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CHAPTER 1

Introduction to the Issues

here is no shortage of manuals and books offering wisdom on low back health, Authors

range from those with formal medical or rehabilitation training to laypeople who have found
an approach to alleviate their own back troubles and hecome self-proclaimed low hack health
prophets. Their intentions are honorable, but their advice is rarely based on a sound scientifie
foundation. Too many of these authors olfer inappropriate recommendations or even harmful
suggestions. Years ago, as | began to develop scientific investigations into various aspects of low
hack problems, I would ask my graduate students to find the scentfic foundation for many of
the “commaonsense” recommendations [ was hearing both in the clinic and in induserial settings,
“Its my surprise they often reported that the literature yielded no, or very thin, evidence (note
that I choose my smudents carefully and that they ave very competent and reliable). Examples of
such thinly supported “commonsense” recommendations include the following:

¢ Bend the knees to perform a sit-up.

*  Bend the knees and keep the back straight to perform a lift.

*  Take yoga and Pilates classes—they are good for the back.

* Reduce the load being handled in order to reduce the risk of back troubles.
*  Srretch the hamstrings if you have a bad back and leg pain, and so on.

In fact, each of these recommendartions may be appropriate in some situations but, as will be
shown, not in all.

The famouns economist John Kenneth Galbraith was well known for demonstrating that actions
hased on common wisdom, at least in economic rerms, were often doomed to fail. He stated that
common wisdom is generally neither common nor wise. Galbraith eloquently expressed exactly
what T had experienced with “elinical wisdom” pertaining to the low back. Many attempts at
preventing low back rroubles and rehahilivating sympromaric ones have failed simply because
they relied on ill-coneeived clinical wisdom. This history of failed arempts is particolarly un-
fortunate because it has lent credence o the assertions of a number of increasingly well-known
*anthorities” that low back injury prevention and rehabilitation programs are a waste of resources.
These authorities claim that the majority of low back problems are not organic at all—tha,
for example, maost of these difficulties have materialized because workers are paid too much for
injury compensation, have been subject to psychosocial influences, or crave sympathy. These
dismissals of back injury are not justified. Back injury prevention and rehabilitation programs
with strong scientific foundations, executions, and follow-up can be effective.

Having stated this, I must acknowledge that justifying improved practice on sciemtific evi-
dence 15 a dynamic process. With new evidence, the foundation will change. To account for such
inevitable shifts, [ have developed a balanced approach in these pages, reviewing the assets and
liahilities and opposing views of an argument where appropriate. But fair warning! As vou read
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this book, be prepared o challenge current thoughts and rethink currently sceepred practices
of injury prevention and approaches to rehabilitation.

This chapter will familiarize you with some of the debatable issues regarding low back
funcrion, together with some opinions that rehabilitation professionals hold about patients,
diagnasis, compensation, and disability. It will also explore the circumstances that lead to back
injury and discuss the need to apply this knowledge to improve low back injury prevention and
rehabilitation.

Legislative Landscape:
The Unfortunate Adverse Impact on Bad Backs

Although most legislation and legal activity involving bad hacks are enacted with good inten-
rioms, much is counterproducove. A good example is the issue of spine range of motion (ROM).
The American Medical Assoctation (AMA) guidelines (1990) for quantifying the degree of back
disability are based mostly on loss of spine ROM. Lawyers and compensation hoards thar need
numbers for the purpose of defining disability and rewarding compensation have latched onto
spine ROIM as an objective and casily measured factor, In the legal arena, therapy is considered
successful when the ROM has been restored or at least improved.

Scientific evidence suggests, however, that after back injury, many people do not do well with
an emphasis on enhancing spine mobility. In some cases, back problems are actually exacer-
bated by this approach. In fact, evidence shows that many back injuries improve with stabilizing
approaches—motor control training, enhancement of muscle endurance, and training with the
spine in a neutral position (Saal and Saal, 1989, may be considered the classic work), Our most
recent work has shown that three-dimensional low back ROM has no correlation to functional test
scores or even the ability to perform occupatonal work (Parks e al., 2003). In the best practice,
spune Aexibility may not be emphasized until the very late stages of rehabilitadon, if ever.

How, then, did this idea of flexibility as the best measure of successful rehabilitation become
sii entrenched? The current metric for determining disabilicy appears to have been chosen
tor legal convenience rather than for a positive impact on low back troubles. The current
landscape creates a reward system for therapy that arguably hinders optimal rehabilita-
tion. Perhaps the criteria for derermining disability need to be reassessed and justified with
scientific evidence,

Another example illustrates the perverse impact of well-intended equity legislation, We all
have equal rights under the law, bur we are not physical eqna]s Although individual variance
is present in every group, different populations within society demonstrate quite different
capabilities. For example, the data of Jager and colleagues (1 991), compiled from many studies,
clearly showed that young men can tolerate more compressive load down their lumbar spines
than can older men, and similarly, men can tolerate about an additional third more load than can
women when matched for age. Yet human righes legislation, which is designed to create fairness
and equity by discouraging distinctions among groups, actually puts older females at greater
risk than younger men. By not allowing a 64-year-old osteoporotic woman to be treated (and
protected) differently from a 20-year-old, fir, 90 ke (200 1b) male in terms of wolerating spine
load, the legislation presents a major barrier for intelligently implementing tolerance-based
guidelines for protecting workers.

Deficiencies
in Current Low Back Disorder Diagnostic Practices

It is currently papular for many authorities to sugeest that back trouble is not a medical condi-
tion. They assert that physical loading has little 1o do with low back injury compensation claims;
rather, they believe workers complain of back problems in order to benefit from overly gener-
ous compensation packages or to convinee physicians they are sick. According to this view, any
hiomechanically based injury prevention or rehabilitation program is useless. Variables within
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the psychosocial sphere dominate any biological or mechanical variable. If this is true, then this
hook is of no value—ir should be abour psvehosocial intervention.

Thaose who contend thar psychosocial facrors dominare low back issues are well-published sci-
entsts and physicians. For example, Professor Richard Deyo (1998) sommarized a commaon view:
“Consider the following paradox. The American economy is increasingly postindustrial, with
less heavy labor, more automation and more robotics, and medicine has consistently improved
diagnostic imaging of the spine and developed new forms of sargical and nonsurgical therapy.
But work disability caused by back pain has steadily risen.” This line of reasoning assumes that
modern work (i.e.; more repetitive, more sedentary) is healthier for the back than the predomi-
nantly physical labor of past generations. The evidence suggests, however, that the repetitive
motions required by some specialized modern work, or the sedentary nawre characterizing
others, produces damaging biomechanical stressors. In fact, the variety of work performed by
our great-grandparents may have heen far healthier than our own. Deyo also seems to assume
that nonsurgical therapy has been appropriately chosen for each individual, whereas 1 suggest
that inappropriate therapy prescriptions remain quite common.

Furthermore, although T agree that there is more reliance on medical imaging, T suspect
that this reliance has resulted in a loss in the mechanically based diagnostic skills that are a
crucial factor in accurate diagnosis. Interestingly, magnetic resonance imaging (MRI) has been
documented to find—among other features—disc bulges, trophic facet jnints, and “degenera-
tive dise disease,” yet these have little relationship to whether the individual has pain or not.
Gibson and colleagues (19800 present evidence regarding plain film radiographs; and McGill
and Yingling (1999) and Zhao and colleagues (20035} discuss why such images are compromised
in showing actual damage. Savage and coworkers (1997) showed there is linle link hetween
the image and the padent’s symptoms. Without question the images are of great value for the
surgeon who must “cut our the pain,” but only if the image finding corroborates the specific
clinical symptoms of the patient,

Professor Alf Nachemson (1992) wrote that “most case contral studies of crosssectional
design that have addressed the mechanical and psychosocial factors influencing LBP (low back
pain}, including job satisfaction, have concluded that the latter play a more important role than
the extensively studied mechanical factors.” Yet none of the several references cited to support
this opinion made reasonable quantification of the physical job demands. Generally, these stud-
ies showed thar psychosocial variables were related to low hack troubles, but in the absence of
measuring mechanical loading, they had no chance to evaluate a loading relationship.

Finally, Dr. Nortin Hadler (2001) has been rather outspoken, stating, for example, that “it is
unclear whether there is any meaningful association between task content and disabling regional
musculoskeletal disorders for a wide range of physical disorders™ and that “on the other hand,
nearly all multivariate cross sectional and longitudinal studies designed 1o probe for associa-
tioms hevond the physical demand of tasks, detect associations with the psychosocial contest of
working.”

Recent evidence clearly shows thae, although psychosoeial factors can be important in
modulating patient behavior, biomechanical components are important in leading to low back
disorders and in their prevention. The position that hiomechanics plays no role in back health
and activity tolerance can be held only by those who have never performed physical labor and
have not experienced firsthand the work methods that must be employved w avoid disabling
injury. While the scientific evidence is absolutely necessary, it will only confirm the obvious w
those who have this experience. 1 find it perversely satsfving when physicians tell me that they
are now, after missing work as a result of a nasty back episode related to physical work, able o
relate to their patients. Perhaps experience with a variety of heavy work and with disabling pain
should be required for some medics!

It is, then, essential to investigate and understand the links among loading, tssue damage
or irritation, psychosocial factors, and performance to provide clues for the design and imple-
mentation of better prevention and rehabilitation straregies for low back rroubles. Founded on
this rubric, chapter 7 will strengthen the case for performing provocative testing to discover the
cause of a patient’s pain and will provide an algorithm to guide that approach. In the following
sections I will address several commaonly held beliefs about hack injury.
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Is It True That 85% of Back Troubles
Are of Unknown Etiology?

Low back injury reports often mendon the statistic that 85% of low back troubles are of unknown
etiology. This has led to the popular belief that disabling back troubles are inevitable and just
happen, a statement that defies the plethora of literature linking specific mechanical scénarios
to specific tissue damage. Some have argued thar this statement is simply the product of poor
diagnosis—or of clinicians reaching the end of their expertise (e.g., Finch, 1999), In fairness |
must point out that diagnosis often depends on the profession of the diagnostician. Each group
attempts to identify the primary dysfunction according to its particular type of treatment. For
example, a physical therapist will attempt diagnosis w guide decisions regarding manual therapy
approaches, while a surgeon may find a diagnosis directed roward making surgical decisions more
helpful. Some clinicians (surgeons, for example) seek a specific tissue as a pain candidare. From
this perspective, nerve block procedures have shown conclusive pain source diagnosis in well
over 3% of cases (e.g., Bogduk et al., 1996; Lord ecal., 1996 Finch, 199%), This has prompred
research mmn which tissues are innervated and are candidates as pain generators. Biomechanists
often argue that this may be irrelevant since a spine with alvered biomechanics has altered tissue
stresses. |'hus a damaged tissue may cause overload on another tissue, causing pain whether the
damaged tissue is innervated or not.

This is why other elinicians employ skilled provocative mechanical loading of specific dssues
to reveal those that hury, or at least w reveal loading patterns or motion patterns that cause
pain. These types of functonal diagnoses are helpful in designing therapy and in developing
less painful motion patterns, but the process of functional diagnoses will be hindered by a poor
understanding of spine biomechanics. Furthermore, those with a thorough understanding of
the binmechanics of tissue damage can be guided to a general diagnosis by reconstructing the
instipating mechanical scenario. An addidonal benefit of this approach is that once the cause
is understood, it can be removed or reduced. Unfortunately, many patients continue to have
troubles simply because they continue to engage in the mechanical cause. Familiarity with spine
mechanics will dispel this myth of undiagnosable back trouble and reduce the percentage of
those with back troubles of no known cause.

Even with a tssue-based diagnosis, the practice of treating all patients who have a specific
diagnasis with a singular therapy has not proven productive (Rose, 1989). For example, success
rates with many cancer therapies greatly improved with the combination of chemotherapy and
radiotherapy. Optimal back rehabilitation requires remowal of the cause and the addition perhaps
of stability, manual soft tissue therapy, or something else depending on the patent. Few patients
fall into a “complete fit” for functional diagnosis where a singular approach will yield optimal
results, Both for interpreration of the literature and for clinical decision making, it would appear
prudent to question the diagnostic eriteria needed before a given diagnosis is assigned.

Limitations in tissue-based diagnosis should not be used o suggest that determining the cause
of hack troubles is irrelevant or that the manual or medical treamment in some cases is froitless,
lewwving psychosocial approaches to prevail by default. Even given the current limitanons, the
diagnostic approach is productive for guiding prevention and rehabilitation approaches. But
what is meant by this *approach”? Read on!

Diagnosis by Hypothesis Testing

Geoft Maitland (1987), the Australian physiotherapist, years ago promoted the conceprt of
examining the patient and forming a working hypothesis. The hypothesis was used o guide
treatment and project the prognosis, The hypothesis was then tested and refined as rehabiliva-
tion progressed. Our approach, which incorporates a strong biomechanical foundation and
blends expertise from various biomedical and psychosocial disciplines, is strongly aligned with
Maitland s proposition. An initial impression is formed from the first meeting of patients in the
waiting room—from observing their sitting posture, how they rise from the chair, their initial
gait partern, and so on. Then a history is taken to look for possible candidate injury mechanisms
as well as perceived pain exacerbators and relievers. Observation continues during some basic
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motion patterns as the evaluation process proceeds, delving further into the mechanics and
nature of the symptoms. Then provocative rests are performed o either strengthen or weaken
the hypothesis. Motion and motor patterns that are wlerated are identified. All information is
used to [ormulate the plan for corrective exercise and the starting dosage of tolerahle therapeutic
exercise. T'he progression concludes with functional sereens and rests that are chosen based on
information obtained in the preceding process. In this way a funcrional diagnosis is ensured that
is sufficient for considering exereise choice and rates of subsequent progression. The cause has
been identfied together with symproms of abnormal motion and motor patterns. The course
of prevention and rehahilitation now has some quantitative guiding parameters.

Is It True That Most Chronic Back Complaints
Are Rooted in Psychological Factors?

While there is no doubt that many chronic back cases have psychological overlays, the signifi-
cance of psychology for back problems is often greatly exaggerared. D, Ellen Thompson (1997)
coined the phrase “bankrupt expertise” when referring to spine does who are unable to guide
improvemnent in their patients and default to blaming the patients and their psychoses, These
physicians either dismiss mechanical causation or assume that mechanical causation has been
adequately addressed.

At our university clinic I see patients who have been referred by physicians for consult. These
are either elite performers or the very difficult chronic bad hacks who have failed wich all other
approaches. In spite of the fact that these people have received very thorough attention, [ am
continually heartbroken to hear about the minimal notice paid to ongoing back stressors and
about the exercises thar these “basket case backs™ have been prescribed that have only exacerbated
their condition. The day before [ wrote this section, 1 saw a classic example.

A woman had suffered for five vears an disability and had seen no fewer than 12 specialists
from a variety of disciplines. Although several had acknowledged that she had physical concerns,
her troubles were largely attributed to mental depression. She consistently reported being
unable to tolerate specific activides while being able w tolerate others, Some provocative test-
ing confirmed her report together with uncovering a previously undiagnosed arthritic hip. For
vears she had been faithfully following the mnstructions of her health care providers to perform
pelvic tilts, knees-to-chest stretches first thing in the morning, and sit-ups; to take her large dog
for walks; and so on. All of these ill-chosen suggestions had prevented her posterior disc (with
sciatica)-based troubles from improving. As we will see later, these types of troubles rypically do
not recover with flexion-based approaches—particularly first thing in the morning, Moreover,
the lead-imposed torsional loads that she experienced every time she walked her dog exceeded
her tolerance. Although she reporred vacuuming as a major exacerharor of her rroubles, her
health care providers had never shown her how to vacunm her home ina way to spare her bacl.
I suggested that removing these daily activities and replacing the flexion stretches with neutral
spine position awareness training and isometric torso challenges would likely start a slow, pro-
gressive recovery pattern. | believed that her psychological concerns would probably disappear
with her back symptoms if she fell into the typical pattern. This patient, with this typical story,
has a reasonably good chance to enjoy life once again. (Note: This patient was back o work and
off her antidepressant medication at the time of proofing this manuscript.)

None of the “experts” this woman had seen—including physical therapists; chiropractors,
psychologises, physiatrists, nearologists, and orthopods—addressed mechanical concerns, Thisis
not to condemn these professions but rather to suggest that sharing experiences and approaches
will help us to be more successful in helping bad backs. Perhaps these professionals were unaware
of the principles of spine function, the types of loads that are imposed on the spine tissues during
certain actvities, and how these activities and spine postures can be changed to greatly reduce
the loads—in other words, the biomechanical components.

This book is an attempt 1o heighten the awareness and potential of this mechanical approach.
While it sounds very harsh, L have found relatively few experts who appear willing to adequately
address the causes of back troubles while working to find the most appropriate therapy. My
vears of laboratory-hased work, combined with collaboration in recent vears with my clinical
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colleagues, have provided me with unigue insight. As a result, T am not so quick to blame the
chronic patient.

Does Pain Cause Activity Intolerance?

Evidence that mechanical tissue overload causes damage is conclusive, But does the damage cause
pain, and does the chronic pain cause work intolerance? Several, but limited numbers of, studies
have documented the mechanical or chemical sumulation of gssues o reproduce clinical pain
patterns, (The absence of definitive, large-scale studies is due to the ethical issues of performing
invasive procedures and probably not w lack of scientific merit in such studies.) For example,
the pioneering work of Hirsch and colleagues (1963-64) documented pain from the injection of
hypertonic saline into specific spine tissues thoughe w be candidates for damage. Subsequent wo
this work, several other studies suggested the link hetween mechanical stimulation and pain, for
example, the work of Hsu and colleagues (1988) documenting pain in damaged discs.

There is irrefutable evidence that vervebral dise end-plate fracrures are very common and
result only from mechanical overload (Brinckmann, Biggemann, and Hilweg, 1989; Gunning,
Callaghan, and MeGill; 2001). Thart these fracrures are also found in necropsy specimens that
were subjected to whiplash (Taylor, Twomey, and Corker, 1990) also strengthens another facet
of this relationship. Hsu performed discograms (injections of radio contrast) into 692 discs, of
which 14 demonstrated leakage into the vertebral body, confirming an end-plate fracture. Four
of these discs (28%} produced severe pain, nine (64%) produced fully concordant pain, and
one produced mildly discordant pain. In conteast, only 11% of the remaining 678 discs with
no end-plate disruption produced severe pain, 31% concordant pain, 17% mild pain, and 41%
no pain. This evidence provides strong support for the notion that loading causes damage and
damage causes pain.

Even though pain can limit function and activity in cther areas of the body, some stll sug-
gest that these are not linked when a bad back is at issue. Teasell (1997) provided an interesting
perspective when he argued that in sports medicine, as opposed to occupational medicine, it is
well accepted that some injuries require months of therapy or can even cause retirement from
the activity. He noted that athletes receiving specialized sports medicine care are an interest-
ing group to consider since many are highly motivated, are in top physical condition, are well
paid, have access to good medical care, and are fully compensated even while injured, Their
injuries and pain can cause ahsence from play for substantal amounts of time and can even end
their lucrative carcers. Teasell reminded us that not all long-term chronde pain is an entirely
psychosocial coneern, as implied by some clinicians, These clinicians’ dismissal of the useful-
ness of physical approaches simply because they have not been successful in reducing long-term
troubles 15 a disservice to the patient.

Inadequacies in Current Care
and Prevention of Low Back Disorders

Many back patients can testify that the care they have received for their troubles 18 not satis-
factory. What are some of the factors that contribute to the inadequacy of their experience?
Certainly one factor is the fact that the epidemiological evidence on which many professionals
base their treatment recommendations can be quite confusing. Following are some examples
of the issues that cause confusion.

* Pleihora of studies on “backache.™ Nonspecific “backache”™ is nearly impossible 1w
quantify and, even if it could be quantified, offers no guidance for intervention. As such, any
study of treatment interventions on nonspecific backache 1s of little use. Some backs suffer with
discogenic problems, for example, and will respond quite differently from those with ligamen-
tos damage or facet-based problems. Efficacy studies that do not subelassify bad backs end up
with nonspecific “average™ responses. This has led to the belief that nothing works—or that
everything does, but to a limited degree. More studies on nonspecific backache rearment will
not be helpful, nor will the large epideminlogical reviews of these studies offer real insight,
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In contrast, patients with treatment matched 1o the condition experience greater short- and
lomg-term reductions in disability than those receiving unmarched trearments (Brennan er al,,
2006).

