f Ix>dy wilh the other
arm ond olxlomi""lly !>racing (5(11 .. and bllo '-''5i''- lhe to'W""llorqul' whh an ''''"''-'Irically
c,,",<acted a",1 neutr;ll Sj~"" Dyn.>mic dl"llenged twi\.ling I,~edh- the rtI05I r<b.t5I 0/
athlete<. We VI-OUld "'''''''
recommend tr"inin& on
rhe lorsi"n;ll machine. ~

("'Ch .. tOOse where lhe
alhlt1e i' ""al,>d w'lh lhe
1'"lvisbehed oo..'n and !tw:,
upper IlOdy twi", againsl
r"";'ta",e) unles' """,ilie
ill h letic p<""..rrr""l(CS~
Ihe Ifaining oojective, and
lhen lhe individual nltiSl
be ma(le aW;lre of 1he
el''''-,lted risk ()( porsulng
Ih" approach.
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Some ,"'}' lIWlul and t'an,k><iIb., rrolion p.lm·,r>s "'" producro with the va,ious Ulille
t'XCfCiSl'S (e,g,. nigh pulls, low pulls. and "d'Jpping" e><crcises', whk~ pouo:luce nigh lI::rional dial·
lenges.. BecauIe nllne l'-'llbar(~~lro<k.w..ocial«J w~n Il'eelOfSionJllOfqued>:llk.ooges,
"" suggcsl disdrJ;,.., in bradr>g I"'" torso in a ,""",!fai posrure. It """Id also be wise 10 CIJflSid<.~ the
lransmiSloible VlXlUf (tne P"'IJCfldkulJr diSlancc 1JO-'lWC<.'t'l tt.: c~blc iur<;e and the lu"*,,,, spincl
when choosing the te<;hniquE to cOl1lrolthe torsiooaltorque and f($Ullant spine load. 0.1tJ 00

5pine loads du,ing a variely of cable exm:iSl'S a'e coola;r>l'd in McGill 12(06).

SPECIAL SUCGESTION FOR THOSE WHOSE BACK IS WORSE
WITH SlrrlNG AND THEN HAVE TROUBLE STANDING
To COOlil.ltlhe cumulati~ 'If""'" of siuing. we oil"" fCCOOlmend walking with a b.ldfl'ld
with lhe 1o.1d p1ilCl'illow in It.: pack.

1. Puningoo a backpack weigh;ng "boot 5 10 10 kg 111_22 Ibl

2, Then goong for a w,llk 0">"," rough ground lor an ho<" or lWO

Am,lzingly (to somel. ItlJfI)IlJ.ltient, 'epo,' Ih,,, IhiS works "'."llk...-s. The Iyf/i(al ~)IV.-;)rd

Ile,,~'il antalgic I"'>llKC ""luirl'5the back e,le"""" to I", acti~ (which imfX1SC5 a ""'-t,>nlial
load p<'flJlty on a t1e..>d spinel. The backfl'lck "05 a,,, counte,we'ght to e<tend the 'P,ne
~nd lmng the lorso uf!'ight, The b.'ck e~lc~ are no long<.'!' needt~1 to conll"d, efic<:lively
rC'r"OOVing lhei, contrihutioo 10 spine load. W""ing the IliIckpack 'educed spine io.1ding'

CABLE PULl·DOWNS fOR LUMBAR STABILIZATION
lali,,;mus dorsi i, an ",sential ml"de lor spine 5I.lbility, and for
enbancing el"stic IJC'rl'onnance, The "1""1 with the o':e,"",,,d band
IlUSh (1'-'8'" 235) is ,In e<cellent awmitd1 k.. st,ming lho: Sl"nding
110'1"'" Int"S'atiOl1 of Ihi, muscle. This i, enbanced with Ulhle