» U-shaped function of loading and resulting injury risk, Like many health-relared
phenomena, the relanonship of low back tissue loading to injury risk appears o form a U-
shaped function—not a monotonically rising line. For example, virtually every nutrient will
cause poisoning with excessive dosage levels, but health suffers in their absence; thus, there is a
musderate optimum. In the case with low back loading, evidence suggests that two regions in the
U-shaped relationship are problematic—too much and oo little, Porter (1987) suggested that
heavy work is good for the back—but how does one deline heave? Porter was probably referring
o work of sufficient challenge and variability to reach the bortom of the U and hence lower
symptoms. From a biological perspective, sufficient loading is necessary to cause strengthenmg
and toughening of tissues, but excessive levels will result in weakening. This lack of consensus
in the literature regarding the measurement of exposure has been problematic (Marras er al.,
2000). A more advanced understanding is required.

* Relutionship of intensity, duration of loading, and rest periods, As Ferguson and Marras
(1997) pointed out, some studies suggest that a certain type of loading is not related to pain,
injury, or disability, while others suggest it is, depending on how the exposure was measured
and where the moderate optimum for tissue health resides for the experimental population. The
subjectivity of such studies is further underscored when we consider the question of whether
there 15 a clinical difference between tissue irritation and tissue damage. Loading experiments
on human and animal tssues to produce damage reveal the "ultmate tolerable load” beyond
which injuries cause biomechanical changes, pain, and gross failure o strucrures. In real life, any
of us could irrirtate tissues o produce remendous pain ar loading levels well below the caday-
ericly determined tolerance by repeated and prolonged loading. In fact, evidence presented by
Videman and colleagues (1995) suggests that the progressive development of conditions such
as spinal stenosis results from years of specific subfailure activity. The fundamental question is
“Could such conditions be avoided by evidence-based prevention strategies that include optimal
loading, rest periads, and controlling the duration of exposure?”

Ill-Advised Rehabilitation Recommendations

These failures to frame research and its results appropriately have resulted in many over-
simplifications about low back treatment, which have in turn led 1o some inadequate treatmemt
practices and recommendations. A few of the most common recommendations for hack health
are discussed here.

» Strengthen muscles in the torse to protect the hack. Despite the clinical emphasis on
increasing back muscle strength, several studies have shown that muscle strength cannot predict
who will have future back troubles (Biering-Sorenson, 1984). On the other hand, Luoto and
colleagues (1995) have shown that muscular endurance (as opposed to strength) is protecove.
Why, then, do many therapeutic programs continue to emphasize strength and neglect endur-
ance? Perhaps it is a holdover influence from the athletic world in which the goal of training
is to enhance performance. Perhaps it 15 an influence from the pervasive use of hodvhuilding
approaches in rehabilitation. As will be shown, optimal exercise therapy occurs when the emphasis
shifts away from the enhancement of performance and toward the establishment of improved
health, In many cases the two are mutually exclusive!

* Bend the knees when performing sit-ups. Clinicians widely recommend bending the
knees during a sic-up, but on what evidence? A frustrating literature search suggests that this
perception may be the result of “clinical wisdom.” Interestingly, Axler and MeGill (1997}
demonstrated that there is little advantage to one knee position over the other, and in fact
the issue is probably moot hecause there are far better ways to challenge the abdominal muscu-
lature and impose lower lumbar spine loads (tradinonal sit-ups cause spine loading conditions
that greatly elevate the risk of injury). This issue is one of many that will be challenged in this

book.
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* Performing sit-ups will increase back bealth. s this a true statement or an artifact of
experimental methodology? Despite what many would like to believe, there is only mild literature
support for the belief that people who are fit have less back rrouble (although positve evidence
is increasing, for example, Stevenson et al,, 2001). Interesangly, many of the studies attempung
to evaluate the role of increased fmess in back health actually included exercises that have been
known to cause back troubles in many people. For example, many have attempred to enhance
abdominal strength with sit-ups. After examining the lumbar compression that results from
performing sit-ups with full flexion of the lumbar spine, together with excessive disc annulos
stresses, it is clear that enough sit-ups will cause damage in most people. Each sit-up produces
low back compression levels close to the National Institure for Occupational Safety and Health
(NTOSH) action limir, and repeatedly compressing the spine to levels higher than the NIOSH
action [imirt has been shown to inerease the risk of back disorders (Asler and McGill, 1997), Thus,
reaching a conclusion over the role of fitness from the published literature has been obscured hy
ill-chosen exercises. Increased fitness does have support, but the way in which fimess is increased
appears to be crivical.

* To avoid back injury when lifting, bend the knees, not the back, Prohably the most
common advice given by the clinician to the patient who must lift is to bend the knees and Iu_ep
the back straight. In addition, this forms the foundation for virtually every set of ergonomie
guidelines provided to reduce the risk of work-related injury, Very few |Uh5 can be performed
this way. Further, despite the research that has compared stooping and squatting styles of
lifting, no conclusion as to which is better has been reached. The issue of whether o stoop
or squat during a lift depends on the dimensions and properties of the load, the characteristics
of the lifter, the number of times the lift is to be repeared, and so forth, and there may in fact
be safer techniques altogether, Much more justifiable poidelines will be developed later in the
LEXT.

o “Tight” hamstrings and wnequal leg length lead to back troubles. It would seem intui-
tive that shortened or “oght” hamstrings would apply deleterious torgue to the pelvis and lead
to back troubles. A similar argument could be mounted for unequal leg lengths, which would
tilt the pelvis and impose bending stresses on the lumbar spine. This line of reasoning appears
to have driven popular clinical practice. Interestingly, there is lintle support for these notions, A
lomgitudinal study of young men over their military service did not reveal any link between current
back pain and hip flexion restrictions (Hellsing, 1988). Neither could furure pain be predicred
in this study or in the well-conducted study of Biering-Sorenson (19843, An interesting study by
Ashmen and colleagues (1996) sugpested that while reduced hip flexion may not be associated
with back pain, asymmetry between sides may be. Interestingly many high-performance athletes
who run and jump have “nght” hamstrings that they use as “springs.” Unequal leg length has
been shown to have a link with back pain in only the most extreme of length discrepancies;
even cases of a § em (2 in.) difference rarely develop chronic pain (Grundy and Roberts, 1984).
Further, there does not seem to be a significant link between leg length inequality and lumbar
scoliosis, at least for inequalities of 1 em (0.4 in ) or less (Hoikka, Ylikoski, and Tallroch, [989),
All of this suggests caution when one is assessing patients and attnbuting symptoms. Perform
the provocative tests and discover whether these postural variables are true exacerbators in the
individual and thus are justifiable targets for therapy,

* A single exercise or back stability program is adequate for all cases. 1t is currently popular
to promote the training of single muscles to enhance spine stability. While the original research
was motivated by the intention to reeducate perturbed motor patterns that were documented to
be the result of injury, others have misinterpreved the data and are promoting exercises w train
muscles they believe are the most important stabilizers of the spine, Unfortunately, they did not
quantify stability. The process of quantfying the contribution of the anatomical components
to stability reveals that virtually all muscles can be important, but their importance contnually
changes with the demands of the activity and task. It is true that damage to any of the spinal
tissues from mechanical overload results in unstable joint behavion Because of biomechanical
changes to the joint, however, the perturbed tissue is rarely linked to the sympromatology in a
simple way. More likely other tissues become involved, and which ones are involved will result
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in different accompanying motor disturbances, This variety in possible etologies means that
a single, simple rehabiliration approach often will not work. 1s mohility to be restored at the
expense of normal joint stability? Or is stability to be established first, with enhanced mobility
as a secondary delayed rehabilitation goal? Or s the elinical picture complex, for example, in a
situation in which spine stability is needed but tonic psoas activity causing chronic hip flexure
necessitates hip mobilization? This example, one of many that could have been chosen, illus-
trates the challenge of ensuring sufficient stability for the spinal tissues. No simple, or single,
approach will produce the best resulis in all cases. The description and data presented in this
book will help guide the formulation of exercises that ensure spine stability.

Can Back Rehabilitation Be Completed in 6 to 12 Weeks?

Some have sugpested thar damaged tissues should heal within 6 to 12 weeks, In fact, many
have used this argument to support the notion that work intolerance exceeding this period has
ni pathoanaromical basis (e, g Fordyee, 1995) bur stems from psychosocial issues. Further,
some have suggested thar patient recovery would be berter served by redirecting rehabilitative
efforts away from physical approaches. This position can be refuted by data and indicates a mis-
understandi ng of the complexities of spine pathomechanies. The concept that tissues heal within
fito 12 weeks appears to be originally based on animal stadies (reviewed in Spitzer, 1993). How-
ever, not all human patients get better so quickly (Mendelson, 1982), and the follow-up studies
from some defined disorders such as whiplash are compelling in the supporr of lingering tissue
disruption (e.g., Radanov et al., 1994).

Evidence will be presented in later chaprers of hoth mechanical and neurological changes
thart linger for years subsequent to injury. This includes loss of varions motor control parameters
together with documented asymmetric muscle atrophy and other disorders. This suggests that
postinjury changes are not a simple matter of gross damage “healing.” Following are only a few
of the types of damage that can be long-term indeed:

* Specific tissues such as ligaments, for example, have been shown to take vears to recover
from relatively minor insult (Wono, Gomez, and Akeson, 1985).

* The intervertebral motion units form a complex mechanism involving inericate interplay
among the parts such that damage o one part changes the biomechanics and loading on another
part. From the perspective of pathomechanics, many reports have documented the cascade of
hiomechanical change associated with inital disc damage and subsequent joing instability and
secondary arthritis, which may take years to progress (e.g., Brinckmann, 1985; Kirkaldy-Willis,
1998,

* Videman and colleagues (1995} documented that vertebral osteophytes were most highly
associated with end-plate irregularities and disc bulging. Osteophytes are generally accepted to
he secondary to disc and end-plate trauma bur take years to develop.

Thus, to suggest that back troubles are not mechanically based if they linger longer than a few
months only demonstrates a limited expertise.

Another question is “Can these back troubles linger for a lifetime?™ In this connection, it is
interesting that elderly people appear to complain about bad backs less than younger people.
Valkenburg and Haanen (1982) showed that back troubles are more frequent during the younger
vears. Weber (1983) provided further insight by reporting on patients 10 years after disc hernia-
tions (some of them had had surpery while others had not) who were engaged in strenuous daily
activity—uvet all were stll receiving rotal disabilivy benefits! It would appear that the cascade of
changes resulting from some forms of tissue damage can take years, but generally not longer
than 10} years. Although the bad news is that the affected joints stiffen during the cascade of
change, the pood news is that eventually the pain is gone,

To summarize, the expectation that damaged low back tissues should heal within a matter
of weeks has no foundation. In fact, longer-term troubles do have a substantial biomechanical
or pathoanatomical basis. On the other hand, troublesome backs are gencrally not a life sen-
[enoe,
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Should the Primary Goal of Rehabilitation
Be Restoring the Range of Motion?

Research has shown that an increased ROM in the spine can increase the risk of future back
toubles (e.g., Battie et al, 1990; Biering-Sorenson, 1984; Burton, Tillotson, and Troup,
1989), Why then does increasing the ROM remain a rehabilitation objective? The first
reqson, dm:uqﬂerl earlier, is the need ro quantify reduced disahility as defined by the AMA.
Second, there 15 a holdover philosophy from the athletic world thatincreased ROM enhances
performance. This may be true for some activities, but it is untrue for others, As will be
shown, this philosophy may work for other joints, but it generally does not work for the back.
In fact, suceesstul rehabilitation for the back is generally retarded when athlene principles are

followed.

What Are Better Alternatives in Dealing With Painful Backs?

Painful backs are the result of different causes; this book proposes approaches to identify the
cause in the individual. Understanding the specific cause, or exacerbator, in cach individual directs
efforts to remaove the cause, and ensures that the cause is not replicated in the therapy. Tissues
in the hack become irritated with repeated loading. Consider lightly hitting the thumb with a
hammer repeatedly—eventually the slightest touch causes pain, This is symptom magnification
because the tissues are hypersensitized—not because of psychosocial modulators, Reduction
of hypersensitivity in the thumb only occurs following a substantial amount of nme atter the
hammering has \tuppu! Tissues in the back are continually “hit with the hammeér” because of
the aberrant motion or motor patterns. For emmpiu, people with flexion bending intolerance of
the spine may replicate this every time they rise from a chair. Correct this movement fault and
“take the hammer away.” Then the tssues become less sensitized, the repertoire of pain-free
tasks increases, and motion returns. Motion returns once the pain goes away. Resist “restoring
function” with a mobilizing approach too soon, This often retards progress.

Mechanical Loading and the Process of Injury:
A Low Back Tissue Injury Primer

Any clinician completing a worker or patient compensation form is required o identify the event
that caused the injury. Very few back injuries, however, result from a single event. This section
documents the more common cumulative trauma pathways leading to the culminating event
of a back injury. Because the culminating event is falsely presumed to be the cause, prevention
efforts are focused on that event. This misdirection of efforts fails to deal with the real cause of
the comulative trauma,

While a generic scenario for injury is presented here, chapter 5 offers a more in-depth dis-
cussion of injury from repeated and prolonged loading to specific tissue, The purpose of this
section 1% to promote consideration of the many factors that modulate the risk of ossue failure
and to encourage probing o generate appropriate hypotheses about injury etiology.

Injury, or failure of a tissue, occurs when the applied load exceeds the lailure rolerance (ar
strength of the tissue). For the purposes of this discussion, injury will be defined as the full con-
tinuum from the most minor of dssue irftaton (but microtesoma nonetheless) to the grossest
of tissue failure, for example, vertebral fracrure or ligament avulsion. We will proceed on the
premuse that such damage generates pain.

Owviously, a load thar exceeds the failure wlerance of the tssue, applied once, produces
injury (see figure 1,154 in which a Canadian snowmobiler airborne and abour to experience
an axial impact with the spine tully flexed is at risk of posterior disc herniation upon land-
ing). This injury process is depicted in figure 1.1, where a margin of safery is observed in
the first cycle of subfailure load. In the second loading cycle, the applied load increases in
magnitude, simultaneously decreasing the margin of safety to zero, at which point an injury
occurs. While this description of low back injury is commaon, particularly among medical
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Failure _—
Failure tolerance /
F?II‘I of
Load l
Time
a
Figure 1.1 (ai A margin of safely is observed in the first cycle of subfailure load, In the second loading cvcle; the applied

load increases in magnitude, simultaneously decreasing the margin of safety to zero, at which point an injury occurs. (h)
The: Canadian snowmabile driver (the author in this case, whao should know better) is about to experience an axial com-
pressive impact load 1o a fully flexed spine. A ane-time application of foad can reduce the margin of safety to zero as the
applied load exceeds the strength or failure tolerance of the supparting tissues,

{a R1.1.a|'ir|b|.-tl Fram fourmal of Bromechanics, 30 (5), SA MoGill, *Invied paper: Bicenechanicos of low back mjury: !1||p|r|..|1-'un-a. LHIE LU prachice ane the clinie,”
AS6-4T5, 1997, with permission from Elsevier Science.

practitioners who are required to identify an injury-causing event when completing forms for
workers' compensation reports, my experience suggests that relatively few low back injuries
occur in this manner,

More commonly, injury during occupatonal and athletic endeavors involves cumulative trauma
from repetitive subfailure magnitude loads. In such cases, injury is the result of accumulated
trauma produced by either the repeated application of relatively low load or the application of
a sustained load for a long duration (as in a sitting task, for example). An individual lifting hoxes
onto a paller who is repeatedly loading the tissues of the low back (several tissues could be ar
risk) to a subfailure level (see figure 1.2, a-0) experiences a slow degradation of failure toler-
ance (e.g., vertebrae, Adams and Hutron, 1985; Brinckmann, Biggemann, and Hilweg, 1989).
As tissues fatigue with each eyele of load and correspon :].1111-’_7]1r the failure tolerance lowers, the
margin of safety eventually approaches zero, at which point this individual will experience low
back injury. Dlmuur.h' the aceumulation of trauma is more rapid with higher loads. Carrer and
Hayes (1977) noted th.il: at least with bone, fatigue fatlure occurs with fewer repetitions when
the applied load is closer to the vield strength.

Yet another way to praduce injury with a subfailure load is to sustain stresses constantly over
a period of tme. The rodmen shown in figure 134, with their spines fully flexed for a prolonged
period of time, are loading the posterior passive tissues and are initiating dme-dependent changes
in disc mechanies (figure 1.35). Under sustained loads these viscoelastic tissues slowly deform
and creep. The sustained load and resultane creep cause a progressive reduction in the tissue
strength. Correspondingly, the margin of safery also declines untl injury occurs at a specific
percentage of tissue strain (i.e., at the breaking strain of thar particular tissue). Note that these
workers are not lifting a heavy load; simply staying in this posture long enough will eventually
ensure injurious darmage. The injury may involve a single tissue, or a complex picture may emerge
in which several tissues become involved. For example, the prolonged stooped posture imposes
loads on the posterior ligaments of the spine and posterior fibers of the intervertebral disc. The
associated creep deformation that ultimately produces microfailure (e.g., Adams, Hutton, and
Stote, 1980; MeGill and Brown, 1992) may initiate another chain of events, Stretrched ligaments
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Figure 1.2  {a) Repeated subfailure loads lead to tissue fatigue, reducing the failure tolerance, leading to (b failure on
the Nth repetition of load, or box lift in this example.

fir} eprinted from fowrmal of Biomechaaics, 3005, S0 MeGill, “trviied paper: Blemechanicsof low back infury: Implications o curremt practice and the clinle”
A56-475, 1997, with permission from Eksevier Srience.

Failure tolerance

Failure.
Load

Margin of safely

Applied load

Time

Figure 1.3

fa) These rodmen with fully flexed lumbar spines are loading posterior passive tissues for a long duration, (B)
reducing the failure tolerance leading to failure at the Nth% of tissue strain,

increase joint laxity, which can lead to hyperflexion injury (to the disc) and to the following
sequence of events:

1. Local instability

2. Injury of unisegmental structures

3. Ever-increasing shearing and hending loads on the neural arch
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Load
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Time

Figure 1,4 Loading is necessary for optimal tissue
health. When loading and the subsequent degrada-
tion of tolerance are followed by a period of rest, an
adaptive tissue response increases tolerance, Tissue
“training” results from the optimal blend of ant and
science in medicine and tissue biomechanics.

This laxity remains for a substantial period after the
prolonged stoop.

Understanding the process of tissue damage in
this way emphasizes why simple injury prevention
approaches often fail. More effective injury interven-
tion strategies recognize and address the complexi-
ties of tissue overload.

Avoidance of loading altogether is undesirable.
The objective of injury prevention strategies is o
ensure that tissue adaptation sumulated from expo-
sure to load keeps pace with, and ideally exceeds,
the accumulated tissue damage. Thus, exposure to
load is necessary, but in the process of accumulation
of microtrauma, the applied loads must be removed
(with rest) to allow the healing and adaptation
process to gradually increase the failure tolerance
to a higher level. We have already seen how tssue
loading and injury risk form an oprmal U-shaped
relationship of not too much and not wao licde load.
Determining the optimal load for health encom-
passes both the artand science of medicine and tssue
biomechanics. Figure 1.4 presents a final load—time
history to demonstrate the links among loading, resr,
and adaptive tissue tolerince.

In summary, the injury process may be associated either with very high loads or with relatively
low loads thar are repeated or sustained. This either/or causation necessitates rigorous examing-
tiom of injury and tissue loading history for substantial periods of time prior to the culminating
injury event. It is important to recognize that simply focusing on a single variable such as one-
time load magnitude may not resalt in a successful index of risk of injury, particularly across a

wide variety of activines.