1"-'11'00"'" lSI.'" phoI"".
Two v~,iJ'ions la, b! 01 the calM pull·down exercise s/lolJld b<:

r<-flo,ml,d wilh lhe handlehJr lowered to the chest ,alher 1h.1n 10

lhe balk. Thi, enbances t"'" 'olc of "-"'(-'f,,1 'Pine e,tclI"'" and in
I'.:micular tr.e lilIlr.sifTXIS~i fm lumba, stitbill""ion, _

low Back Exercises Only for Athletes
SI,nifi< .,hlt~it, objt,-~i,·,., "-~u,,,, "P'-,-;fic '.-:lining 1t"~nXjues. A< 110<'.1 "dier, how<w', too

""nl' I'" ;"n", ,,,,I:. th. nli...l. of looking to .,hl..e< for ,.-:Ii" inil' .....-0"", ",>de, the mi~p--­
,ion ,hot the ",me 'I'Jlfnach ,,·il! help thei, own 1>.><1.,•. Thi. critic.II)' import:ml notion nlll't I..
emph'''<lJ '!I1in: A,hltlJe .X<ni"" arc not lor enh,ncing h.el: he,lth in p,';,nl<. In .<kIilion,

'00 """'f "hie",. u'"' bodybuilJi"g p,;,lcil~" fur builJing ,,,.... T ..... "'"" "0' be "mub,ed
I~' I"'i.nts. Th. (olh.'ing ...",i.....mples .'" '.sen·",1 fo, .,hl",,,, ooly.

Trainins-Sp<.'Cifk Athletic Maneuvers
The ...,iuu, .... ,,1: 'OfSion,IIl'ochi\k:S or ""i5l.J ,,,'iSli,,g ",oUo.l> Ofe f<sc...·cJ fO, ,.......·110
,,-.nt 10 exeel .. "cry '1"'<;.1 "oJ:....e~ "Olpnpic discus ,hrowing, {I "'"" ,M ,h>t <;Om. 'I'\ld<
.,h!t~(", ,,·ith whom I h.,-. h,-"n ""ICI>!,,<I dinie>Jly ,~, no' perform 'bl....,mo,.." 1",<..",", th"}'
....Kerb"e ,lid, h>cl: sj""l'wms.} OIh"",;.., .he lO,sion,1 mOm en, t"l"hili,ks Ofe lb·dOI..J
,,'ith the 'fline in. n.",,,,1 posi,ion, ,,'ilh. f"lIy br.oce<l t.,..,.-, m""",I"uf<. ho, ,,'ith, 'orsion.1
""""en' eh.II'-'1lg•. Th. n""If.ljx"i,ion;'; the ""''It ,oh.,., pr.,n,,-. to ,,;th"ooJ ,he ele>..,,,,l
'1>i lie Io,d'i i, i••1so ,he '(H'" I",,'ure ,h., " 'roo'fer. hi. II>",h., '<lJ,·i ,it", ,nat f<4ui 'e nn';;':m.1
rn<)I"enlS ";th ,he I""" ,i,1: ofopine <I,m,ge.

Spri n,ing .n<1 ",he, I"....·er run nUlg enn", .""h .. ,I><"" p<nonned hy h"b.ll rJ 'yet'S "'oul,1
be ,M"",,,.,J h~'e. '[Up-end 'l,,-,-xl fur " ..'" ",rinte'" i, usu.lly li",iltxl hy the """yeryof ,he leg
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i" A~xion (hip Aexionl. "'" • I.ck of hip CXle",kln 1"""<1'. 'ThUs. " .. n~' ,,,,in ,he ""'" oocordin!!
'0 ,he ro"'" ph;losophy-.n,lend up ",;,h. b"d h><k. II i, cri,ie.1 for ,h"", .thler", '0 m.in_
tom 'l'in. ,,,,h,hty "nil he ",n",iou, of ,he 1".aee.1 ",d ""uI",1 "pin. durin!! ril!''''.'' hip AC.<>e
I",illing "'4u;red fur sprinling e".nts.