A Final Note

The selected controversies introduced 1o this chaprer illustrare the need for the evidence pre-
sented in the rest of the texe and the relevance of the discussions that follow. Resist the urge
assume that conventional wisdom is correct: First consider the evidence and then form vour

OWI OpIIOns,
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CHAPTER 2

Scientific Approach
Unique to This Book

his book contains many nontraditional viewpoints on how the spine functions and becomes

damaged. Most of these perspectives have emerged from a unique hiomechanically based
methadological approach, This chapter will familiarize you with the unigque general approach
taken for obtaining much of the data in this text and will help you understand both the limita-
tions and the unique insights provided by such an approach.

As spine biomechanists, our methods of inquiry are similar to those used by mechanical or
civil engineers. For example, a civil engineer charged with the task of building a bridge needs
three types of information:

*  Traffic o be accommodated, or the design load

*  Structure to be used (e.g., space truss or roman arch), as each architecture possesses
specific mechanical traits and features

*  Characteristics of proposed materials thar will affect srength, endurance, stability, resis-
tance to structural fatigue, and so on

Our approach wo investigating spine function is similar to that of our engineering colleagues.
We hegin with the following relationship to predier the risk of rissue damage:

Applied load > tissue strength = tssue failure (injury)

Recall from the tssue injury primer at the end of chaprer 1 thar tissue strength is reduced by
repeated and prolonged loading but is increased with subsequent rest and adapration. Analyz-
ing tissue failure in this way requires two distinet methodological approaches. This is why we
developed two guite distinet laboratories, which led o much of the progress documented in
this book, (Please note that the “*we™ used in this chaprer includes my research weam of gradu-
ate students, visiting scholars, and technicians.) Our first lab is equipped for in vitro testing of
spines, in which we purposefully try to create hermiated dises, damaged end plates, and other
tissue-specific injuries. The second lab is the in vivo lab, where living people (both normals and
patients) are tested for their response to stress and loading. Individual tissue loads are obtained
from sophisticated modeling procedures.

In Vitro Lab

The in vitro lab is equipped with loading machines, an acceleration rack, tissue sectioning equip-
mient, and an X-ray suite to document progressive tissue damage. For example, by performing
discograms with radio-opaque contrast liquids, we can document the mechanics of progressive
disc hermianon. We investigate any other injury mechanisms in the same way—that 15, by applying
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physiological loads and motion patterns and then documenting the damage with appropriate
technology.

Since many technique issues can affect the experimental results, the decision to use one over
anotheris governed by the specific research question, For example, since a matched set of human
spines to run a controlled failure test cannot be obtained, animal models must be used. Here,
control is exercised over genetic homogeneity, diet, physical activity, and so forth 1o contrast
an experimental eohort with a marched ser of control spines.

OF course, the results must be vahidated and interpreted for them to be relevant to humans.
Tn addition, identifying the limitations for relevance in interpretation is critical, Some hypoth-
eses thar demand the use of human marterial are compromised by the lack of available young,
healthy, undegenerated specimens. Having healthy specimens is enitical because biomechanics
and injury mechanisms radically change with age. Other major methodological issues include
the way in which biological tissues are loaded, perhaps ar specific load rates or at specific rates
of displacement. The researcher must decide which has the most relevance to the issue ar hand.
Dievising these experiments is not a trivial ask.

In Vivo Lab

The in viva lab is unique in its approach in attempting to document the loads on the many
lumbar tssues in vive, This knowledge lends powerful insight into spine mechanies, both of
normal functioning and of failure mechanics. Since transducers cannot be routinely implanted
in the tissues to measure force, noninvasive methods are necessary. The intention of the basic
approach is to create a virtual spine. This virtual model must accurately represent the anatomy
that responds dynamically to the three-dimensional motion patterns of cach test subject or patient
and must mimic the muscle activation patterns chosen by the individual. In so doing, it enables
us to evaluate subjects’ unique motor patterns and the consequences of their choices and skill,

How the Virtual Spine Works

While two groups (the Marras group [e.g., Granata and Marras, 1993] and the MeGill group)
have devoted much effort to the development of bielogically driven models, the Me(ill
model will be described here given its familiarity to the author. The model—a dynamie, three-
dimensional, anatomically comples, biologically driven approach to predicting individual lumbar
tissue loads—is composed of two distinet parts: a linked-segment model and a highly detiled
spine maodel that determines tissue loads and spine stability.

* The first part of the MeGill model is a three-dimensional linked-segment representation
of the body using a dvnamic load in the hands as input. Twe or more video cameras at 30 Hz
record joint displacements o reconstruct the joints and body sepments in three dimensions.
Working through the arm and trunk linkage using linked-segment mechanics, reaction forces
and moments are computed about a joint in the low hack (usually L4-1.5) (previously described
in McGill and Norman, 1983) (see figure 2.1a). Using pelvic and spine markers, the three reac-
tion moments are converted into moments about the three orthopedic axes of the low back
(flexion-extension, lateral bend, and axial twist).

» The second part of the MeGill model enables the partitioning of the reaction moments
obrained from the linked-segment model into the substantial restorative moment components
(supporting tissues) using an anatomically detailed three-dimensional representation of the skel-
eton, muscles, ligaments, nonlinear elastic intervertebral discs, and so on (see figure 2.15). This
part of the model was first described by MeGill and Norman (1986), with full three-dimensional
methods deseribed by MeGill (1992} and the most recent update provided by Cholewicks and MeGill
{1996). In total, 90 low back and torso muscles are represented. Very bricfly, first the passive tissue
forces are predicted by assuming stress—strain or load deformation relationships for the individual
passive tissues. Deformations are modeled from the three-dimensional lumbar kinematics measured
from the subject, which drive the vertebral kinematies of the model. Passive tissue stresses are cali-
brated for the differences in flexibility of each subject by normalizing the stress—strain curves o
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Figure 2.1 The tissue load prediction approach requires two models. (a) The first is a dynamic
three-dimensional linked-segment model to obtain the three reaction moments about the low back,
(k) The second model partitions the moments into tissue forces (muscle forces 1-18; ligaments
19-26; and moment contributions from deformed disc, gut, and skin in bending).

the passive range of motion of the subject, Electromagnetic instrumentation, which monitors the
refative lumbar angles in three dimensions, detects the isolated lumbar motion. The remaining
moment is then partitioned among the many fascicles of muscle based on their activation
profiles {(measured from electromyography [EMG]) and their physiological cross-sectional
area, The moment is then modulated with known relationships for instantaneous muscle
length of either shortening or lengthening velocity, Sutarno and MeGill (1995) deseribed the
most recent improvements of the force-velocity relationship. In this way, the modeled spine
moves according to the movements of the subject’s spine, and the virtual muscles are activated
according to the activation measured directly from the subject (see figures 2.2, a=b, and 2.3),

Using biological signals in this fashion to salve the indeterminacy of multiple load-bearing
tissues facilitates the assessment of the many ways that we choase o support toads. Such an
assessment is necessary for evaluaning injury mechanisms and formulating imjury-avoidance
initiatives. Fram a clinical perspective, this ability to mimic individual spine motions and
muscle activarion parterns enables us to evaloare the consequences of a chosen motor eontrol
strategy. For example, we can see thar some people are able to stabilize their backs and spare
their lumbar tissues from overload when performing specific tasks, Conversely, we are able o
evaluate the consequences of poorly chosen motor straregies. In this way we can identify those
individuals with perturbed motor patterns and devise specific therapies to regroove healthy motor
patterns that ensure sufficient spine stability and spare their tissues from damaging load.

Our challenge has been to ensure sufficient biological fidelity so that esamations of tissue
forces are valid and robust over a wide variety of activities. The three-dimensional anatomy is
represented in computer memaory (muscle areas are provided in appendix A1) On oceasion,
if the expense is warranted, we create a virual spine of an individual from a three-dimensional
reconstruction of serial magnetic resonance imaging (MRI) slices from the hip rrochanter to T4
(see figure 2.28). This component of the modeling process is well documented for the interested
reader in McGill and Norman (1986) and McGill (1992). A list of the large number of associated
research papers pertaining to the many detailed aspects of the process is provided in a separate
reference secton at the end of this book. See figures 2.4 and 2.5 for a flowchart and example
of the modeling process.
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Figure 2.2 (a) Subject monitored with EMG electrodes and electromagnetic instrumentation to directly mea-
sure three-dimensional lumbar kinematics and muscle activity, (B) The modeled spine (partially reconstructed
for illustration purposes, although for the purposes of analysis it remains in mathematical form) moves in
accordance with the subject’s spine, The virtual muscles are activated by the EMG signals recorded from the

subject's muscles,

Figure 2.3  Inthis historical phota on the right, an instrumented subject simulates the complex three-
dimensional task of tossing an object. The instrumentation includes three-dimensional video to
capture body segment kinematics, a recording of the three-dimensional force vector applied to the
hand, a 3-SPACE electromagnetic device to record isolated three-dimensional lumbar motion and
assist in partitioning the passive tissue forces, and 16 channels of EMG electrodes to capture muscle
activation patterns. A more modern data collection is shown on the lefl.

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material

Video 1

Spinal model: partitioning reaction
moment into individual tissues

Body joint Kinematic portion: l
eoordinates

Orientation of rib cage and pelvis determined (3-SPACE) | oo
Hand force I

Estimate lumbar vertabral position

v

EMG Linked-segment model Estimate center of rotation disc
Threa-dimensicnal
3 Memory
dynamic L Stored spacial matrices:
l, Initial estimate of crude compression E‘?tl}'”s
Reaction moment ¥ | -andshearat Lot E;mge:.r%eﬂebra
about L4/L5 disc

Orient vertebrae according to estimate

.

Calculate muscle and ligament lengths
and velocity of length change (dl/

&
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Calculate disc moment

v

4| Calculate ligament stress and contribution to restorative moment

. |

¥
| Determine moment allocated to muscle
Common gain
¥ or EMG assisted
Muscle EMG | Muscle model |— | Computed muscle moments | +———— optimization
v " (] 3
Predicted muscle moments equal to sum of muscle moments? et i
EMG T g
AD converted
EWR. .
LE. Compute total disc compression-shear using disc model
EMG to force Ly
conversion ¥
—_ Compare all stresses (muscular, ligament, skeletal) to folerance data
Memory Li
Muscle length and Load time histories and flag tissues close to failure
velocily paramelers
Y

Calculate stability index and eigen values

Figure 2.4 The model input and output are illustrated in this flewchart up to the point of calculation of moments
ancl tissue loads. Spine stability is calculated with an additional module.
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Figure 2.5 Various stages of model output in this example of a subject flexing, picking up a weight, and extend-
ing: (a) lumbar motion about the three axes—flexion-extension, lateral bend, and axial twist; (h) lengths of a few
selected muscles throughout the motion: (c) some muscle forces; (d) L4-L5 joint forces of compression and shear:

fer) stability index, where larger positive numbers indicate higher stability and a zero or negative number would
suggest that unstable behavior is possible.
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Scientific Approach Unigue to This Book

0 Development
/v\ of the Virtual Spine

The development of the virtual spine
approach has been an evolutionary
. process spanning 20 years, In that
time we have had to confront several
spectfic ssues, namely, 1ssues of valida-
tion and how to handle deep muscles
that are inaccessible with surface
EMG electrodes. Briefly, although we
1A A Jr have tried intramuscular electrodes

in highly selected conditions, this is a
limiting invasive procedure. Generally,
10" |- = we estimate the deep muscle activation
amplirudes from movement synergists
(McGill, Juker, and Kropf, 1996}, This
10" method is limited, however, because it
requires a prior knowledge of muscle
patterns for a given moment com-
10 bination in a specific task, We oy to
incorporate the highest level of content
validity by using derailed representa-
o T T . . T T . tions of the anatomy and physiological
cross-sectional areas, recording stress—

Siability index
o
-]
£,
=

8 Time (s} strain relationships, and incorporating
known modulators of muscle force such
Figure 2.5  (continued) as length and velocity. One of our vali-

idanion exercises is to compare the three
mieasured reaction moments with the sum of individual tissue moments predicted by the virtoal
spine, A close match suggests that we have succeeded in accurately representing force,

Ower the past ten vears this approach for predicring individual lumbar tissue loads has evolved
tor enable us to document spine stability. In this way, we can evaluare an individual’s motor pat-
terns and identify strategies that ensure safety and those that could result in injury. This is nota
trivial task. It requires converting tissue forces to stiffness and using convergence algorithms to
separate those forces needed to ereate the torques that sustain postures and movements from the
additional forces necded to ensure stability. Potential energy-hased analyses are then employed
oy identify the “stability index” in each degree of freedom of the joint, which in turn reveals the
joint’s ability to survive a given loading scenario. This level of modeling represents the highest
level of sophistication currently available. It has enabled us w challenge coneepts pertaining to
spine stability—mare on this in chapters 6 and 12.
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CHAPTER 3

Epidemiological Studies
on Low Back Disorders
(LBDs)

Deﬁnitivt experiments are rare in the fields of science and medicine. Instead, conclusions
generally emerge from the integration and synthests of evidence from a variety of sources.
Using a similar approach, lawyers argue cases in which each piece of evidence is considered cir-
cumstantial in the hope that eventually the circumstantial evidence will become overwhelming,
Like lawvers, scientific researchers E_ather and regather circumstantal evidence from several
perspectives with the goal of understanding cause and effect. By studying the relationships among
variables and investigating mechanisms, they are able to form perspectives that are robust and
plausible. This type of research work, together with longitudinal studies, tests the causative
fFactors identfied in the mechanisde studies.

Other chapters in this book are dedicated to investigating the various mechanisms within
the low back and their links with gmri health and disability, This chaprer focuses on the study
of associations of variables through various Lpult_mmlugu:a] approaches. Some readers will find
this a boring chaprer—so my students inform me, You may choose to skip this chapter. But
those wishing a fuller understanding of the challenges thar lie in building a strong founda-
tion for the very best imjury prevention and rehabilitation programs are encouraged to read
on. Doing so will enable vou to appreciate the epidemiological perspective, o have a more
complete comprehension of the positions taken in the rext as a whole to reduce the economic
impact of low back disorders, and o understand certain subsequent approaches for preventon
and rehabilitation,

Several sections in this chapter will help you understand the risk factors for low back
trouble—specifically, the changes in personal factors and whether they cause back troubles
or are a consequence of having them, For the purpose of this review, purported disabling low
back troubles and possibly related work intolerance will be referred to collectively as low hack
disorders (LBIDs). Furthermore, the term pw“mrmffm'mr ¢ can include ; mthmp{:ﬂuetm_ and fitness

ariables, as well as motor control ability, injury history, and so forth,

Multidimensional Links Among Biomechanical,
Psychosocial, and Personal Variables

As noted in chaprer 1, several prominent people have declared thae psychosocial variables are
the most significant factors in LBD. This is an important issue since effective intervention nwst
address the real cause and conseguence of back rroubles. In this section we wall see chat virm-
ally all studies that properly measured or caleulated the physical demands of tasks showed that
people subjected o specific mechanical stressors ave at higher risk of LBD than others bur thar
there also appear to be some mitigating issues.
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Three Important Studies

The following three studies are reviewed here because of their past influence and future unpli-
cations,

* Bigos and colleagunes. In 1986 Bigos and colleagues performed a highly quoted study—one
that has been very influential in shaping opinion regarding injury prevention and rehabilita-
tinn—at the Boeing plant in Washington State in the United Stares. This retrospective inves-
tigation analyzed 4,645 injuries (of which 900 were to the low back) over a 15-month period in
1979-1980. The authors reported a correlaton between the incdence of back injury and poor
appraisal ratings of employees performed by their supervisors within six months prior to the
reported injury. The authors considered the poor ratings to represent a psychosocial factor.
In 1991 Bigos and colleagues conducted a longitudinal prospective study of 3,020 employees
at Boeing, during which there were 279 reported low back injuries. The researchers eollecred
personality inventories as well as guestionnaires regarding family and coworker support and job
satisfaction. They also analyzed personal factors such as isometric strength, flexibility, aerobic
capacity, height, and weight. The authors concluded thar psvchosocial measures—particularly
those related 1o job enjoyment—had the strongest influence of all the variables analyzed. In fact,
those workers who stated they did not enjov their job were 1.83 fimes more likely to reporta back
injury (odds rano = 1.85), Job satisfaction counted for less than 153% of the varfance as an ipury
risk factor, meaning that more than 83% of the varance was unaccounted for. In other words,
psychosocial factors failed to account for 85% of the causation of LBDs. The authors concluded
“that the statistically significant, though clinically modest, predictive power of work perceptions
and psychosocial factors for reports of acute back pain among industrial workers argues against
the exclusive use of an injury model to explain such problems.” This is a fair summary of the
implications of their work. It does not mean that mechanical loading 15 unimportant. Yet, this
study is often quoted to support the viewpaint that psychosocial factors are the most important
causes of back disorders, Tnterestingly, Marras and colleagues (1993) also found similar odds
ratios for job satistaction (1.56) in a massive study of 400 repetitive industrial lifting jobs across
48 industries,

Very few epidemiologically based studies have Odds Ratios

employed reasonably robust quantifications of biome-
chanical, psychosocial, and personal factors. Two impor- Perhaps the most lucid definition of an
rant studies meet this requirement. odds ratio can be achieved through an

example. If smokers have three times the

* Marvas and colleagues. The first important study risk of developing lung cancer that non-

was reported by Marras and colleagues (1993}, who smokers do (perhaps 6 out of 10 smokers
511 n'f.:yud over 400 imiustrifll lifting 1(1}.1'\ dcTiEs 4‘@ differ- as apposed 10 2 out of 10/in nonsmokers),
ent industries. They examined medical records in these they have an odds ratio of 3. Thus, an odds
mdu.srnes. w r.:inss:_l’y each type of job as being either low, ratio greater than 1 suggests an increased
:1'11:-111_um1 or high risk for causing LBD. They documented risk from a specific factor.

a variety of mechanical variables as well as reporting job
satisfaction, The mast powerful single variable for pre-
dicting those jobs with LBD was maximum low back moment. This resulted in a predictive odds
ravio of 4.04 bevween low- and medivm-risk groups and a ravo of 3.32 berween the low- and
high-risk groups. Other single variables produced impressive odds ratios, for example, sagittal
trunk velocity (odds ratio = 2.4} for the low- and high-risk comparison and 2.42 for maximum
weight handled between the low- and high-risk groups. Job satisfaction produced an odds ratio
of 1.48 between the low- and high-risk groups and of 1.32 between the low- and medium-risk
groups. The researchers entered the single variables into a muluple logistic regression model.
The group of various measures selected by the model deseribed the risk index well between the
low- and high-risk groups and also between the low- and medium-risk groups, Suitably varving
the five measures chosen hy the regression process (maximum load moment, maximum lateral
trunk angular velocity, average trunk twisting velocity, lifing frequency, and the maximum sagittal
trunk angle) decreased the odds of being a member of the high-risk LB} group over 10 times
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(oidds ratio = 10.6), This was an important study for specifying certain physical characteristics
of joh design that reduce the risk of LBD and linking epideminlogical findings with quantitative
biomechanical analysis and psychosocial factors across a large working population.

* Norman and colleagres. The second important study to successfully integrate hiome-
chanical, pc}:_hrﬁncia] and personal factors was conducted by Norman and colleagues (1998),
who examined injuries that occurred in an auto assembly plant that emploved more than 10,000
hourly paid workers. During a two-year period of observation in the plant, the authors reported
ana]}'.»e_t. on 104 cases and 130 randomly selected controls, Cases were people who reported
low back pain (LBP) to a nursing station; controls were people randomly selected from com-
pany rosters who did not report pain, This is a notable study because the authors atempted
obrain good-quality pﬁvchmnc'ial personal, and psychophysical data on all participants from an
interviewer-assisted questionnaire, as well as good-quality, direetly measured biomechanical data
on the physical demands of the jobs of all participants, (Note that the psychophysical approach is
based on worker self-perceived stresses.) The study revealed that several independent and highly
sigmificant hiomechanical, psychosocial, and psychophysical facrors (identified as risk facrors)
existed in those who reported LBP. The personal risk factors that were included were much less
important: After adjusting for personal risk factors, the statistically independent biomechanical
risk factors that emerged were peak lumbar shear foree (conservatively estimated odds ratio
= 1.7}, lumbar disc compression integrated over the work shift {udds ratio = 2.0), and peak
force on the hands (odds ratio = 1.9). The odds ratios for the independent psychosocial
risk factors, from among many studied, were worker perceptions of poorer workplace
social environment (2.6), higher job satisfaction (not lower, as shown in the Boeing study)
(1.7), higher coworker suppart (1.6), and perception of being more highly educated (2.2).
Perceptions of higher physical exertion, a psychophysical factor, resulted in an odds rato
of 3.0, which is possibly related to the capacity of the worker relative to the joh demands.
Nearly 45 % af the total variance was accounted for by these risk factors, with approximately
12% accounted for by the psychosocial factors and 31% by the biomechanical factors. These
results are very consistent with those reported by Marras and colleagues (1995) and by Pun-
nett and colleagues (1991), L'lnl} a few of the pelmnal factors were associated with reporting
LBP: body mass index (odds ratio = 2.0} and prior compensation claim (odds ratio = 2.2}, This
case—control study is of high quality because itused a battery of many of the best measurement
methods available for field use to assess many psychosocial, biomechanical, and personal factors
on all participants in the data pool.