All !(l<\,of...rci"" .nd """,i,,1 "'IU;l"""nt h",·. heen de"e~....1for fl"'rfonn,1>CC I",inin!!. Bul
,'ery f.w I"',f<..-m,noo ,pl'""ch,,> h"" heen d<,clU""nt",1 u"h ""b,tonu,1 ",;'n"fi. f<",nd"rion
to "" ..... "1 disru",o" in" bool: ,,,,,h", Ihis. Ilo"",'e,. "ne ~'fq>t:i<", i, Ih.1:Jtx>I: SMf><'1rI'rni.X
1:>,' I)" Mel Silr, u'he...n ;mfl'<"oive numhe, of "udie> h"'e been ,~'nlhesi,ed .ncl ..,ieu'ed.
For ...mple, D" Siff m,k«, co", fur ,miding the ,b..,k,p",.nt of ,,,,""m, Ih.. 're gui,Ie,1
predun\lrl.ilnllJ' try. ", ...-hines. .nd in"ad .m",.-:l.'" ,',ble.< ."d free we>ghts. os ",ell., w,looded
,peed ,,,,ining, ui,h d."-1>.,,,d argumen" Funhe" ",bs",n,i"cd p<inciplco of f"neti"",1
",",om)'. ph}~(~<:>g)-.hiomeeh,nic" ,nd moIo.- '"",",' ,,,,,h " focilitarion ore u",1 \0 )u,rif)' ,he
.pprooch", ,h'u"'ented in s,,/'ff'Taini"J!. ~,,,,,h,,,,,. " ...ngth. I"""t')'. "I."d.•nd ",u,de .ndu,­
.nce. Th"", pe<100""""" obje<u<,<,> c.nno< ",i" u'ilhou, <he ""'"d"i"" of ",bili,y. mobilit~,.

",d Ihe "Idilion.! principlo> I h"'e docun..,n,.,1 in ,hi, 0001:. Wb;le ,hen:" no 'I""stion thot
,he"" prir,,:il'le; ",d e>:en',<t'> .re ••,-,.II.n' for- perforll""'-". ther. is, hil!h ''''uhn' "","e .,.d.
Som. h.d, ,lmpJ~' uilillOl lokra,e .o",e of these higher--de",,"d e.erei.>c:l--hut llOI C\'el)0n.
an tol."'te ,he ,i!!on of"",ining '0 h" • ch.",pion. reW'nUe.. of ,he ,oundn... "f ,h. scien,ific
""hni4"'" Th. exere,'" rori.,Km. OIT endl nd OIT ou",id. "f the .cop. of ,h.. be..k.

Fi".II)'. u'i,h "-"'peet '0 d",il!',ing u·un-"" lhe "bi!! ,hree" c." be l"',f"""cJ " the begin-
ning of the """""It '0 help !!"""'e ""I est.l~i.h ,he ".hle ,"""". I""ern, for ,he ""t of the
tr.i"mll' ""'lOn, So",e t"in." abo Lh (0 fini'" the ....ion ,,'i,h ,hese <lIe,,-·i..... if t1"-T de';",

to tok. the ~.. ttion, to f"igue.

Trilining tv SqUilt ilnd Power Cleiln

Squ>t> .nd 1~""<1'd ••l" .re good CJ!erel", ~" ,h'dopi,,!! 1"""<' ro. "hl",ie' IlCrfun".,K:'<:. Lu'
h,,'.li"';"''''n.. '\"n~'lOJ'.,hle'e<.re ,efe'"",] to os u ho h,,·. enonno"...gi'tol pl."" strength,
let ..h<,,,, ll""''' u,••kn... in non..gi".1 ",reng<h. Th<.1'!u"c o>"',-""'ph..i,,,,1 ,he "Olpnpic lift>"
fO, I"""" wi,hout ,raining 1""".' for I".rol n""';"". ,urrn, ",d '" OI'. Furthermore, ,hese lift>
.re c",,,i"g. too: of d.m.l«XI hoc••. ,\I.n)' Jow'ge. "hlet.. do not h"'e ,he h'p .",,,,\Un: '0
hegin ,he pLl11 wi,h the "'-""""'ry hip llen"n ,<qui,«1 '" 11.0,,,,. ""uml >pinc" thc hcoginning
of the pull. Seri"u, "1"'" trun;nll' fO, u, .Iu'.}" indud<.. <J(,.-kggoo >qu"" the bowler'. "'-1"".
.>!iff-Iegged ,led dr.gs.• .-.1 hip .i.p!:>.n..... togethe' u'i,h n"n~' nlOl'<, T"i, i•• "CJ}' i,,,ol,'oo
topic, .nd tho inte,..,<,1 ",..Ie, i, ,Ii""".d to ,h. ,k~.il 1'",,;,1«1 in my UI/im.1/f &t Pi",,,,
a."J P<ifornm.., (!(06).

1ne insttll<'tion, from ou, IlC"l'«,i'·e.rt' "et)' .i",ple: If. pe,foct st.rting posi,ion <an"", be
01". i""l. then O\he< mc.", • re needed .\lan}· ll""'" .,hle'" <a nnot do .heoe lifts. 1\'c\"" ,"";f"",
rom> ro, lifting mO'" ,,'eigh,. y"" ,ftt')' ,-.:a, r gn'. thi••J"c. to ,'O""ll' "hlctt>. .nd ,,,,, ,ft.r
rcar 0 sub"on,i.lproponion u ill ruin ,heir bocks I~' not h«ding thi, ""'1'1. guidelille. M Ih.
old ..~;ng ll'_ "It', ,m,zing how much p:",r p.ren~, 1••m"l" po" ll"""" olde'"

\'err kw I"-'Oplc III N,,,,h .."-me";<a con pe,fo,,,, "lU'" ond po"", deo'" u..,11 ond "ith • low
rio\; <Jf illju!)', The Eo".", Eurol'..t" .... ,cdIni<alln",e". ",d the ,ech"i4ue i, wdl "",.red
in my high_perforn.."." 00<>. (.\ kGili. 10M). It i. in,c,... ing to _ the ernl-.l..,., p1oc",1 on
gru<",nll' the ">rTe,,-' ''''''"'" 0",1 "'0'0' pollem. k)()1l' h.f<".••nbs"n,i.1 wcight i, ."eml'wd.
".",n" Eastern Eu""...n .thh.. 'llClId j'e". d",'CI""ing lhe fur", try' Iifti,,!! bl>X>t,,,,,kks. On!}'
u'heu ,he (om> i. flCMeet i, "<eng<h ,ncr....,I."'l u'eight .J.Ie,1 '0 the bor, ('..n.rollr, p'",,,;"!!
,he n.u,,,llwnl.,, 'I'in< "ill "~l" m",y "f the ..f"')' i""uc>, I.., ,h" ,le1"'M' ,m ,he .I.illty "'
,~k. ,he ,boulder< ,nd hip, ttl ..trer"", in the "'''j(e of mmion.

Some h..·• r""n,llh'l pl."mg ,he weight ho, on hkxks '0 rai", the "."ing height improve<
,he util"l' of ,hi, ..crei.e for ..hi".., othe.- th", ">mperi,ivc ",eighthft.", Tbi" u~y' lift",.-.n
."'-oo-nl~i>h. f.", lift ..-ithou' thel'TJ>Cr hoc.Io:Kl" "".,I.l<d w',th <he IlIi,i.1 <-n.>llfhe-d I",,"un:
needed '0 1"'11 (rom ,ii<' floor, In thi, 1"""" ","erci.. SJlCCd i, i",ro"""" portkip.n!>.re "h'i",d
In "",,;n ,lou' 'n be .k,,,'. min f." '0 b. nst" Fo, ,h"", intc«"",1 in ,he>< e",rci""•. the actu.1
weight lcin.",,,i<~ for ,he full J>O""" eie-.n ",.I th.roord",..ion of,helc)(tI1u..les. ,orso11lu,,-'ks.
•nd those in,uh'OO in the ,houl,k, pull <a" he fO<Jncl e1 ..u here,
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POWER FOR ATHLETES WHO ARE NOT WEIGHTLIFTERS

fI:),.,,,, ,lthletes "'ho are no! weightliliCf, are gi~n power e~e«;i>es",ith thing, like medicine
ball' (a· C). cables. and even 1100.. caliS/henics "'iog only body "'eight. We "'" the COOC"fll
of t.lHk' 1",,<15 wbSl.nli.t1y as well. Kt~e lhe 10,'1(1 ii mad<, I.blle via lhe pI<>cement ofd.S/ie
hand> lhat eilhe< ffi>y be ancho<ed to lhe tl.-.o1" or h""", dlJllll>bell, ~inging f'OOllhem. Thi,
p<omoIes 'kill to controllhe ba.., S/l'l'< lhe iorce through the link.ge, aOO eOff~'C1ll'O'VC1'Tl1'nl