The evidence from the comprehensive studies suggests thar both psychosocial and hiome-
chanical variables are important risk factors for LBD. In particular, cumulative loading, joint
moments, and spine shear forces are important. Those elaiming that only psvchosocial factors
are important or that only physical loading factors ave important cannot mount a creditable,
dara-based defense, as it appears that the data they quote fail to measure properly either physical
or psychosocial variables or both.

Do Workers Experience LBDs
Because They Are Paid to Act Disabled?

Some papers in the literature appear to dismiss the link berween pain and disability. Most of these
papers clearly state that this notion is restricted to “nonspecific back pain,” noting that specific
diggnoses do impair the ability ot a worker to perform a demanding job, However, some authors
hase their argument on the concept that low back tissue injury heals in 6 o 12 weeks, while
others base their arguments on a behavioral model of chronic pain that is not totally consistent
with the findings of other scientific approaches, A short discussion of the issues and evidence
related to phvs[r:ian diagnaosis, compensation, tissue damage, and pain is necessary.

The pcmnnn that chronic pain and disahility are a function of -:mnpemarmn {and not mechani-
cal factors) 1s contradicted by evidence that low back troubles continue after legal settlement of
injury compensation (Mendelson, 1982). Hadler (1991) believes that the contest berween the
patient and the medical officer charged with determining the compensatory award causes the
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patient to act disabled and thwarts any incentive to act well, Teasell and Shapiro (1998) shared
this r:pininn in a review of several different chronic pain disorders, as did Rainville and colleagues
(1997) in another very nice study that specifically addressed chronic LBP. Hadler has taken the
position that mechanical factors are, for the most part, of little imiporeance in either causing
or rehabilitating bad backs when compared with the psychosocial modulators (e.g., Hadler,
2001). His selectve citation of the literature excludes evidence linking mechanieal overload o
tissue damage and ignores several important intervention studies, For example, Werneke and
Hart (2001) showed that pain patterns upon patent presentation, specifically whether the pain
“centralizes” or not, are much more powerful predictors of chronicity than the psychosocial
variables they studied.

Of the several parties invalved in the compensation system, all wish for a healthy patient.
However, several factors conspire to militate against an optimal process and experience for all.
Some unfortunate patients are rejected from the “comp” system because they fail to get better,
or actually get warse, and are labeled noncompliant. This is largely because the comp system
usnally employs a rehab approach that brings finality to the case. This approach is often known
as “work hardening™ and is charactenized by physical tasks that have a systematic schedule
for increased challenge. Some claim that the type of challenge or exercise or work task is not
important—only thar it be performed. Patients are encouraged to work though the pain. There
15 no guestion that many patients thrive under this approach and are successfully discharged
as employed workers. However, this approach is not for every patient, Typically these sorts of
programs have sigmificant dropout rates. The comp system usually labels these individuals as
“rnoncompliant™ and they are dismissed from payouts. Psychosocial issues are usually given as
reason for their inability to cope. My opinion is different. Many of these individuals have backs
that may be unstable, and the work hardening program incorporares the injury mechanism
as part of the treatment and makes them worse. Buder (eg,, 1991, 2000) has documented for
years that central sensitization mechanisins and secondary hyperalgesia are based on measur-
able changes in nervous structures and thar more pain during movement only heightens the
syndrome. Because corrective exercise has not been preseribed, the tissues are further damaged,
or at least prevented from healing. For these patients we work to eliminate the cause of their
pain and ensure pain-free therapeutic exercises, specifically designed w address their deficits and
the acmal cause of gssoe overload. Even with the most disabled of backs, those cases that have
been classified as failures and labeled with no hope for recovery (e, 0% chance of returning
ty work), this approach gers about 33% back o work.

Thus, although the topic of compensation is important, it is irrelevant in discussions of the
links between loading and LBD. Compensation issues should not be used to arpue against the
existence of a mechanical link between injury and work wlerance or, worse vet, to suggest that
the removal of compensation will eliminate the cause of tissue damage.

Does Pain Have an Organic Basis—Or Is It All in the Head?

Much has been written about the apparent absence of an organic basis for chronic low back dis-
ability (and other chronic pain syndromes). As noted in chapter 1, as high as 85% of disabling
LBD cases are chimed to have no definitive pathoanatomical diagnosis (White and Gordon,
19827, Two conclusions have been proposed:

* Many LBD patients present with “nonorganic signs” sugiresting psychological disturbance
as the cause of their condition,

* Poor diagnostic techniques, either from inadequately trained doctors or from limitations
of widely available diagnostic technology, have precluded the making of many salid diagnoses.

The first conclusion suggests that the correct course of action in these “undiagnosed” cases is
toignore physiological issues and address only psychological or psychosocial factors. The second
conclusion suggests that one should not ignore the possibilities that more thorough diagnostic
techniques could unearth physical causes and that rehabilitation based on that assumption could
be more effective than rehabilitation for psychological disturbance alone. Let’s examine cach
of these arguments,
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Does Absence of Diagnosis Imply Psychological Cause?

Waddell and colleagues wrote many manuscripts and guidelines (e.g., 1980, 1984, 1987) on
nonorganic signs in patients to support the noton of psychological discurbance overnding any
pathoanatomical tissue damage (because none was diagnosed). Yet many of these “nonorganic”
signs are precisely what we will use elinically to detect hypersensitivity to loads that cause pain.
For example, a compressive injury often creates pain under very mild compression when the
person is in a flexed or slouched posture, Light touch and reported pain in a painful region may
indicate a highly centrally sensitized patient, While the nonorganic signs may be very helpful in
defiming risk for surgical candidares, we take the position that they do not indicate psychological
owerlay—in Fact the behavior may be physiologically based. Only a rigorous and complete exam
that includes provocative testing could prm-ide evidence to support the diagnostic hypothesis.

Teasell and Shapiro (1998) wrote a nice summary of an extensive experimental literature
suggesting that these pain symproms may indeed have a physiological basis. They reviewed
the recent science on the spread of neuron excitability and sensitization of adjacent neurons
to explain the sensation of radiating pain in chronic conditions. Changes in neuroanatomy are
coupled with biochemical changes with chronic pain. For example, in fibromyalgia patients,
numerous studies have shown levels of substance “P” in the cerebrospinal fluid elevared two o
three times over that in controls (reported in a review by Teasell, 1997). While the nonorganic
sigms described in Waddell's papers are important considerations in many cases and are a con-
tribution to clinical practice, strong evidence suggests that many nonorganic signs may not he
exclusive of a pathoanatomical mechanism thac has eluded diagnosis.

Some have argued that no link exists between pain and tdssue damage and activity intolerance.
In the absence of no direct evidence, some groups have simply assumed that nociceptive pain that
is not surgically correctable or that has not improved within six weeks should not be regarded
as disabling (e.g.. Fordyce, 1995). In fact, the Fordyce monograph initiated much discussion,
including several letters (e.z., Thompson/Merskey/ Teasell/Fordyce, 1996). Fordyce’s 1996
statements that “the course we are presently on threatens disaster” and that “we change or go
broke” were partcularly revealing. The high cost of reating chronic pain and disahility appears
to have motivated the elevation of the importance of the [.'rwf_humxlal factors so ::lt1|||':aal?,cd in
this monograph, Itis also interesting to observe the absence of any eminent hiomechanical expert
among the author list of the Fordyee report. The Canadian Pain Society stated that the Fordyce
report literature review “is incomplete and does not reflect the contemporary understanding of
chronic low back pain” (Thompson/Merskey/ Teasell/Fordvee, 1996). Moreover, the Fordyce
report largely ignored the evidence linking mechanical overload to measurable changes in spine
biomechanics and spinal pain neuromechanical mechanisms, Another assumpton of the report
was that most spine LBDs are nonspecific, meaning simply that a diagnosis was not made.

Could Inadequate Diagnosis Be a Factor in Nonorganic LBP?

Bogduk and colleagues (1996) argued that pain arising from many spinal tissues can be attributed
to a detectable paintul lesion. For example, the facet joints will produce pain upon stimulation
(MeCall, Park, and (FBrien, 1979). Bogdulks point is certainly correct, However, because notall
lesions are easily detectable, one cannot argue that if a lesion is not detected there is no organic
hasis for pain. For example, fractures and meniscal tears that have been detected in postmortem
studies have not shown radiologically on planar X-ray (Jonsson et al,, 1991; Taylor, Twomey,
and Corker, 1990) or on computed tomography (CT) (Schwarzer et al., 1995). Nor have freshly
produced fractures and articular damage been outwardly detectable radiographically in animal
models (Yingling and MeGill, 2000%. Yet these are the tvpical diagnostic procedures used.
Interestingly, Bogduk and colleagues (1996) and Lord and colleagues (1996) showed tha
injection of anesthetic (placebo-controlled diagnostic hlocks) convincingly demonstrates thar
facet joints are often the site of pain origin, Further, disc sdies examining the pain response of
well over 1000 discs in over 400 people undergoing discography by Vanharanta and colleagues
(1987} (subsequently reappraised by Moneta eal. in 1994 and reported by Bogduk etal. in 1996}
showed a clear and statnstically sigmificant correlation between dise pain and grade 3 fissures
of the annulus fibrosis. Most physicians would probably not detect these deep fissures of the
annulus. In a rigoroes and systematic study of diagnosis based on anesthetic blocks, Schwarzer
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and colleagues (1995) were able to diaghose over 60% of the LBD cases cited in the study by
Bogduk and eolleagues (1996) as heing internal dise disruption (39%), facet joint pain (15%),
and sacroiliac pam (12%). Bogduk and colleagues (1996) stated, “If inappropriate tests such as
EMG and imaging are used, nothing will be found in the majority of cases, falsely justifying
the impression that nothing can be found,” Clearly we must question the statement that 83 %
of LBD cases are idiopathic or have no definitive pathoanatomical cause.

At the World Congress for Lumbopelvic Pain in 1995, Professor Bogduk proposed many
reasons to caution against defaulting to a psychosocial cause of back roubles, which are most
thought provoking:

= First consult: The usual practice of a 10-minute consultis simply poor practice such thar
there is no chanee for a full assessment of cavsal mechanisms,

*  Ewidence-based management: Faith in passive interventions continues, leading to frustra-
tion by all parties given poor efficacy.

*  Issue of cernificate: Rather than engaging patients, uncovering causes of their troubles,
and so on, a clinician makes the decree with the issuance of a certificate for time off, light
iuty, or so forth.

*  Whorkplace intervention: Was the occupationally related cause of the back problem
addressed?

*  Correct treatment: Was the treatment appropriate or more a consequence of convenience
or what may be socially correct?

*  Investigations: Prolonged pain requires thorough investigation. False positives from tests
are an fatrogenic nightmare and their possibility must be considered in these cases.

* ‘Treatment of chronic LEP: Simply the wrong treatment or therapeutic exercise was
pursued.

*  Lodging a claim: Compensation board has made an incorrect decision,
*  Lawvers: Encourage retainment of the disability for maximal claim.
¢ Expert witness: False witness claiming the cause to be psychosocial.

I must admit that L have had to deal with every one of these points while working with patients,
medical management groups, and the legal process, They are important,

Helpful Strategies for Undiagnosed LBDs

Some physicians are clearly frustrated with the delayed improvement of undiagnosed chronic
LBD patients. This frustration, together with concern for the finaneial health of the compen-
sation system, may have motivated the Fordyee report o emphasize psychosocial modulators
rather than organically based variables to explain intolerance to certain types of activity. Bur
dealing with frustration on the basis of false assumprions will not help the situation. Whar, then,
are more useful approaches o undiagnosed chronic cases of LBD?

As noted earlier, many elinicians do not have the expertise or tools to diagnose back troubles ar
a tissue-based level. Provocative testing will enable many physicians to identify painful motions
and loading. By integrating biomechanics with such testing, physicians may be aided in making
functional diagnoses.

In a small study Delitto and colleagues (1993) suppested that appropriately classified back
pain sufferers (those with functional classifications rather than tssue-specific diagnoses) do
herter with specific treatments. Further, as patients progress through the rehabilitation process,
they seem to require different treatment approaches. For example, several studies suggest that
manipulation can be beneficial for acute short-term troubles, while physical therapy and exer-
cise approaches appear better for chronic conditions (Skargren, Carlsson, and Oberg, 1998), A
major limitaton of these studies is that none has assessed progressive treatments that change
as the patient progresses through the rehabiliaton process; rather, they all have assessed only
single treatment approaches. Future studies must assess the efficacy of staged programs in which
categorized patients follow progressive treatment involving several sequenced approaches.
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Epidemiological Studies on Low Back Disorders (LBDs)

Biering-Sorensen (1984) tested 449 men and 479 women for a variety of physical characteristics
and showed that those with larger amounts of spine mobility and less lumbar extensor muscle
endurance (independent factors) had an mereased occurrence of first-time back troubles. Luoto
and colleagues (1995) reached similar conclusions. Muscular endurance, and not anthropometric
variables, appears to be protective,

Some injuries just happen as the result of motor contral errors. (This interesting mechanism
is introduced in chapter 5, where we describe witnessing an injury using videofluoroscopy to
view the spine.) These may be considered random events and may be more likely in people with
poor motor control systems (Brereton and MeGill, 1999,

How Do Biomechanical Factors Affect LBD?

Several approaches have provided evidence into the links herween hiomechanical Factors and
LBD. A few are summarized here.

Mechanical Loading and LBD: Field-Based Risk Factors

Of the epidemiological studies that have focused on kinematic and kinetic biomechanical factors,
a few investigated loading of low back anatomical struetures. These would be considered o be
the strongest evidence, The majority of the studies, however, assessed indirect measures that
are linked o spinal loading such as the presence of static work postures, frequent torso bending
and twisting, lifting demands, pushing or pulling exertions, and exertion repedton. While tssue
overload is the cause of dssue damage and related back troubles, these indirect measures of load
merely act as surrogates, The anraction of using surrogate measures rather than direct rissue
loads per se for LF]dLITIIﬂIHgIL.ll study is that they are simpler to quantify and survey in the field.
However, trade-offs exist mmmglm,thu-du!ugjml utility, biological reality, and robustness. Risk
factors related to specific tissue-hased injury m schasiisns are found in chapter 8.

Several issues should be kept in mind when one is interpreting this literature. Virtually all
reviews of the epidemiological literature (¢.g., Andersson, 1991; Pope, 1989) have noted that
specific job titles and types of work are associated with LBD (although LEI is defined differently
in different studies). In parricular, jobs characterized by manual handling of matenials, sitting in
vibrating vehicles, and remaining sedentary are all Iimked with LED. However, this type of data
does not reveal much about the links between specific characteristics of the work and the risk of
suffering LBD:; specifically, a dose-response relationship has not been elucidared. Furthermore,
a review of 57 papers that surveyed LBDs revealed no consistency berween specific risk factors
and the development of those disorders (Ferguson and Marras, 1997). This review demonstrated
the large differences in the way surveillanee was performed and in risk factor measurements. We
are reminded once apain that epidemiological approaches alone will not elacidate the biological
pathway of the development of LBIDs, a process that must be understood 1o develop optimal
prevention and rehabilitation strategies.

As noted, the majority of specific risk factors that are addressed in the epidemiological lit-
erature (which is surprisingly sparse) are really surrogate factors, or indirect measures, of spine
load. These surrogate factors are staric work postures; seated work postures; frequent bending
and twisting; lifting, pulling, and pushing; and vibration (especially seated).

» Static work postures. Research has suggested that work characterized by static postures
is an LBD risk factor. While many studies have suggested a link with static work, the key paper
on this topic was presented by Punnett and coworkers (1991), who reviewed 1995 back injury
cases from an auto assembly plant. Analyzing jobs tor postural and lifing requirements, they
found that LBDs were associated with postures that required maintaining mild trunk flexion
(defined as the trunk flexed forward from 21° ta 45%) (odds ratio = 4.9), postures involving
maintaining severe trunk flexion (defined as the trunk being flexed forward greater than
45°) (odds ratio = 5.7), and postures involving trunk twisting or lateral bending greater than
207 (odds ratio = 5.9), Their results suggested that the risk of back injury increased with
exposure to these deviated postures and with inereased duration of exposure. Deviated postures
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greatly increase low back tissue loading, particularly when they must be held (Marras etal,, 1993;
MeGill, 1997),

* Seated work postures. Kelsey (1975) linked the seated work posture to a greater risk of
LBD. In a more recent study, Liira and colleagues (1996) suggested that although white collar
(sedentary) workers who must sit for long periods have a greater risk of low back troubles (8%
increase in odds risk), active blue collar workers gain some prophylactic effect from sitting down
(14% reduction in odds rlak} This suggests that variable work, and not too much of any single
activity, may have merit in reducing mechanically induced low back troubles.

* Freguent bending and twisting. The ULS. Department of Labor report (1982) and many
more studies (summarized by Andersson, 1981; Marras et al,, 1995; Punnett et al, 1991; Snook,
1982) noted the increased risk of LBD from frequent hending and twisting. In fact, Marras
documented in several studies the increased risk of LBD with higher torso velocities (e.g., Marras
et al, 1993, 19953, (Note that this 15 isolated spine motion and not nonspecific torso moton.)
While these studies did not examine 4 mechanism to explain a link with LBD, the associated
muotion within the spine will be shown in chaprer 5 1o form a pathomechanism for very specific
disabling LBDs.

* Lifting, pulling, and pushing. The National Institute for Occupational Safety and Health
report (NIOSH, 1981) provides 4 good review linking activities requiring lifting, pushing, and
pulling with increased risk of LBLD,

* Vilration, Finally, vibration, particularly seated vibraton, is linked to elevared rates of
LBD (e.g., Kelsey, 1975; Pope, 1989).

* Generation of spine power. The concepr of power (force times velocity, or in the context
of the spine, spine hending velocity with simultaneous muscle force) has not heen well formulated
hecause itis a variable that is calculated rather than directly measured. However, it appears that
when the spine muscles are required to generate high forces, the motion needs to be very slow
or static to reduce the risk. On the other hand, if the bending velocity is high, then the muscle
furces need to be low. Either way, low power 1s required to minimize risk. This is substantiated
by professor Marras” work linking velocity and acceleration to higher risk. In addition, in our
own lahoratory work we have begun experiments loading people’s spines isometrically and then
with ditferent comhbinations of load and mation. We had to abandon the experiments due to
pain generated when higher power levels were reached.

While all of the risk factors noted here have been epidemiologically linked with an increased
incidence of LB, a subsequent section on dssue damage will provide insight into the mecha-
nisms linking mechanical overload, the onset of pain and disability, and the natural history of
these injuries as they pertain to job performance.

What Are the Lasting Physiological, Biomechanical,
and Motor Changes to Which Injury Leads?

The following discussion of recent studies illustrates the substantial literature documenting
specific performance deficits and subsequent anatomical changes in LBP populations,

v Several studies have documented a change in muscular function afier injury (nicely sum-
marized in Sterling, Jull, and Wright, 2001). These include, for example,

- delaved onset of Ei]EJL'IhE torso muscles during sudden events {I-lndges and Richardson,
1996, 1999) that tay impair the spine’s ability to achieve protective stability during
situations such as slips and falls;

- changes in torso agonist-antagonist activity during gait (Arendt-Nielson et al,,
1995
- inhibition of back extensors in the presence of pain (Zedka er al,, 1999); and

- asymmetric muscle output during sokinetic torso extensor efforts (Grabiner, Koh,
and Ghazawi, 1992) that alters spine tssue loading.
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YOUR BACK WILL
BE FINE LIFTING THESE
300 LB BOXES --
I'LL GIVE YOU A
600D EMPLOYEE
REPORT!