~~"o<S, ull'maldy leading 10 enl""ll"l>d p.,riorm.lnce IMeGill, 2()()(,1. A 'SIL'(~ing' 01 "<englh
CJ(C'N;i>e i, ,hown "'ilh the k.e<tlebell dean "'here ,1 mi>lake CllJ!>e5 the bellI<> ,lip ,,,-.:I 'OI,'te
arouOO in the hand (d, e, ()

•

• •
~

I

p,-"m,rm,,,,,. ""<1"<i«: i' so ,nul:h mor" ,fl,,, hf,i"g "'"ighlS. In ,n,,,)',..,.,, the ""y ,h,. ,,..ining
progron<.' ore ''''Il'''ni...1.'<1,"" del';m.nt, '0 perionn,nce. For .",mpl•. <>tl. high_perfo..mmce
"hk~. <...... fn" 0 ron,,,]t ""n'bing wh)', ,ftcr , ... ining ,he "<"'" ,,'i,h. bar on hi. hack, he
~'" ,hi. to ,qu" 1lI0r,. lo.d w, hi' ".....i,..1 jun'p-,,'hid, h>oJ I",,,,, hi' uril(in.1 oLj«...k. (or
t...ining-l1>oJ decrcooecl. I hoJ to .ho,,' him lh.. he h.d ,..,ine<! himself 10 he dowl O ..rly hi,
(~)t'-'Cri"."-,w.'" not m".h«1 '" 'hc tn.ining '1'1'"".h.

If 'he oo;cru,-e i' speed. do "'" endu ... "..., tr,i" or <roi" ,Jo"I)·. Spe"tI OOme' f"lIt' "ydi"
!:ralliSli. eonll"OoCtioo ,nJ rel.."ion. Thu, m,ny .,hl",,,, n"",1 l(' <roin .peed of ..eI..,,;on 'non:
,h.n ,ped "fu>n,...ction. Perf",m.""" ""h.""emen" UNne fmm ...dine....en' of the h.I.""e
ofqUlllitb. A ,trong mdi,-;tlml "ho 1,,1, b.I,,,,,,, ."d foil. ""IT when J><m>nninl( >onc-k-ggcd
squ>! m,j' be fi". in • "-eigh, ..oom ""1 • ,Ii",,,.. on the fooll.. ll field, Su-englh. sreed, ,nd 1"""0'
.11 demond ,h. found.tio" of .p.,..opri... ""..i"" .ntln""'(>t p.ucrm, bal"""., .n,1 region.1
r'"gn of motim, ",,,h,,, the th ..ee-tli",.",;"".l ,-",,,,ext,,( "hl.uc motion. 'II-.in;ng 'u .<hl<~'n

optim,l perfonmllct iSlh.topic uf my bool: VIII_It &W: Fit~m ~wJ l"1'-~w«, "hich ron",
• comp.:lnioo texl to thi, on. f,.. ,he ...oJ .'1"'''.
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Looking Forward
ReI,.h;li"'",n omk,,,,,n ". continuing to omhr."" 'ochniG"'" th.. <D,,,,,kr "o';n", of '(01)
su IJili,y ,,><I ,".rio:", s ,'1)(" I"",ents inHJh;"g I"",,,n:. lllOIor I""emi ng. ,nJ 'PJ'fOI"; ottl'~

""'0 ch,lIonge. ,\ I."y groo[lS ron,;nuo to ,..,...1:

•

•

•

•

'0 "nJe"".nJ d", romrin.."ion, '0 ",hili'j' of ,'Ori"", rot"ponc,,,, of tho '''''')I''Y ..
r>n;ru!or join,,-ond ,he i,l.o,1 '''OJ'' '0 enh,,,,,,, ,heu- rontrin..,'ion,