* Anatomical changes following low back injury include asymmetric atrophy in the mul-
tifidus (Hides et al., 1994) and fiber changes in the multifidus even five vears aler surgery
(Rantanen et al,, 1993). Further, in a very nice study of 108 patients with histories of chronic
LBD ranging from four months to 20 years, Sihvonen and colleagues (1997) noted that 50% had
disturbed joint motion and 75% of those with radiating pain had abnormal electromyograms wo
the medial spine extensor muscles,

= F mall}, a recent study of those with a history of low back troubles has shown a wide variety
of lingering deficits (MeGill et al, 2003). The back troubles were sufficient to cause work hm,
but the subjects had heen back o work far an average of 270 weeks. Generally, those with a
history of troubles were heavier and had disturbances in the flexor/extensor ~.tn_ngth ratio and
the flexor/extensor endurance ratio together with the lateral bend endurance rato, had dimin-
ished gross flexion range of lumbar motion, and had lingering motor difficulties compromising
their ahility to balance and bend down to pick up a light ohject. None of these changes could
be considered wood,

The broad implication of this work is that a history of low back trouble. even when a sub-
stantial amount of tme has elapsed since the trouble, is associated with a variety of lingering
deficits such that a multidisciplinary intervention approach would be required w diminish their
presence. This collection of evidence is quite powerful in documenting pathoneuromechanical
changes associated with chronic LBD. These changes are lasting vears—not 6 to 12 weeks!

What Is the Optimal Amount of Loading
for a Healthy Spine?

Lucid interpretation of the data in the epidemiological literature is limited by the faet thar the
levels ar which nssue damage oceors remain obscure. Many are concerned with the known
tissue damage that occurs with high magnitudes of load, repetition, and so on. For example,
Herrin and colleagues (1986) found thar musculoskeletal injuries were twice as likely if the
worker’s lumbar spine was exposed to compressive forces that exceeded 6800 N (predicted with
a hiomechanical model). On the other hand, several of the epidemiological studies have not
heen able to support a link between heavy work, when crudely measured, and the risk of LBD
(e.g.. Bigos eral,, 1986; Porter, 1987). Mitigating factors appear to include repetition of similar
movements and variety in work.
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In the discussion of the U-shaped relationship between activity levels and LBD discussed in
chapter 1, we saw that stress ar optimal levels strengthens the system, while too lictle or too much
i5 detrimental to health. Kelsey (1975) demonstrated a greater than expected increase in dise
protrusions among sedentary workers. While many consider sitting a “low-load” rask, in fact it
creates damaging conditions for the disc—the mechanism of which will be explained in chaprer
5. This has obscured the emergence ofa much clearer relationship among biomechanical load-
ing, disc herniation, clinical impressions, and the ability o perform demanding work. Further,
Videman and colleagues (1990} studied a cross section of retired workers by comparing their
LBD history with their magnetic resonance imaging (MRI) scans. A history of back pain and the
visible parameters of spinal pathology were least prevalent in workers whose jobs had included
moderate activity and most prevalent in workers with either sedentary or heavy work.

Many studies compare just two levels of work—for example, light versus heavy, light versus
moderate, or moderate versus heavy, Because any relationship other than a seraight ine requires
more than two poimts (or levels of activite or levels of loading), such studies cannot illustrare
the U-shaped reladonship. Consider the data compiled in a thorough epidemiological study
reported by Liira and colleagues (1996) of LBD prevalence and physical work exposures. Even
though the authors considered only the upper levels of excessive loading, they concluded that
ome-quarter of excess back pain morbidity could be explained by physical work exposures. The
real possibility remains that this is an underestimate,

Furthermore, the nature of LBD appears to be affected by the type of work. Videman and
colleagues (1990) noted a tendency among those who had had sedentary careers to have marked
dise degeneration in later years, while those who had performed heavy work (defined as not
only lifting but also requiring large trunk motions) tended to have classic arthritie changes in
the spine (stenosis, osteophytosis, erc.). In a similar study, Battie and colleagues (1995) repurred
an apparent contribution of genetic factors to various age-related changes in the spine nsing
monozygotic twins, given significantly greater similarities in spinal changes than would be
expected by chance.

Porter (1987, 1992 ) performed mwo stodies ﬁn‘thering the notion of an optimal loading level
for health, The first study tracked miners and nonminers wreated at hospitals for back pain.

While significantly more miners reported for back trouble compared with nonminers, signifi-
cantly fewer were diagnosed with dise protrusions, while significantly more were reported
have stenosis and nerve root entrapment (conditions associated more with the arthritic spine
according to the data of Videman, Nurminen, and Troup, 19900 The second study evaluated
questionnaire results from 196 patents with symptomatic dise protrusion and 53 with root
entrapment syndrome. They were asked about their history of heavy work between the ages of
15 and 20 years. Significantly more subjects with disc protrusion had done no heavy physical
work in those early vears. By contrast, more of those with nerve entrapment syndrome had done
five full years of heavy work between 15 and 20 years of age. These collective data suggest that
different work demands cause different spine conditions and perhaps that the optimum loading
is different for different tissues. Nonetheless, the optimum activity appears to be varied work
at a moderate level between sedentary and heavy work.

What constitutes an optimum load—a load that is not too much, not wo litde, not wo
repetitive, and not too prolonged? Currendy, we are in need of assessment tools for determining
optmum load to guide the intervention toward optomum health,

What Are the Links
Between Personal Factors and LBD?

Some personal factors such as muscle endurance (not strength) and less spine range of motion
(not more) are prophylactic for future back troubles. These will be addressed in part I, *Low
Back Rehabilitation.” A few other personal factors are noted here.

A few specific personal factors appear to affect spine tissue tolerance according to the existing
literature; age and gender are two examples, Jager and colleagues (1991) compiled the available
literature on the tolerance of lumbar motion units to bear compressive load that passed their
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inclusion criteria. Their results revealed that when males and females were matched for age,
temales were able to sustain only approximately two-rhirds of the compressive loads of males.
Furthermore, Jager and colleagues’ data showed that within a given gender, the 60-year-old
spine was able to tolerate only about two-thirds of the load tolerated by the 20-year-old spine.
Keep in mind that age and gender are very simple factors.

It appears that other personal factors, such as poor motor control system “fitmess,” can lead
to a back injury during ordinarily benign tasks such as picking up a pencil from the floor. The
modeling data of Cholewicki and MeGill (1996) suggest that the spine can easily buckle during
such a task. When the muscle forces are inherently low, a small motor error can eause rotation
of a single spinal joint, placing all bending moment support responsibility on the passive tissues.
Such scenarios do not constitute excessive tasks, but patients often report them to clinicians as
the event that caused their injury. This phenomenaon will not be found in the scientific literature,
however. Many medical personnel would not record this event as the cause of injury since in
many jurisdictions it would not be deemed a compensable injury. These types of injuries seem
to be more mfluenced by the fimess of an individual 5 motor control system than by factors
such as strength, MeGill and colleagues (1995) noted that people differ in their ability to hold
a load in their hands and breathe heavily. This is very significant since the muscles required 1o
he continuously active to support the spine (and prevent buckling) are also used to breathe by
rhythmically contracting. Those who must use their muscles to breathe in this way sacnfice
spine stability. Interestingly, we have measured changing strategies in those with compromised
lung elasticity (smokers, emphysemics, ete.) who use their back extensors to assist with lung
inflation, resulting in the perverse effect of enhancing stability at the expense of wearing down
the endurance capacity of their back muscles (Wang et al., in press). All of these deficient motor
control mechanisms will heighren hiomechanical susceptibility to injury or reinjury (Cholewicki
and MeGill, 1996) and are highly variable personal characteristics.

Additional factors other than simple load magnitude appear to modulate the risk of tissue
damage. T"he mechanism of disc herniatdon provides an example. While disc herniations have been
produced under controlled conditions (e.g., Gordon et al., 1991), they have not been produced
consistently, Our lab has been able to consistently produce dise herniations by mimicking spine
maotion and load patterns seen in workers (Callaghan and MeGill, 2001). Specifically, it appears
that only a very modest amount of spine compression foree is required (only 800-1000 N, but
the spine specimen must be repeatedly fexed—mimicking repeated torso-spine flexion from
continual bending to a fully flexed posture. The main relevance for this issue is that the way in
which workers elect to move and bend will influence the risk of disc herniadon. This highlights
the need to examine how workers move in standardized tests at the bepinning of their careers
while they still have “virgin™ hacks, making it possible to determine cause and effect. Recemt
evidence suggests that those with a history of back troubles are more likely to lift flexing the
spine and not the hips, increasing the risk of future back damage (McGill et al,, 2003).

What the Evidence Supports

I surnmary, it is interesting to consider why only some workers become patients, There is no
question that damage to tissue can be caused by excessive loading, and damage causes pain. How-
ever, pain is a perception thatis modulated by psychosooal variables in addition to physiological
injuty. Clearly both psychosocial and biomechanical variables are associated with LBD and are
important in preventing low back injury and the ensuing chronicity; collectively the evidence
from several scientific perspectives is overwhelming. The relative importance of either is often
difficult to compare across studies as the metrics for each are different—biomechanical variables
are reported in newtons, newron-meters, numbers of cvcles, and so forth, while psychosocial
variables are reported in ordinal scales linked to pereeption (independent risk factors can be
compared using odds ratos). Some influential reports have ignored biomechanical evidence and
promoted psvchosocial variables as being maore important. However, no study of psychosocial
variables has been able to conclusively establish cansal links—only association. Some biomechani-
cally based studies, rogether with the chronic pain literature, are strongly convincing in their
establishment of both association and causality. Thank goodness! We can now proceed.
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Back injury can begin with damage to one tissue, but this changes the biomechanical function
of the joint. Tissue stresses change and other rissues become involved, leading to progressive
deterioration with time. Tissue damage does not always resalt from too high a load magnitude.
In the case of disc herniation, repetitive motion, even in the absence of large loads, seems to be
a significant causative mechanism. The notion that tissues heal within 6 1o 12 weeks and that
longer-lasting work intolerance has no pathoanatomical basis appears to be false; tissue injury
data and the science of chronic pain mechanisms strongly sugest otherwise.

Understanding the role of biomechanical, psychosocial, and personal factors together with
their interrelationships will build the foundation for better prevention in the future. The chal-
lenge is to develop variable tolerance guidelines, psychosocial guidelines, and higher-level
medical practice codes,

On halance the evidence supports the following statements:

Biomechanical factors are linked to both the incidence of first-time low back roubles
and absenteeism, and subseguent episodes.

Psychosocial factors appear to be important as well bur may he more relared to episodes
after the initial hack-related episode.

Psychosocial and biomechanical factors appear to influence each other, in terms of both
causation of work absence and the course of recovery,

Treatment to reduce back pain often leads to a reduction in psychosocial 1ssues, not the
other way around. There is overwhelming evidence that once patients can obtain a sound
night’s sleep and can eliminate low-level chronic pain, their psychological constitution
and mental toughness return.

The relationship between loading and LBDs appears to be a U-shaped function with the
optimal loading being at a moderate level,

Low back tissue damage can initiate a cascade of changes that may canse pain and intol-
erance to certain activities, and these changes may be disruptive for up to 10 years in an
unfortunate few,

Many types of tissue damage can escape detection in vivo, Even gross damage visible
during dissection is often not visible on medical images. Thus, nonspecific diagnosis
does not rule out the presence of mechanical damage and must not be used ro imply thar
mechanical frerors are not related to LED,
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CHAPTER 4

Functional Anatomy
of the Lumbar Spine

he average reader of this hook will have already studied hasic anatomy of the spine. This

chapter begins by revisiting some anatomical features, possibly in 2 way not previously con-
sidered. Then these features will be related w normal function and injury mechanics o lay the
foundation for the prevention and rehahilitation strategies thar follow. [ helieve that clinicians
and scientists alike who specialize in low back roubles do not devote sufficient effort to simply
considering the anatomy. The answers to many guestions relevant to the clinician can be found
within an anatomical framework, wherein lies the “mechanical” foundation for preventing and
rehabilitating back troubles. The understanding of injury mechanisms presented here will help
ensure that vou do not unknowingly include injuryv-exacerbating maneuvers in therapeutic
exercise prescriptions.

Basic Neural Structure

The greatestathletes who are elite performers, and who avoid injury, are very wise in understand-
ing the process of activating muscles and groups of muscles, They are masters at using imagery 1o
control the motor unit recruitment process, We study these individuals to learn their processes
so that we can employ these techniques with people who have pJLnl:ul backs. The basics of what
you nieed to know ahout neural integration, some of which are introduced here, can be found
in wonderful resources such as Kandel, Schwartz, and Jessell (2000},

Motion may oceur from a conscious thought in the brain that instigates muscle activation,
or the activation may result from a more subconscious process involving an encoded pattern
thoughr to reside in the spinal cord. Traumaric events can recode these parterns to pertarbed
states, as can chronic and acute pain. Re-recoding these permurbed patterns back to normal is
an issue addressed in the third section of this book.

Better links between neuroanatomy, neurophysiology, and rehabilitation and training can he
found in my vexthook Ultimare Back Fitnes and Perforniance (2006). Several relevant discussions
illustrate, for example, why machines cannot create the many variations of force development
within a muscle to stimulate all motor units. In the torso, for example, the ohlique muscles have
many neuromuseular compartments that must be stimulated with demand. Slow and isolationist
approaches typical of hodybuilding do not offer a rich proprioceptive environment providing
variable morion, balance, force projection, and direction challenges involving the full linkage.

Another aspect for designing the best manual therapies is based in neurnanatomy. While a
wonderful neuroanatomical source is David Butler’s hook The Sensitive Nervous Systern (2000),
an introduction to the concepts is attempted here. Often, pain that is attributed to muscle
turns out to be neurogenic pain. The tests deseribed later in this book are founded on several
principles, Anatomically, the spinal cord and all nervous tissues linked in serfes (lumbar nerve
roots, the sciatic nerve, erc.) can be tensioned, released, mohilized, and Aossed with specific and
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coordinated joint motions. Tenstoning nerves only causes more pain—neurogenic pain cannot
be stretched away. Sadly, too many patients with “tight hamstrings” or sciatic symptoms pursue
stretching programs that produce only tempaorary relief, This relief results from the activation of
the strerch reflex in the back extensor muscles, but it typically lasts only about 20 minutes. The
pain and stiffness return. It is often possible to break the eycle by replacing the stretching with
neural *mobilization.” Butler describes well the henefits of mobilizing a nerve along its entire
tract together with the mechanics that create local tensions. With coordinated cervical, hip,
knee, and ankle motion, the lumbar nerve roots, cauda equina, and sciatic tract can be mobilized
and Nossed withour tensioning (shown in chapter 123, We have too many cases of intransigent
seiatica cured with this approach to ignore it

Vascular Anatomy

All spinal vissues have a vascular supply with the exceprion of the disc. The implicadons of the
avascular nucleus are described in the disc section of this chapter. The curious case of vertebral
veins is introduced here. The veins leaving the vertebral hodies are the only veins in the body
known to lack valves. Venous valves prevent backflow of blood. But as will be shown shortly
in the discussion of vertebral mechanics, this anatomic feature is critical. Tt appears that the
veins act as a hydraulic outler from the vertehral body, enabling the expulsion of blood under
high compressive loading. In this way both the arteries and the veins may provide a protective
mechanism and the uldmate hydraulic shock dampening system.

The Vertebrae

As you undoubredly know, the spine has 12 thoracic and five lumbar vertebrae. The construc-
ticm of the vertebral badies themselves may be likened o a barrel with round walls made of
relatively stiff cortical bone (see Hgure 4.1). The top and bottom of the barrel are made of a
more deformable cartilage plate ({end plate) that is approximately 0.6 mm (0,002 in.) thick but
thinnest in the central region {Roberts, Menage, and Urban, 1989). The end plate is porous
tor the transport of nutrients such as oxygen and glucose, while the inside of the barrel is filled
with cancellous bone. The trabecular arrangement within the cancellous hone is aligned with
the stress trajectories that develop during activity. Three orientations dominate—one vertical
and two oblique (Gallois and Japoit, 1925) {see figure 4.2).

Vertebral Architecture and Load Bearing

The very special architecture of the vertebral bodies determines how they bear compressive load
and fail under excessive loading. The walls of the vertebrae (or sides of the barrel) remain rigid
upon compression, but the nuclens of the dise pressurizes (the classic work is by Nachemson, 1960,
1966) and causes the cartilaginous end plates of the vertebrae w bulge inward, seemingly to compress
the cancellous hone (Brinckmann, Biggemann, and Hilweg, 1989). In fact, under compression the
cancellons bone fails first (Gunning, Callaghan, and MeGill, 2001), making it the determinant of
failure tolerance of the spine (at least when the spine is not positioned at the end range of motion).
It is difficult to injure the dise annulus this way (annular failure will be discossed later).
Although this notion is contrary to the concepr that the vertebral bodies are rigid, the fune-
tional interprexation of this anatomy suggests a very clever shock-absorbing and load-bearing
system. Farfan (1973) proposed the notion that the vertebral bodies act as shock absorbers of the
sping, although he based this more on vertebral body fluid flow than on end-plate bulging. He
suggested that the dises were not the major shock absorbers of the spine, contrary to virtually any
texthook on the subject. Since the nuclens is an incompressible fluid, bulging end plates suggest
fluid expulsion from the vertebral hodies, specifically blood through the perivertebral sinuses
(Roaf, 196(). This mechanism sugpests a protective dissipation upon quasistatic and dynamic
compressive loading of the spine. The case study literature abounds with compression fractures
of the vertehral hody during dynamic loading where the disc remained intact (for example, during
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Figure 4.1 The parts of a typical lumbar vertebra.

Image courtesy of Primal Pichares,

Figure 4.2 The arrangement of the trabeculae (first noted by Gallois and Japoit in 1925) is aligned with the domi-
nant trajectories of stress. (a, b, ¢/ The three trabecular systems.
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tobogganing and sledding [Kelly and Robinson, 2003]). More vertebral body-based shock-
ahmrhing mechanismsare docomented subsequently. In SUmMAry, the common statement found
in many texthooks that the discs are the shock absorbers of the spine now appears questionable;
rather, the vertebral bodies appear to play a dominant role in performing this function.
Deformable vertebrae is a new notion for many. How do the end plares bulge inward into
seemingly rigid bone? The answer appears to be in the architeeture of the cancellous bone. Ver-
tebral cancellous bone structure is dominated by a system of columns of bone (shown in figure
4.2) thar run vertically from end plate w end plate. The vertical columns are tied wgether with
smaller transverse trabeculae. Upon axial compression, as the end plates bulge into the vertebral
bosdies, these columns experience compression and appear to bend. Under excessive compressive load,
the bending columns will buckle as the smaller bony transverse trabeculae fracture, as documented
by Fyhrie and Schaffler (1994) (see figure 4.3). In this way, the cancellous bone can rehound back to
its original shape (at least 95% of the original unloaded shape) when the load is removed, even
after suffering fracture and delamination of the transverse trabeculae. This architecture appears
tio afford excellent elasoc deformation, even after marked
damage, and then to regain its original structure and fune-

Understanding Vertebral
Mechanics

To truly appreciate vertebral behavior |
encourage you 1o obtain a vertebra from
a butcher (bovine or porcine is ideal).
Hold the vertebra end plate to end
plate between your thumb and finger
and squeeze, If you have never done
this before, you will be amazed by the
deformation and elasticity. The verte-
bra experiences similar deformation as
the incompressible nucleus of the disc

presses over the central end plate during

spine compression in vivo,

tion as it heals, Damaged cancellous fractures appear o
heal quickly, given the small amount of ostengenic actvity
needed, at least when compared with the length of ome
needed o repair collagenous tissues.

Microfracturing of the trabeculae can occur with
repetitive loading at levels well below the failure level
from a single eyele of load. Lu and colleagues (2001}
demonstrated that cyclic loading at 10% of ultimate
failure load caused no damage or change in stiffness; but
with 20,000 cveles of load at 20% o 30% of the ultimare
failure load, both stiffness and energy absorbed ar failure
were decreased, Highly repetnve loads, even at quire low
magnitudes, appear to cause microdamage.

The osteoporotic vertebra is characterized by mineral

loss and declining bane density in the trabeculae. Because
transverse rrabeculae are far fewer in number than lon-
gimudinal trabeculae and because they are generally of
smaller diameter, the transverse trabeculae specifically are
the target for mechanical compromise with osteoporotic
mineral loss (Silva and Gibson, 1997) (see figure 4.4).
Interestingly. the same authors noted a higher tendency
for the transverse trabeculae o disappear in females with
greater incidence than in males. This loss in mechanical
integrity of the transverse trabeculae has a great influ-
ence on the compressive strength of the vertebrae via
the mechanism described earlier. Thus, the osteoporotic
vertebra begins to slowly collapse when exposed to exces-
sive load, with serial buckling of the columns of bone
ultimately developing the classic wedge shape.

It is interesting to contrast the other extreme of the
bone density spectrum. The transverse trabeculae har-
vested from specimens who performed heavy work (in
particular, weighdifters) were thick and dense. In addi-
tion, where the mansverse trabeculae intersected with
the vertical columns, the joints were characterized by
heavy bony gusseting, similar to what a welder would
weld to strengthen a right-angled joint. The transverse
trabeculae appear to be crucial in determining compres-
sive strength,

Figure 4.3 Under compressive loading, bulg-
ing of the end plate causes buckling stresses in
the vertical rabeculae, which, when excessive,
cause damage in the transverse trabeculae,
MNote (&) the vertical (from compression) and (b}
horizontal (from tension} cracks in the transverse
trabeculae.

Reprinted trom Bone, Vol 1500), Fyhrig and Scheffler “Failure
mechanisms in human werbcbeal cancelbous b-orm." RS- 10, l_.rnp',--
tight 1984, with permission of Elsevier Science.
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Yet another ohserved failure mecha-
nism of the vertebral body is termed
the “slow crush,” im which extensive
trabecular damage is observed without
concomitant loss of stiffness or abrupt
change in the load-deformation rela-
tionship (Gunning, Callaghan, and
MeGill, 2001) (see figure 4.5). Since
slope change in the load-deformation
relationship is often used o identify the
vield poing, or the initial tissue damage,
this injury can go unnoticed. Interest-

39

ingly enough, vertebrae failing under  Figure 4.4 With aging, the transverse or horizontal trabeculae thin
ever-increasing compressive load will  and eventually lose their ability to support the vertical trabeculae,
gradually increase in stiffness, a testa-  which can then buckle, causing vertebral collapse, (a) A healthy
ment to the wonderful architecture of  trabecular bone network from a 47-vear-old woman. (b} Perforation

the transverse and vertical trabeculae. in a horizontal trabecula in an elderly woman.

Also interesting is the load-rate depen-  Reprinted from e, Vol, 21, M. Sifva and L], Gitsan, “Modeling the mechanical behayios
dence of hone stmngﬂ't, a5 the end plal'e of vertabral rabsecabar bome: Biiocts of age-relaled clanpes in microstruchore.” s, 141-199;

, Copyright 1997, with permilssion from Elsevies Sciemce.
appears to fail first at low load rates “™"" R :

while the vertebral bony elements fail at higher load rates (see figure 4.6).

Both the dise and the vertebrae deform while supporting spinal loads. Under excessive
compressive loading, the bulging of the end plates into the vertebral bodies also causes radial
stresses in the end plate sufficient to cause fracture in a stellate pattern (see figure 4.7). These
fractures, or cracks, in the end plate are sometimes sufficiently large to allow the liquid nuclens
to squirt through the end plate into the vertebral body (MeGill, 1997) (see figures 4.8 and 4.9).
Sometimes a local area of bone collapses under the end plate to ereate a pit or crater that goes
on to form the classic Schmorls node (see figure 4.10, a-h). This type of injury is associated with
compression of the spine when the spine is within the neutral range of motion (i.e., not flexed,
bent, or twisted). In my experience, this type of compressive injury is very comman and often
misdiagnosed as a herniated dise due o the flattened interdiscal space seen on planar X-rays.
However, note that in end-plate fractures, the annulus of the dise remains intact. It is simply a
case of the nucleus leaving the disc and progressing through the end plate into the cancellous
core of the vertebra (sometimes referred to as a vertical herniadon). Over the years we have
compressed over ) spinal units in a neatral postuare, and all bue owo resulved i end-plate
fractures as the primary tissue damage.
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Figure 4.5 (a) Massive trabecular damage found during the dissection and removal of marrow lollowing an excessive
“slow crush™ compressive load, (b) Higher magnification of the crush fracture. Even this massive fracture was not clear on

X-ray or any other examination method,

R{-p-rinh-d from Clhinfee Brevnechanics, Mol Thibi ). Gunninﬂ. I !_'..cl”aghan. and % MGl *The role of pfinr J-n.lding hisl;q,u"- anl 1.1.n'n.1| pasture an the rnmprr'“iw‘
tolerance and fype of Bilure in the spine using a porcime rauma medel,” 47 1-180. Copyright 2000, with peomission of Elsevier.
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Figure 4.6 Compression injuries at different load rates. At low rates of compressive load the end
plate appears to be the first structure to fail, but bone will fracture first under higher rates of load.

Figure 4.7 Stellate-patterned end-plate fracture (indicated with arrow) occurs as the nucleus s
pressurized under compressive load, which causes it to bulge the end plate, imparting tensile stresses,

End plate <

MNuclaus

Figure 4.8 Under compressive loading the nucleus pressurizes, cavsing the end plate to bulge into the vertebral body.
With excessive radial-tensile stress the end plate will fracture and the viscous nucleus will squirt through the crack into

the vertebral body,

a0
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Figure 4.9 Following a more severe end- Figure .10 In addition to end-plate fractures, other injuries
plate fracture, a portion of the nucleus has to the end plate under compressive load include (a) "pits,”
squirted through into the vertebral body which occur as rabecular bone fractures in small areas under
{shown at the tip of the scalpel and the the end plate, These go on to form Schmaorl's nodes. (b} A
arrow). This is a porcine specimen. Schmorl's node is shown at the tip of the arrow.

Audapiteel Fram WL Kirkabch-Wilkis and OV Buston, 73, Managing low back pain,
3ed ed. Copyright 1963, with permisséon from Elsevier.

End-Plate Fractures

ui

In my experience, end-plate fracture with the loss of nuclear fluids through the crack into the vertebral body
(often forming Schmaorl’s nodes) is a very common compressive injury and perhaps the most misdiagnosed. Loss
of the disc nucleus results in a flattened interdiscal space that when seen on planar X-rays is usually diagnosed
as a herniated disc or “degenerated disc.” However, the annulus of the disc remains intact. It's simply a case
of the nucleus squirting through the end-plate crack into the cancellous core of the vertebra, True disc hernia-
tion requires very special mechanical conditions that will be described shortly. When compressing spines in
the lab, we hear an audible “pop” at the instant of end-plate fracture—exactly what patients report when they
describe details of the event that resulted in their pain. | also strongly suspect that some fractures are somewhat
benign in that no immediate severe pain occurs, Others, however, may be instantaneously acute; it depends
on the biomechanical changes that accompany the fracture. If there is substantial loss of the nucleus from the
disc (i.e., it is vertically herniated), then immediate loss of disc height and subsequent compromise of nerve
root space will result, At this point the end-plate fracture will mimic the symptoms of true herniation—another
reason for the common misdiagnosis.

Posterior Elements of the Vertebrae

The posterior elements of the vertebrae (pedicles, laminae, spinons processes, and facer joints)
have a shell of cortical bone but contain a cancellous bony core in the thick sections, The trans-
verse processes project laterally together with a superior and an inferior pair of facet joints (see
figure 4.1). On the lareral surface of the bone thar forms the superior facets are the accessory
and mamillary processes that, together with the transverse process, are major attachment sites
of the longissimus and iliocostalis extensor muscle groups (described later). The facet joints are
typical synovial joints in that the articulating surfaces are covered with hyaline cartilage and are
contained within a capsule. Fibroadipose enlargements, or meniscoids, are found around the
rim of the facet, although mostly at the proximal and distal edges (Bogduk and Engel, 1984),
which have been implicated as a possible structure thar could “bind” and lock the facet joint
(see figure 4.11, a-b).

The neural arch in general (pedicles and laminae) appears to be somewhat fexible. In fact,
Bedzinski (1992) demonstrated flexibility of the pars interarticularis during flexion-extension of
cadaveric spines, while Dickey and colleagues (1996) documented up to three-degree changes of
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The Posterior Elements of the Vertebrae Are Flexible

in “Uinderstanding Vertebral Mechanics” on page 38, | recommended obtaining a vertebra from the butcher.
Crasp the vertebral body in one hand and the whole neural arch in the other. Bend the arch up and down and
note the flexibility. This flexural displacement oceurs in each cycle of full spine flexion-extension common in
events such as women’s gymnastics (figure 4.12). If this cycling continues, the stress reversals will eventually
cause a fatipue crack in the pars. Further repetition will cause the erack to propagate through the full width of

the pars, eventually resulting in fracture—and in vivo, the condition of spondylolisthesis.

Spinous process

|nferior
articular

the right pedicle with respect to the lefr pedicle
during quite mild daily activities using pedicle
screws in vivo, Failure of these elements together
with facet damage, leading to spondylolisthesis, is
sometimes blamed exclusively on anterior-poste-
rior shear forces. However, a case could be made

PIOCESS  from epidemiological evidence in athletes such as
Distal Proximal pymnasts and Australian cricket bowlers (Hard-
edge edge castle, Annear; and Fosver, 1992) that the damage
to these posterior elements may also be associated
a with full range of motion. In fact the faster the
bowler, the higher the risk of fatigue fracture
_ e (Ranawatet al.,I}‘_H{H}. The cyclic fu E! spine ﬂe?n'nn
Fibroadipose and extension in these sorts of activities fatigue

Superior meniscoids the arch with repeated stress [t.'.‘r't."r‘.ialh.
articular On the other hand, there is no doubt that
process Cancallons excessive shear forces cause injury to these pos-
GG /__"_,.f"bu.w core t::n'ur_ vertebral elements, Pufjttr;iur shear of the
bony core superior vertebrae can lead to ligamentous damage
Madial bur also failure in the vertebra itself, as the end
Lateral side plate often avulses from the rest of the vertebral
side body (Yingling and McGill, 1999h) (see figure
4.13). Both our lab ohservations and discussions
Inferior Intervertebral ik international colleagues have reinforced our
articular e suspicion that this type of failure may be more
Transverse process common in the adolescent and geriatric spine
process than in the young and middle-aged adule spine.

b Further work is needed for confirmation,

Cripton and eolleagues (19935) documenred
Figure 4.11  fa/ Lateral view of the inferior articular  thar anterior shear of the superior vertebra causes

process, revealing the facet, the fibroadipose meniscaoids,
and the adipose tissue pad, which have been implicated
in joint binding, (b) Cross section of the posterior view of
the facet joint, showing the pasitions of the fibreadipose
meniscoids and the adipose tissue pads in the joint.

Rl:-g:-li:lm'd. by permission, roem B Behnke, 2005, Kinedis pnadimy Fived wcl.
tChampaign, IL: Human Kinetlesr, 127,

pars and Facet fracture leading to spondylolisthesis
with a typical tolerance of an adult lumbar spine
of approximately 2000 N. Although similar injury
mechanisms and tolerance values were observed
in voung porcine spine specimens {Yingling
and MeGill, 199%a, 1999%h), the type of injury
appeared to be modulated by loading rate. Specifi-

cally, anterior shear forces produced undefinable soft tissue injury at low load rates (100 N/s),
but fractures of the pars, facet face, and vertebral body were observed at higher load rates (7000
N/s} Posterior shear forces applied at low load rates produced undefinable soft tissue failure
and vertehral body fracture, while those forces at higher load raes produced wedge fractures

and facet damage.

While shear tolerance of the verrebral motion unit appears to be in the range of 2000 1o 2800
for one-time loading, Norman and colleagues (1998) noticed an increase in reported back pain
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Figure 4.12  Repetitive gymnastics moves such as this cause stress-strain Figure 4.13 Shear injuries include

reversals in the pars. In sufficient numbers they will result in fatigue frac- fracture of the facet base and, on

ture—Ileading to spondylolisthesis. nccasion, end-plate avulsion from the
vertebrae,

Neural Arch Fracture

Spondylotisthesis and neural arch defects are endemic among female gymnasts and cricket bowlers, to name
a few. Patients with spondylolisthesis generally do not do well with therapeutic exercise that takes the spine
through the range of motion; rather, stability should be the rehabilitation objective. Eanawat and colleagues
(20031 have made a strong case for conservative approaches, which were successful even with cricket bowlers,
as only a few needed follow-up surgical intervention. | have been involved in litigation cases in which clear
spondylolisthesis existed but was alleged to be related to a specific event (for example, a recently {:ccurrmg
automobile accident). In surgery, however, there was evidence of substantial osteogenic activity, suggesting that
the injury was quite old. In fact, these patients {former gymnasts) must have had this damage while competing
but were so fit and their spines were so stable that they were able to remain in competition. Following retire-
ment, having children, and losing fitness, a rather minor event became the instigator of their symptoms,

in vivo in jobs that exposed workers to repetitive shear loads greater than 300 N. We consider
these the best guidelines currently available.

A final note is relevant for repeated and prolonged extension postures and motions assoei-
ated with the MeKenzie approach discussed later in this book. Some individuals have “kissing
spines” in which adjacent posterior spines collide in full extension at one level. The involved
level is usually due 1o a simple case of anatomic variation. These may become more frequent in
people with disc height loss where the posterior spine becomes maore approximated. Jim Tavlor
(Twomey and Taylor, 1987) has noted destructive changes in the interspinous ligaments as they
are repeatedly crushed ar the kissing spine level. He described the changes as the development of a
“fibrocarlaginous covering on the colliding bone and a bursa-like cavity surrounded by far lined with
asynovial membrane.” There is no question regarding the efficacy of the MoKenzie extension routines
tor some acute discogenic back patients. 1 am cautious about having people routinely engage in
these postures following recovery from the acute episode—the spine may pay a price.
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o Intervertebral Disc

The intervertebral disc has three major components:
the nucleus pulposus, annulus fibrosus, and end
plates. The nucleus has a gel-like characrer with col-
lagen fibrils suspended in a base of water and various
mucopolysaccharides giving it both viscosity and some
elastic response when permarbed i vicro. At the nisk
of sounding crude, the best way to describe a healthy
nucleus is that it looks and feels like heavy phlegm.
During in vitro testing we have had it squirt our under
pressure and literally stick o the wall. While there is
no distinct border between the nucleus and the annu-
lus, the lamellae of the annulus become more distinet,
moving radially ourward. The collagen fibers of cach
lamina are obliquely oriented (the obliguity runs in
the opposite direction in each concentric lamella). The
Figure 4.14  Cross section of the intervertebral disc.  ends of the collagen fibers anchor into the vertebral
Ef“l"li“"f- "_!fl"":“i-“'“"-;“'“"':' G ""I"“"E"f%ffﬁ;"“-F-_{"f""'_‘“‘- 1995, hody with Sharpey’s fihers in the outermost lamellag,
K:-:::Ir.:(”l.r_:‘l;:- i Moscoiskelerad oy armpraign, 1L Humsan '|Pr'l'|i].E tI'I.E i:mer ﬁhEI‘S -.1ttach 0 I.']."If." El'll.i PIJ te {rhE' EI'III.']
plate was discussed in a previous section), The discs

in cross section resemble a rounded triangle in the thoracic region and an ellipse in the lumbar

region, suggesting anisotropic facilication of twisting and bending (see figure 4.14).

Load-Bearing Abilities

The disc behaves as a hydrostatic structure thar allows six degrees of motion between vertebrae.
Tts ability to bear load, however, depends on its shape and geometry. Due to the orientation of the
collagen fibers within the concentric rings of the annulus, with one-half of the fibers oblique to
the other half, the annulus is able to resist loads when the disc is twisted. However, only half of
the fibers are able to support this mode of loading, while the other half become disabled, result-
ing in & substantial loss of strength or ability to bear load. The annulus and the nucleus work
together to support mmpreer.u.'e load when the disc is subjecred ro bending and compression.

Under spine compression the nucleus pressurizes, applying hydraulic forees w the end plates
vertically and to the inner annulus laterally, This causes the annulus collagen fibers 1o bulge
outward and become tensed. Years ago, Markolf and Maorris (1974) elegantly demonstrated that
a dise with the nuecleus removed lost height but preserved much of its properties of axial stiffness,
creep, and relaxavion rates, The fact that the nuclews appears necessary to preserve disc height
has implications for facer loading, shear stiffness, and ligament mechanics.

It is noteworthy that dise damage is most often accompanied by subdiscal bone damage
(Gunning, Callaghan, and McGill, 2001). In fact, Keller and colleagues (1993) noted the
interdependence of bone status and disc health. Recent evidence also suggests thart excessive
compression can lead to altered cell metabolism within the nuclens and increased rates of cell
death (apoptosis) (Lotz and Chin, 20000, Thus, the evidence suggests that compressive loading
involving lower compressive loads stimulates healthy bone (noted as a correlate of disc health)
but that excessive loading leads to tssue breakdown.

Progressive Disc Injury

Consideration of progressive disc injury is in order here. A normal dise under compression
deforms mainly the end plates vertically together with lesser outward bulging of the annu-
lus (Brinckmann, Biggemann, and Hilweg, 1988). However, if lile hydrostatic pressure
is present, as in the case in which the nucleus has been lost through end-plate fracture or
herniation, the outer annulus bulges outward and the inner annulus bulges inward during
disc compression (see figure 4.15, a-b), This double convex bulging causes the laminae of
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Figure 4.15 (a} In a healthy joint with a contained nucleus there is minimal annulus deformation under compressive
load. () If the nucleus loses pressure (due to an end-plate fracture, for examplel, the annulus compresses, causing radial
bulging both outward and inward {arows) and producing delaminating stresses as the annulus layers are pulled apart.

the annulus to separate, or delaminate, and has been

hypothesized as a pathway for nuclear material to leak

through the lamellae layers and finally extrude, creating Fudali

a frank herniated dise (Adams and Dolan, 1995). A__Nﬁtﬂ == T‘Iﬂ_lstlﬂg
Another interesting proposal has been recently put While we have net performed a lot of

forth by Professor Adams (personal communication), He research on the effect of twisting on the

has suggested that a healthy dise builds interval pressures discs; it appears that repeated ‘t\'ufisilng

under compressive loads thatare so high that no nerve or causes the annulus to slowly delaminate,

vascular vessel could survive, Following initial end-plate This is evidenced by the tracking of the

damage, the disc can no longer build substantial pressure nucleus into the annulus in all directions.

such that nerves and blood vessels are able to invade the While we do nat vet know the relation-

disc. These are more possibilities to explain the increased ship between number of c’yclﬁand Inads,

vascularization of “degenerated” discs and their ability to we do know that added torsion reduces

generate pain, the compressive strength of the joint (Ault-
From a review of the literature, one can make four man et al., 2004),

general conclusions about annulus injury and the result-

ing bulging or herniation:

* It would appear that the disc must be bent to the full end range of motion in order o
herniate (Adams and Huotton, 19823,

*  Dise herniation is associated not only with extreme deviated posture, either fully flexed
ar bent, but also with repeated loading in the neighborhood of thousands of times, high-
lighting the role of fatigue as a mechanism of injury (Gordon et al., 1991; King, 1993),

*  Epidemiological data link herniation with sedentary occupations and the sitting posture
{Videman, Nurminen, and Troup, 1990). In fact, Wilder and colleagues (1988) docu-
mented annular tears in young calf spines from prolonged simulated sitting postures and
cyclic compressive loading (i.c., simulated truck driving).

*  Herniations tend to occur in younger spines (Adams and Hutton, 1985), meaning those
with higher warter content (Adams and Muir, 1976) and more hydraulic behavior. Older
spines do not appear to exhibit classic extrusion of nuelear material but rather are char-
acterized by delamination of the annulus layer and radial cracks that appear o progress
with repeated loading (a nice review is provided by Goel, Monroe, et al., 1995).