'0 ""dt""•.,J ,,'hot ,,,>g.,it,,Jcs ,.,J p,mem,of"'u,de .cti,·"i"", ,rt: !'<'<J"i ...J ,oaclt;..""
",ffio.", ",hili,y ,,'hite 'p;tring ,h.c ~~n,,;

to identify the he", me,hod, to "",due''''' f.lulty mO"... mn,,,J 'pton" to 1x"h ,chlC,>'e
suffic;ettt , ..bOlit}, .nd ,cdu," the rislo of in,ppropriate ttlu"" p.llern> cU1.Lm"g in the
f"tu"", .."I
to dcwloj, mOto, pa'tern' fUr opbmal perform,nee ,n ..hlet"'.

C.<>Ilegi.1 effi"" herw,,"n scien,i", ,,,,I c1inici,n, mn';n"" '0 ,",wlop the ",icnti/ie h",d,·
tion to JUstify Ix.~ter low [Y,d inJUry prcwt1ti"" ",d ",h,b,li,.,i"" 'I~,too<h,... ,\lu"h "'m"n'
to be 000<,
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EPILOGUE

Now )"U h"...",~he,1"''''1''""i.-. to '""I~oy in t"'" effort> bl p""...vnt .nd ",h,l~ht"eh<d
h<d,.. I ""'''' 'h" fro'" """', on, ,d'm }V11 ,,,,J ,h.. L><! t..ck> just h'WCn, 0' th" thc')' c.nnot
bedi.gn"""d ,ol!"idc th....py, 0' ,h" ,he)' ,'e !Oldy ,he f"'>ction of p.p:hologic.1 (>ClOt'S o<,he
ooml"''''<O'~''' 'p'em, you ",ill p,u"" ."d re/\ect 'lut you >Ie re"ling 'he ",u,ings of indi,;,lu,l.
who hO',. ,.",h.,J the md of th.i, "'1"'ft.IS•.

1"01 ,n.. '''yon. 1,... 11 ,he w.w'."" \\1,1, each ",peri"'en, ,h" "'" fH'rfunn "'e "U)' o!'toin
...,me n'...· insigh', hu' gl'n'T:>lIr ""'re oonf"""",l w;,h m.nr more '1""";'''''' So, wi'h .>eh
CXfH'rin'm' ". b<'<.'OltK: rd..i,,,I)' n.,," ."... of "lut ". oon't know,

Conside' the "i ....,poOnt tkscribed in ,hi, "," .nd l>Ie'ld i' "i'h )'0"' 0"'" clinical w'i.oo",
.n,1 ''l'''''.'''''''' ·the "'rr he" dinici.n.' wi'h w'lIom I 11",. 11,,1 lh. ple"u,. of working h.d
womlerful dini,'>l 'kill' ."d in'ight> 00' m.d. u'" of....;en,i1ic founJ.tioo.

'10 ,h. clinici.ns-l w'i>lt ,h. roofode'lCe to ron'inuo ~'i,h "h., )'W 'no,,' ~<"...nd tho
in'ri",,;oll .n,lle"d."hi" (I> trl' """,' 'I'I',,-,'ches ",hen ,hi"g< prol>l.",.,;., Tn ,he ""d.""
ofdn;.:.1 di""]>li",,, .ml 'hose ,"ml.-ed in the mn'inning d "lopmen' of the ..;'ntifi. foun-
d,..ion----<herc .re "" ''''''l' mo,. erotil,g ex]",rin'.n", '" l"'rlUn" 0" ,he ",,"de,ful f.";n"ion
,h" " ••h>re, ,h. ~," r.-..c~..\ loy we .11 enjoy ,h. con,inuing ;o"me)'-
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LOW BACK DISORDERS
III W\I' iJlI.("k Vb'urJt'I~; J.:.'viJt'rKe-lXmt.J t'reVtmtiurl uwl RKhabifilnliult,
::if!~:umi l:.dit;uII, inlcmalionall:-· l\:cvguit,e(llow ba(;k spcciotibt Slua.rt
Jl.kGill Pll"liClIl~ uli~imLi r,'~;;-....n.:11 \0 lJLl<llllil~' Ull' [Ull":~ LhO:lL :;pl'lifil.:
llIlm,'lIIcllt~alid ".\I..:TCis..':S impose 011 the low lxu::k. di:ipds III:-'Ull> n:gan.liJ..Ig
~pilJ~ ~Labili:L ... liuli c..\.en:i~c:;, a.ml ~ll~~c~l:; pn'\'l'lIliw appruadlL':; and
~1l't1h;gks 10 olIsCI iUjlU'ks, lvduce pain, aIUII\:stvt'C fUllnion,