A couple of years agn we sought the most potent mechanism leading to disc herniation. Given
that it was critical to create a homogeneous cohort of specimens, we chose a pig spine model,
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Figure 4,16 Rehabilitation devices such
as this attempt to isalate lumbar motion
by extending against a resistance pad bul
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controlling diet, physical activity, genetic makeup, disc degen-
eration, and so forth. We found thart repeated flexion motion
under simultaneous compressive loading was the easiest way
to ensure herniation. In fact, it turned out that the numbers of
cycles of flexion motion were more important than the actual
magnitude of compressive load.. While no herniations were
produced with 260 N of compressive load and up to 85,000
flexion cycles, herniations were produced with 867 N of load
and 22,000 to 28,000 cycles, and with 1472 W and only 5000 to
9300 cycles (Callaghan and McCall, 2000 ), Clearly, herniations
are a function of repeated full-flexion motion cycles with only
a modest level of accompanying compressive load. In fact, we
mimicked the lumbar motion and loading of a typical spine
rehahilitation machine where the seated padent belts down the
pelvis to isolate the lumbar spine and then extends the torso

create simultaneous lumbar compression.
We found that replicating the full range
of motion from full flexion to neutral and
using the compressive loads of these devices
were powerful combinations to produce
disc herniation.

repentively against a resistance over the midback. (Amazingly,
some people are trained on this type of machine, even those
with known disc herniations!) (See figure 4.16.) The time series
radiographs (see figure 4.17) demonstrated the progression of
the nuclear material tracking through the annulus with sue-
cessive motion cycles. The herniated disc appears to result
from cumulative trauma: Even though we have crushed well
over 400 vertebral motion segments, we have only once or twice observed a herniation without
concomitant flexion cycles. Note that we are including both frank herniation and visible disc
bulges (see figure 4.18) under this category of injury mechanism.

Our most recent work on dise herniation uncovered the dependency of the location of the
herniating bulge on the axis of motion (Aultman et al., 2005). For example, in 20 motion seg-
ments, we flexed them repeatedly about an axis that was 30° rotated from the pure flexion axis
(mostly flexion with some lateral bend). One specimen simply failed abruptly and was removed.

Figure 4.17 Serial radiographs showing the initial containment of the
radiocontrast in the nucleus and, with repeated full-flexion motion (with
about 1400 N of compression), the progressive posterior tracking of the
contrast until frank herniation.

Figure 4.18 Repeated flexion can result in
a frank herniation or a bulge, shewn here
in a specimen with the lamina removed
o expose the posterior disc, which can
impinge on nerves causing symptoms. Mote
that the nucleus was injected with a dye so
that the bulge is more visible |arrow).

Repringed from Chinical Blornechandes, 1601}, LE Callaghan and S84, McGill, “Ineervenehiral disc
hermiation: Sudies on-a porcing model |ax|_x_:zw|| tn high[‘!.- rq:'nriri\'{- Flenceamdedensian modion with
foroe 2R-37. 20001, with permission from Elsevier Scionce
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Mechanisms of Annulus Failure (Herniation)

Damage to the annulus of the disc (herniation) appears to be associated with fully flexing the spine
for a repeated or pralonged period of time. In fact, herniation of the disc seems almost impossible
without full flexion, This has implications for exercise prescription particularly for flexion stretch-
ing and sit-ups or for activities such as prolonged sitting, all of which are characterized by a flexed
spine. Some resistance exercise machines that take the spine to full flexion repeatedly must be re-
considered for those interested in sparing the posterior annulus portions of their discs. Furthermaore,
the mechanism by which the process can be interrupted appears to be postural dependent, provid-
ing some more insight into the mechanism of the McKenzie approach.

I the remaining 19, the herniation track was away
from the axis of rotation (see figure 4.19),

We have also been able to add more insight
into the McKenzie therapy approach, which is
based on extended postures. The theory is that
an extended posture drives the nucleus forward
within the disc. We have found that the hernia-
tion process begins from failure in the innermost
annulus rings and progresses radially outward,
The layers of the annulus delaminate and fll with
nucleus material, We now have proof that the
extended posture can drive the nuclens material A
that is in the delaminated pockers of the posterior '
nucleus back toward the central part of the disc bl it /
(Scannell and McGill, 2005). ~

Also worth noting here is the intriguing - -
hyvpothesis of Bogduk and Twomey, who have sug- f]g]:re 4.19 Tilting the flexion axis 30° away from pure
gested the possibility of an annular “sprain™ simi- flexion Ea"f'e‘d the nucleus L m'd_“ in A d‘l"e':-'-”““ Ay
lar to a sprain of the ankle ligaments (Bogduk and fram the axis (Aultman et al.., i_ﬁJUEJ. This motion dr_*pr_:n-
Twomey, 1991). They hypothesized thar the outer ulrlmce 1'|.35.|:|nwc-|ful pnlenhlal for the :'Ilnslgn of exercise
layers of the :ﬂl‘i!luhl.iﬁ experience excessive strain in those with known posterior-lateral disc bulges.
under torsion. Given that these authors have presented evidence for the presence of nerve fibers
particularly in this region, the annulus appears to be a good candidate for a souree of pain.

Muscles

Traditional anatomical descriptions of the spine musculature have taken a posterior vantage point,
This has hindered insight into the role of these museles since many of the functionally relevant
aspects are better viewed in the sagittal plane. (For a nice synopsis of the sagittal plane lines of

CLIMICAL
Clinical Relevance: Location of Disc Bulge and Designing Exercise

A posterior-lateral disc bulge is usually caused by repeated flexion of the disc about an axis cut-
ting across the disc perpendicular to the herniating track. This is powerful knowledge for exercise
intervention, since further motion about this axis would exacerbate the herniation, We are currently
investigating whether extending about the same axis will reduce the tracking. Further, this knowledge
gives clues for better prevention. Look for a dominant motion pattern in a patient’s daily routine
consistent with the bulge location and eliminate it. If the causative motion pattern is an element of
an athletic event in which the patient competes, major decisions will need to be made. More motion
will only ensure the inevitable—can the technique be changed to eliminate the causative motion?
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action, see Bogduk, 1980; Macintosh and Bogduk, 1987.) Furthermore, many have developed
their understanding of muscle function by simply interpreting the lines of action and region of
attachment, assuming thar the muscles act as straight-line cables. This may be misleading.

Understanding the function and purpose of each muscle requires two perspectives. First,
knowledge of statie muscle morphology is essential, though it may change over a range of
maotion. Second, knowledge of activation-time histories of the musculature must be obtained
over a wide variety of movement and loading tasks. Muscles create force, but these forces play
roles in moment production for movement and in stabilizing joints for safety and performanee.
Further understanding of the motor control system strategies chosen to support external loads
and maintain stability requires the interpretation of anatomy, mechanics, and activation profiles.
This secdon will enhance the discussion of anatomically based issues of the spine muscolarre
and will blend the results of various electromyographic (EMG) studies to help interpret function
and the functional aspects of motor contral.,

Muscle Size

The physiologic cross-sectional area (PCSA) of musele determines the foree-producing potential,
while the line of action and moment arm determine the effect of the force in moment produc-
tiom, stalalization, and so forth, It is erroneous to estimate muscle force based on muscle volume
without accounting for fiber architecture ar by taking rransverse scans to measure anatomical
cross-sectional areas (MeGill, Patr, and Norman, 1988}, Using areas directly obrained from
computed tomography (CT) or magnetic resonance imaging (MRI) slices has led to errone-
ous force estimates and interpretations of spine funcdon. In such cases, since a large number
of muscle fibers are not seen in a single transverse scan of a pennated muscle, muscle forces
are underesuimated. Thus, areas obtained from MREI or CT scans must be corrected for fiber
architecture and scan plane obliquity (McGill, Santaguida, and Stevens, 1993),

In figure 4,20, transverse scans of one
subject show the changing shape of the
torso muscles over the thoracolumbar
region, highlighting the need o combine
transverse scan data with data document-
ing fiber architecture obtained from
dissection. In this example, the thoracic
extensors (longissimus thoracis and ilio-
costalis lumborum) seen ae TY provide
an extensor moment at L4, even though
they are not seen in the L4 scan. Only
their tendons overhie the L4 extensors. A
sagittal plane schematic shows the errors
in measuring muscle cross-sectional area
from a single transverse slice—which
has caused some to underestimate the
patential of the muscle.

Raw muscle PCSAs and moment arms
(McCaill, Sanrapuida, and Stevens, 1993)
are provided in appendix A.1. Aress cor-
rected for oblique lines of acton are shown
in table 4.1 for some selected muscles at
several levels of the thoracolumbar spine.
Guidelines for esnmating true physi-

Figure 4.20 Transverse scans of one subject (supine; at the levels
of T9, L1, L4, and 51, showing the musculature in cross section.
MNote that many muscles seen at more superior levels pass tendons
over the lower levels transmitting force. This illustrates the error in

simply using a single scan to estimate muscle force and moment : : ; 4
potu!'n:iai g B ological areas are provided in MeGill and

olleagues : T ; siof
Reprinted from Clinical Biomechamics, 8 S, Mol L. Santagulda, and |. Sevons, L& |ﬂgue~(1'¢ﬁ3} {he T'flii.‘ﬁil'!l SOURCES O
Moasere of the ronk musculatore brom Te o L5 Lsing MRl scansaf |5 FOUNTE males raw ]'I'I'I.'ISCIE Eﬁﬂmﬂﬂ']r' “"i“al“{fd ffﬂil’t *\'lRI
corected foe mmwsche fiber odentation, 171, 19593, with permission from Elsovier I'-‘}I br_’;[h ]1]'-1]*.:5 nn;i ﬁ'_:m;df_-s are &;und I|'|'|
R Marras and colleagues (2001).
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Table 4.1 Corrected Muscle Cross-Sectional Areas

A few examples of corected cross-sectional areas, antetioyposterior moment amms, and lateral moment
arms perpendicular to the muscle fiber line of action using the cosines listed in McGill, Patt, and Narman
{1988). These are the values that should be used in biomechanical models rather than the uncorrected
values obtained directly fenm scan slices.

Cross-sectional area |  Moment arms Moment arms
Muscle* {mm)* (ant/post) (mm) (lateral) (mm)
Longissimus pars

[urmbsesriim L3-L4 £} 51 17
Quadratus lumborum | L1-L2 358 21 43
12-13 507 12 55
L34 582 29 59
L4-L5 328 16 39
External ablique L3-L4 1121 17 110
Internal oblique L3-L4 1154 20 89

"Thes lamirae of Inngiuinnn fars bmbsorwem at thi 1215 Tevel would have hesn-digied here |1:.- virtue od thirir cosines but wess ot s
they could not be disiinguished on-all scan slices.

Moment arms of the abdominal musculature are generally obtained from CT- or MRI-based
studies. Generally, subjects lie supine or prone within the MBI or CT scanner, and the distance
from their spine to the muscle centroid is measured. Lying on their backs in this posture causes
the abdominal contents to collapse posteriorly under gravirty (MeGill, Juker, and Axler, 1996),
In real life and during standing, the abdominal muscles are pushed away from the spine hy
the visceral contents. Recently, research has shown that CT or MRI studies of the abdominal
muscle moment arms obtained from subjects in the supine posture underestimated the true
values by 30%.

In summary, understanding the force and mechanical potendal of muscles requires an
appreciation for the curving line of action, which is best obrained in the anatomy lab. But,
unfortunately, these specimens are usually atrophied, eliminating them as a source for muscle
size estimates. Muscle areas obrained from various medical imaging techniques need to be cor-
rected 1o account for fiber architecture and contractile components thar do not appear in the
particular scan level {for example, only the tendon passes the level). Further, moment arms for
muscle lines of action from subjects who are lying down need to be adjusted for application to
upright postures maintained in real life.

Muscle Groups

This section describes specific muscle groups from a functional perspective and introduces
some issues fundamental for understanding injury avoidance and the choice of appropriate
rehabilitation approach,

Rotatores and Intertransversarii

Many anatomical texthooks describe the function of the small rotator muscles of the spine,
which attach to adjacent vertebrae, as creating axial twisting torque. This is consistent with
their nomenclature (rotatores). Similarcly, the intertransversarii are often assigned the role
of lateral flexion. These proposals have several problems. First, these small muscles (see
figure 4.21) have such small PCSAs that they can generate only a few newtons of force,
and second, they work through such a small moment arm that their total contribution to
rotational axial twisting and bending torque is minimal. For these reasons, I believe they
serve another function,
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Levator Levator
costarum longi costarum brevi Rotatores

Intertransverse
madialis Quadratus
lumborum
Intertransverse
lateralis
™ Mutiidus
Interspinales = '

Figure 4.21 Short muscles of the spine: levator costarum longi, levator costarum brevi, inter-
transverse medialis, intertransverse |ateralis, rotatores, and interspinalis. They have been described
erroneousy as creating axial twisting torque.

Tmeage coumiesy’ of Primal Pictures,

The rotatores and interteansversarii muscles are highly rich in muscle spindles, approximately
4.5 too 7.3 imes richer than the multifidus (Nitz and Peck, 1986). This evidence suggests that they
may function as length transducers or vertebral position sensors at every thoracic and lnmbar
joint. In some EMG experiments we performed a number of years ago, we placed indwelling
electrodes very close to the vertebrae. In.one case we had a strong suspicion thar the elecirode
was in a rotator muscle. The subject attempted to perform isometric twisting efforts with the
spine untwisted (or constrained in a neutral posture) in both directions but produced no EMG
activity from the rotator—only the usual activity in the abdominal obliques and so on. However,
when the subject tried to twist in one direction (with minimal muscular effort), there was no
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Manual Therapy and the Function of the Rotatores and Intertransversarii

We now suspect that the rotatores and intertransversarii are actually length transducers and thereby
position sensors, sensing the positioning of each spinal motion unit. These structures are likely
affected during various types of manual therapy with the joint at end range of mation {a posture
used in chiropractic technique, for example).

response, while in the other direction there was major activity. This particular rotator seemed not
to be activared to create axial twisting torgque but rather in response wo twisted position change.
Thus, its activity was elicited as a function of rwisted posidon—uwhich was not consistent with
the role of creating torque to twist the spine. This is stronger evidence that these muscles are
not rotators at all but function as position transducers in the spine proprioception system.

Extensors: Longissimus, lliocostalis, and Multifidus Groups

The major extensors of the thoracolumbar spine are the longissimus, ihocostalis, and muldfi-
dus groups, Although the longissimus and iliocostalis groups ave often separated in anatomy
books, it may be more enlightening ina functional context to recognize the thoracic portions
of both of these muscles as one group and the lumbar portions as another group. The lumbar
and thoracic portions are architecturally (Bogduk, 19800 and functionally different (MeGill and
Norman, 1987). Bogduk (1980) partitions the lumbar and thoracic portions of these muoscles
into longissimus thoracis pars lomborum and pars thoracis, and iliocostalis lumborum: pars
lumborum and pars thoracis.

These two functional groups (pars lumborum, which attach to lumbar vertebrae, and pars
thoracis, which atrach to thoracie vertebrae) form quite a marvelous architecture for several
reasons and are discussed in a functional contest with this disdnetion (e, pars lumborum vs,
pars thoracis). Fiber typing studies note differences berween the lumbar and thoracic sections:
The thoracic sections contain approximately 75% slow-twitch fibers, while lumbar sections are
generally evenly mixed (Sirca and Kosteve, 1985). The pars thoracis components of these two
muscles attach to the ribs and vertebral components and have relatively short contractile fibers
with long rendons that run parallel to the spine to their origins on the posterior surface of the
sacrum and medial border of the iliac creses (see figure 4.22). Furthermore, their line of acton
over the lower thoracic and lumbar region is just underneath the fascia, such that forees in these
muscles have the greatest possible moment arm and therefore produce the greatest amount
of extensor moment with o mimmum of
compressive penalty to the spine (see figure
4.23). When seen on a transverse MRI or
CT sean at a lumbar level, pars thoracis
tendons have the greatest extensor moment
arm, overlying the lumbar bulk—ofren
aover 10 em (4 in.) (MeGall, Patr, and
Norman, 1988; McGill, Santaguida, and
Stevens, 1993) (see figure 4.29).

The lumbar components of these mus-
cles (iliocostalis lumboram pars lumborwm
and longissimus thoracis pars lumborum)
are very different anatomically and hunc-
tionally from their thoracic namesakes.
They connect to the mamillary, accessory,
and transverse processes of the lumbar
vertebrae and originate, once again, over  Figure 4.22  An isolated bundle of longissimus thoracis pars
the posterior sacrum and medial aspect of  thoracis (inserting on the ribs at Th), with tendons lifted by probes,
the iliac crest. Each vertebra is connected  course over the full lumbar spine 1o their sacral origin. They have
bilaterally with separate luminae of these  a very large extensor moment arm {just undemeath the skin),
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Figure 4.23  This world-class powerlifter exemnplifies the
hypertrophied bulk of the iliocostalis and longissimus
muscles seen in trained lifters, This muscle bulk is in the
thoracic region, but the tendons span the entire lumbar

spine.

[fizem

Figure 4.24  (a, b The moment arms of the pars lumborum
partions of iliocostalis and longissimus. {c) The large moment
arm of the pars thoracis iliocostalis and longissimus muscles
gives them their ability to create major lumbar extensor
moments. The lines of action of fd) the pars lumbaorum partion
of langissimus, (e the pars lumborum portion of iliocostalis,
and {1} the pars thoracis portion of longissimus and iliocostalis
join at their common point of origin at the sacral spine, (g) The
mechanical fulerum or the axis about which muscles create

moments is indicated by the diamond shape,

muscles (see figure 4.25), Their line of action is nat parallel to the compressive axis of the spine
but rather has a posterior and caudal direetion that causes them o generate postenior shear forces
together with extensor moment on the superior vertebrae (see figure 4.26). These posterior shear
forces support any anterior reaction shear forces of the upper vertebrae thar are produced as
the upper body is flexed forward in a typical lifing postare. It is important o clarify thar this
flexion of the torso is accomplished through hip rotation, not lumbar flexion. These muscles
lose their ablique line of setion and recrient to the compressive axis of the spine with lumbar
flexion (MetGill, Hughson, and Parks, 2000) so that a flexed spine is unable to resist damaging
shear forces (see figure 4.27, a-d). This possible injury mechanism, together with activation
profiles during clinically relevant activities, is addressed in a later section.

The multifidus muscles perform guite a different function from those of the longissimuos
and iliocostalis groups, particularly in the lumbar region where they attach posterior spines of
adjacent vertebrae or span two or three segments (see figure 4.28). Their line of acrion tends
to be paratlel to the compressive axis or in some cases muns anteriorly and caudal in an oblique
direction. The major mechanically relevant feature of the multifidii, however, is that since they
span only a few joints, their forces affect only local areas of the spine. Therefore, the multifidus
muscles are involved in producing extensor torque {together with very small amounts of twist-
ing and side-bending torque) but only provide the ability for corrections, or moment support,
at specific joints that may be the foci of stresses, Interestingly, the multifidus muscles appear to
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Figure 4.25 llipcostalis lumborum pars lumbaorum
and longissimus thoracis pars lumborum originate
over the posterior surface of the sacrum, follow a
very superficial pathway, and then dive obliquely
lo their vertebral altachments. This obligue arienta-
lion creates posterior shear (5} forces and extensor
mioments on ezch successive superior vertebra, The
compressive axis (C) is indicated,

Figure 4.26  The oblique angle of the lumbar por-
tions of longissimus and iliocostalis is seen in vivo
in this MR picture. Their line of force (F) is shown
relative 1o the compressive axis (Ch.
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Figure 4.27 The oblique angle of the lumbar portions of the iliocostalis lumborum and longissimus thoracis
protects the spine against large anterior shear forces, However, this ability is a function of spine curvature. (a)
A neutral spine and (b the oblique angle of these muscles as viewed with an ultrasound imager. (o) The loss
of this angle with spine flexion {d) so that anterior shear forces cannot be counteracted. This ensures shear
stability and is another reason to consider adopting a neutral spine during flexed weight-holding tasks.
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Lamenae of multifidus

lliocostalis Longissimus

Figure 4.28 Multifidus is actually a series of laminae
that can span one to three vertebral segments. Their lines
of action do nol support anterior shear of the superior
vertebrae but actually contribute to it. Examining their
cross-sectional area reveals that the multifidus is a rela-
tively small lumbar extensor.