Til.' SCl·...I!\l L'djti...1l PI~Jll:; CILil<lll(;Cd algorltluu:; 10 ~ltilk !,lugL:SSh'e
l!Jcmp<.'utic (',\ClX'iSC' ~Iod specially lk'Sigolxl paliClil a:.Sl'~UJ;.;nl pro"ol:.lltion
l...-sls Lu belp ~OlL ocll'nlJilll' 11K: l:~1US,' ull>ad tn_.ublcs, guiJ..: )Uw' ellui,',.,;
ill lhe bl::sl wa)'s LO dimillal..:' probkWii, and u.uPI'O~c Ihe c.lc\'£'!opm('UL
of <tPlllupliatc J.l'Li"ili"s IlJl fUIIl:Liullal gaill. Wh..:n'a~ lh~ l'int ..:wliou
focused 011 il1cr.:;,'t~illllSpUl\: ~tabiliLy, the secollli Clliliull prOl'idl~ Ill~W

ill('ullllaLiulI Ull dcaliul/.- will. butlL Il',giullal inslabilily UI JIluLJilil,l' and
I\:giunal "tilIness present ill indil'idu::lls ""'00'(' mVSL of the UlvtiolJ occurs
al a siugk spilJal sCll-JI(~'Ill.

"\lith Lull' lJw,:k. V':.>Un.{I!fS: b'videu('-e-1J«~'ltd Prt!I-'('Tr!ilfll «>'Ill &habiil'lul i()f'l,

Second J.lllilioll, ,,'OU will

• g'l'lin l'illUllblc inJornlalioll OD mCl\,urcd loading or Ihc bttck
IIIU'illg spcl.:iGl.· ildhiticli lIllU Hppl;o" il tv m'uid r.;UllllIlUU-bu,
cOU1ltcrprodll('ti~'o--prllcliccsin back. rehabilitation:

• kllrn how 10 nnalYlC each pillicnt's or clkill'S IUl.klUC physical
charilctc-.ristlcs and lIfc-styk: [ac.IOI'S to tallot' pl'C\'C1l1h'C mCASltrC:s
".ill! In'iltlneDt, 10 indi,·jlluill needs:

• karn how to hclp patients and clients PfOgr('ss through the stll-E:CS
of rehabililation: COl:TCCtf\'C cxcrcise, stAbilityor mobility, endurancc-,
a.ill! slcClIglh; and

• HI.:yuirl' Ihe in[uHuCltiollllel,;(;SS<u'Y Lv dcsigu an dl(xlilic iujw',)'­
prC\'(",.ntion program.

ww iJlIl:k iJi.'>Urder~; l;-1'id~ncl[-lk{~t!li J-'n'l'l[ll/iUlI «,uJ &hubilil«lioll,
&(:(JJflf L'diliQn, is Ilw i1Ulhot'italil'e [C,,-I for sLud", care. and li'CalmcUL
of lh~ luw LJm;k, lis uui~uc appru«ch tu b<Il:k t:,~'C mill pl\.'wntivu will
guide you in dcveloping inlcrvcntion, lx-habililation, and pl'Cl'Cnlion
pru~nIlJl!i lu ill[l!n'ss thl' lUUqUl." lIc~·ds ul' c'ldl pilliellL ur di~llt <lILll
d.::l'clop a strong sc.iellUlk fOlllldalion for ~ollr pmclicl'.

HumaTl Kinetics
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