Image courbesy of Primal Phohues.

have quite low muscle spindle densin—certainly
less than the iliocostalis or longissimus muscles
{(Amaonoo-Kuoofi, 1983), This may be due to their
more medial locaton and subsequent smaller
length excursions (see table 4.2 for muscle length
changes, which were assessed using a number of
extreme postures depicted in figure 5.1 on page
74). An injury mechanism involving inappropri-
ate neural activation signals to the multifidus is
proposed in chapter 5, using an example of injury
observed in the laboratory. It is also worth noting
here, given the recent emphasis on multifidus,
that some people have considered more lateral
portions of the extensors to be muldfidus, This
has presented some problems in both functional
interpretation and rehabilitation.

A Note on Latissimus Dorsi

Latissimus dorst is involved in lumbar extensor
moment generation and is often acting as a major
stahilizer. Its origin at each lumbar spinous process
via the lumbodorsal fascia and inserdon on the
humerus gives it a very large extensor moment
arm(see figure 4.29). During pulling and lifting
motion, the latissimus is active (see chapter 5),
which has implications for its role and how it is

Low Back Disorders

trained for functional moton patterns. It is often
the muscle of choice for “stopping” thoracic and high lumbar *hinges” in painful backs and is also
very important to enhance torso extension in high performance situations (McGill, 2006).

|§IIE-$1:'§:JI;:E > Exercise for the Extensor Muscles of the Low Back

Research has shown that the thoracic extensors (longissimus thoracis pars thoracis and
iliocostalis lumborum pars thoracis) that attach in the thoracic region are actually the most
efficient lumbar extensors since they have the largest moment arms as they course over
the lumbar region. For this reason, it is time to revisit the clinical practice of “isolating
muscle groups,” in this case the lumbar extensors for the lumbar spine. Specifically, what
are referred to as the lumbar extensors (located in the lumbar region) contribute only a
portion of the total lumbar extensor moment. Training of the lumbar extensor mechanism
must involve the extensors that attach to the thoracic vertebrae, whose bulk of contractile
fibers lies in the thoracic region but whose tendons pass over the lumbar region and have
the greatest mechanical advantage of all lumbar muscles. Thus, exercises 1o isolate the
lumbar muscles cannot be justified from an anatomical basis or from a motor control
perspective in which all “players in the orchestra” must be challenged during training.
Another important clinical issue involves the anatomical features of the extensors.
While the lumbar sections of the longissimus and iliocostalis muscles that attach to the
lumbar vertebrae create extensor torque, they also produce large posterior shear forces
to support the shearing loads that develop during torso flexion postures. Some therapists
unknowingly disable these shear force protectors by having patients fully flex their spines
during exercises, creating myaelectric quiescence in these muscles, or by recommend-
ing the pelvic tilt during flexing activities such as lifting. Discussion of this functional
anatomy is critical for developing the strategies for injury prevention and rehabilitation

described later in this book,
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Table 4.2 Muscle Lengths in Centimeters (Including Tendon Length) Obtained From
the Upright Standing Position and From Various Extreme Postures

Upright 257 lateral
standing 60° flexion bending 107 twist Combined”
R rectus abdominis 3041 19.8" 274 30:0 127
L rectus abdominis 3001 9.8 326 30.5 22.9%
R external oblique | 16.7 144 12.6" 15.5 13.3
L external oblique 1 16.7 144 gt 180 19.2
R external abligue 2 15.8 12.9 10,70 15.6 g 58
L external obligue 2 15.8 12.9 21.08 16.2 182
R internal oblique 1 1.1 9.4 8.1 122 7.64
L internal oblique 1 11.1 9.9 15 1 10.0 122
R internal oblique 2 10.3 8.4 76" 11.2 64"
L internal oblique 2 103 8.8 T3k 9.5 10.7
R psoas lumborum (L1} 15.1 200p 14.2 154 18.7
L psoas lumborum (L 1) 151 20.0 16.8 157 207
R psoas lumborum (L2) 12.5 16.4" 1.8 12.9 15.6"
L psoas lumborum (L2} 12:5 1h.4" 13.8 138 17:0¢
R psoas lumborum (L3) 9.9 1249 9.5 10.0 12.5%
L psoas lumbarum (L3) 0.4 1298 10,9 9.8 LE %4
R psoas lumborum (L4) 7.5 9.4 7.4 7.6 g3k
L psoas lumborum iLd) 7.5 9.4 8.0 7 g.54
R iliocostalis lumborum 2310 24 b 18.9 23.5 26.4
L ilincostalis lumborum 230 20.7h 25.5 22.8 31.8%
R longissimus thoracis 275 33.7" 254 27.6 31.1
L longissimus thoracis 27.5 o 28.8 274 34.48%
R quadratus lumborum 14.6 1820 11.9 14.4 14.9
L quadratus lumboram 14.6 18.2 17.4 15:1 209"
R latissimus dorsi (L5) 29.4 321 6.8 29.8 29.0
L latissimus dorsi (L5} 20.4 321 3.5 291 346
R multificus 1 53 F3e 5.2 5.1 e
L multifidus 1 5.3 730 5. B FiL
R multificlus 2 5 Fag 5.0 5.1 7.01"
L multifidus 2 5.1 Toan 5.2 a1 7
R psoas (L1) 29:2 286 28.1 29.0 272
L psoas (L1) 203 286 30.2 29.5 29.6
K psoas (L2) 25.8 253 25:1 5.7 24.4
L psoas (L2) 25.8 253 25,1 257 244
E psoas (L3) 22 21.8 217 22.0 212
L psoas (L3) 221 218 235 232 22.3
K psoas (L4) 18.7 18.6 18.6 18.7 18.4
L psoas (L4 18.7 18.6 14.9 18.8 8.9

T g of extrene postures usied po assess muscle length changes 8 estated in figure 51 onpape 74,
*Comlrinations of 60° fexion 25" right lateral bend, 1P counterclockwise twist.
"mvische |-.-r|gli1~. that difier By mose than 2080 from theaee obtined dhuring quighl su1..mr|in:g

Reprined, 1.1:,- perrmission, from 5.0, MoGIHL 1991, *Kidetic potential of the lumbar trunk musculsiure about three orihogonal orthopaedic axes in extiens jrosations.”
Spume 1907 800-B15.
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Abdominal Muscles

In this section we will consider several important aspects
of lumbar mechanics in which the abdominal muscles are
involved,

Abdominal Fascia

The abdominal fascia containg the rectus abdominis and
connects laterally to the aponeurosis of the three layers of
the abdominal wall. Its funetional significance is made more
importane by connections of the aponeurosis with pectoralis
major, tngether with fascial elements that cross the midline
to transmit force to the fascia (and abdominal muscles) on the
opposite side of the abdomen (Porterficld and DeRosa, 1998)
(see figure 4.30, #-f). Such anatomical features underpin and
justify exercises {detailed later) that integrate movement par-
terns that simultaneously challenge the abdominal muscles,
the spine, and the shoulder musculature.,

Rectus Abdominis

While many classic anatomy texts consider the abdominal wall
to be an important flexor of the runk, the rectus abdominis
appears to be the major runk flexor—and the most active
during sit-ups and curl-ups Juker, MeGill, and Kropf, 1998).
Muscle acovaton amplinudes obtained from both intramuscu-
lar and surface electraodes over a variety of tasks are shown in
table 5.4 (pages 78-79). It is interesting to consider why the
rectus abdominis 1s partitioned into sections rather than being
Lurnbodorsal fascia  Latissimus darsi a single long muscle, given that the sections share a common

nerve supply and that a single long muscle would have the
Figure 4.29 Latissimus dors ariginates advantage of hroadening the ﬂlrﬂ&lengthlrelatinnship overd
from each lumbar spinous process via  SrEaterrange t:rficngth change, Pl.':lrh'.l;:s i !i:r_lglt.' muscll:wuu_ld
the lumbodorsal fascia and inserts on the Dbk upon shortening, compressing the viscera, or he stiff
humerus to perform both lumbar extension and resistant to bending. Not only does the sectioned rectus
and stabilization roles. abdominis limit bulking upon shortening, but the secoons
also have a bead effect, which allows bending at each tendon
to facilitate torso fexion-extension or abdominal distension
or contraction as the visceral contents change volume (M. Belanger, University of Quebec at
Montreal, personal communication, 1996).

The *headed” rectus also performs another role—the lateral rransmission of forces
from the oblique muscles forming a continuous hoop around the abdomen (Porterfield
and DeRosa, 1998), The intermuscular tendons and fascia prevent the fibers of rectus from
being ripped apart laterally from these hoop stresses. This aspect of abdominal mechanies
i5 elucidated further in the next section, which discusses the forces developed in the oblique
muscles,

Another clinical issue is the controversy regarding upper and lower abdominal muscles. While
the obligues are regionally activated (and have funcrional separation between upper and lower
regions), all sections of the rectus are activated rogether at similar levels during flexor wrque
generation, A significant functional separation does not appear to exist between upper and lower
rectus (Lehman and MeGill, 2001) in most people. Research reporting differences in the upper
and lower rectus activation sometimes suffers from the absence of normalization of the EMG
signal during processing. Briefly, researchers have used raw amplitudes of myoelectric activity
(in millivolts) to conclude that there is more, or less, activity relative to other sections of the
muscle, but the magnitudes are affected by local conductivity characteristies. Thus, amplitudes
must be normalized to a standardized contraction and expressed as a percentage of this activity

Imame couriesy of Primal Piciunes
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Figure 4.30  The abdominal fascia connects the obliques of the abdominal wall with {a) rectus
abelominis and, to a lesser extent, (B) pectoralis major and helps to transmit hoop stresses around
the abdomen,

i .-"u:§1|JL<"<.|- Trewrn .0, Norris, 2000 Fack stabwling |'{..|:.||"|1|.l.|i|.;n. L2 Hutrane Kinerics), 56,

Upper and Lower Rectus

Although we have seen separation in neural drive between upper and lower sections of rectus
abdominis in a few Middle Eastern-style belly dancers (out of a larger cohort), these abilities and
moves are rare in everyday life, (We made these observations only during very low-level contrac-
tions in which the muscles were moved in the absence of substantial flexion torque or muscle load.)
In fact, a distinct upper and lower rectus does not exist in most people. Once force is required, the
rectus appears to act as a cable with active tension along its entire length, Thus, training the rectus
for nearly everyone can be accomplished with a single exercise. This is not true for the obliques, as
they have several neural compartments—Iateral, medial, upper, and lower.
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Figure 4.31 () Studies that have reported an upper and lower reclus abdominis generally evaluated unnarmalized
EMG signals—for example, in the stucly of men perdorming crunches. rh) However, when the signals are normalized
property, the apparent difference disappears, While there are regional activation zanes in the abdominal obligues,
there is little evidence to suggest that a functional “upper and lower” rectus abdominis exists in most people,

Respringed from G, Lebman and S scGill, 1999, “The inftuenee of chirmpoctic manipalaion onlumbar kinematics and EMOG during simgsle and compslex
tasks: a case sy, fowral of Pl iodogical Therapeatcs, 220%: 5T6-581. Copyright 1999,

(rather than in millivolts) (see feare 4.31). Researchers may also have inadvertenty monitored
pyramidalis (an optional muscle at the base of the rectus), which would cloud interpretation.

Abdominal Wall

The three layers of the abdominal wall {exrernal oblique, internal oblique, and transverse
abdominis) perform several funetons, All three are involved in flexion and appear to have their
flexor potential enhanced because of their attachment o the linea semilunaris (see figure 4.32)
(MeGill, 1996), which redirecrs the oblique musele forces down the recrus sheath to effectively
increase the flexor moment arm. The obliques are mvolved in torso twistng (MeGall, 19914,
1991h) and lateral bend (MeGsill, 1992) and appear to play a role in lumbar stabilization since
they increase their activity, to a small degree, when the spine is placed under pure axial compres-
sion (Juker, MeGill, and Kropf, 1998). (This functional notion will be developed later in this
chapter) The obliques are also invalved in challenged lung ventilation, assisting with “active
expiration” (Henke er al., 1988). The imporrant functional implication of active expiration will
be discussed in a subsequent section.

Researchers have focused a lot ofattention on the transverse abdominis for two reasons. First,
some helieve it is involved in spine stability through its beltlike containment of the abdomen
and also in the generation of intra-abdominal pressure (IAP). Richardson and colleagues (1999)
nicely summarized the second reason for the focused attention on this muscle, suggesting that
transversus has a delayed onset of activation time in some with back troubles, prior 1o a rapid
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Figure 4.32  The oblique muscles (FO:
anterior portion of external oblique;
10 anterior portion of internal obligue;
T: transverse abdominis) transmit force
along their fiber lengths and then redi-
rect force along rectus abdominis via
their attachment to the linea semilu-
naris toenhance their effective flexor
moment arm.

Reprinted from Jousnal of Biemechanics, 2%7)
sl s Gill, o revised anatemical mosded of the
abdominagl mameulatire foe weso lexion sfoets,”
A73-977, Copyright 1996, with permission: from
Flsewier Scienoe,
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arm movement—the hypothesis being that the trunk must first he
made stitf and seable. Ir appears thar this is evidence thar an aber-
Tant moter pattern exists in rapid activity, We cannot find evidence
that this motor pattern happens bilaterally, implying that it has
lirtle to do with seahility. The quex.nnn remains as to whether this is
important in more normally paced acovites. Delayed onset confirms
motor deficits, but a 10 to 30 ms onset delay would be irrelevant
during a normal movement in which these muscles are continually
cocontracted t ensure stability. Contrary to what is commonly heard
in exercise discussions, the evidence does nor suggest that ransverse
is not recruited. It is also interesting that, again contrary to popular
thought, the transversus and internal oblique are very simlar in their
fiber orentation. Tn our very limited intramuscular EMG electrode
work (Juker, McGill, and Kropf, 1998) we saw a high degree of coupling
hetween these two muscles in a wide vaniety of nonballistic exertions
{no doubt some myoelectric cross-talk existed). We have been unable
to find peaple who can or cannot activate transverse, Nonetheless,
several groups (Cresswell and colleagues, 194, and Hodges and
Richardson, 1996, are the most experienced) have noted che extra
activity of transversus when TAP is elevated, but also that all of the
abdominal muscles show this activity, The combination of transverse
activation (and almost always concomitant oblique activity) with
elevated TAP enhances stability, without question. In fact, Cholewicki
and colleagues (1999) recently concluded that building TAP on irs
own adds spine stability,

In the broader functional perspective, the components of the
ahdominal muscles (rectus, obliques, and transversus) work together
but also independently. While a variety of sources have provided
myoelectric evidence from a variety of tasks, an anatomical and
functional interpretation is needed. As noted earlier, the obliques
differentially activate to create twisting torque and can enhance
flexion rorgue. Rectus is primarily a flexor—in fact, those people

who have a great deal of motor control in the abdominal muscles can preferentially activate
each muscle (see fipure 4.33, #-d). Finally, some have suggested an upper and lower partition-
ing of the abdominal muscles. As previously mentioned, this impression is probably an artfact
resulting from poor EMG technique; there does not appear to be a functional upper and lower

rectus (Lehman and McGall, 2001; Vera

-Crarcia, Grenter, and MeGall, 20003, On the other hand,

regional differences do exist in the obliques; some sections can be preferentially recruited both
medially and laterally together with upper and lower portions. Finally, the obliques, together
with transverse abdominis, form a containing hoop around the entire abdomen, with the anterior
of the hoop composed of the abdominal fascia and the posterior composed of the lumbodorsal
fascia. The resulting “hoop stresses” and stiffness assist with spine stability.

CLINICAL " .
Abdominal Muscle Exercises

34

The functional divisions of the abdominal muscles justify the need for several exercise techniques
to challenge them in all of their roles: moment generation, spine stability, and heavy breathing.
While the obliques are regional ly activated, with several neural compartments, there appears to be
no functional separation of upper and lower rectus abdominis. Thus, a curl-up exercise activates
all portions of the rectus abdominis. However, upper and lower portions of the oblique abdominal
muscles are activated separately depending on the demands placed on the torso. Finally, detailed
examination of the fascial connections reveals force transmission among the shoulder musculature,
the spine, and the abdominal muscles, justifying exercises incorporating larger movement patterns

for the advanced patients who can bear the higher loads.
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Figure 4.33  Some trained people have the ability to differentially activate specific portions of the abdominal musculature.
This sequence shows fa) an inactive abdominal wall, (b) the abdominal wall *hallooned,” and (o} contraction of transverse
abdominis, which draws and “hollows" the wall. (Note that ather muscles must relax to do this, which compromises both stabil-
ity and strength.) (d) Placing the hands on the thighs and pushing allows a flexor moment to develop where good muscular
control is able to activate just the rectus abdominis with the previously activated transverse and little obligue activity.

Psoas

The psoas, a musele thar crosses the spine and hip, is unique for many reasons. While ix has been
claimed to be a major stabilizer of the lumbar spine, I believe that this claim needs interpreta-
don, Although the psoas mmplex attaches to T12 and to every lumbar vertebra on its course
over the pelvic ring (see figure 4.34), its activation profile (see Juker, McGill, and Kropf, 1998;
Juker, McGill, Kropf, and Steffen, 1998; and Andersson et al., 1995, for indwelling EMG data)
15 not consistent with that of a spine stabilizer (in the purest sense) hut rather indicates that the
role of the psoas is purely as a hip flexor. During our work to implant intramuscular electrodes
in this muscle, we performed the insertion technique several times on ourselves. The first tme
the elecrrodes were in my own psoas, [ tried several low back exertions in an attempt to activate
it (flexion, extension, side-bending, erc.). None of these really caused the psoas to fire. Simply
raising the leg while standing, with hip flexion, caused massive activation, clearly indicating that
the psoas is a hip flexar,
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#
lliac Quadratus Psoas Transverse
crest fumborum majar processes

Figure 4.34 The psoas attaches to each lumbar ver-
tebra (lateral vertebral body and transverse process)
where each of these laminae of psoas fuse and form a
common tendon thal courses through the iliopectineal
notch to the femur. The quadratus lumborum attaches
each transverse process with the ribs and iliac crest,
forming the guy wire support system,

Imagies courtesy of Primal Picturnes,

Psoas Function

Myoelectric evidence and anatomical analysis
sugpest that the psoas major acts primarily to
create hip flexion torque, that its activation is
minimally linked o spine demands, and that
it imposes substantial lumbar spine compres-
sion when activated, Caution is advised when
training this muscle due to the substantial spine
compression penalty that is imposed on the
spine when the psoas is activated,

Quadratus Lumborum

After this pilot work, in a larger study we
found that any task requiring hip Aexion involved
the psoas. Although we obtained this impression
from studying the activation profile of the psoas,
other considerations stem from its architecture.
Why does the psoas traverse the entire lumbar
spine and, in fact, course all the way w the lower
thoracic spine? Why not let just the iliacus perform
hip flexion? If only the iliacus were to flex the
hip, the pelvis would be torqued into an anterior
pelvie tilt, forcing the lumbar spine inwo extension.
These forces are buttressed by the psoas, which
adds stiffness between the pelvis and the lumbar
spine. In effect, it can be thought of as a spine
stabilizer but only in the presence of significant
hip Hlexor torque. Also, an activated and stiffened
psoas will contribute some shear stiffness w the
lumbar motion segment—but once again, only
when hip flexor torque is required. The fact is
that the psoas and iliacus are two separate muscles
(see Santaguida and McGill, 1995), functionally,
architecturally, and neurally. There is no such
thing as an iliopsoas muscle!

In addition, some clinical discussion has been
centered around the issue of whether the psoas is
an internal or external rotator of the fermur and
hip. Although it has some architectural advantage
to externally rotate the hip, Juker, McGill, Kropt,
and Steffen (1998) ohserved only small actvation
bias during hip rotation tasks. However, this may
have been due to the need for significant hip sta-
hilization, resuloing in substantial hip cocontrac-
tion. In a recent study, we examined a matched
cohort of workers—half of whom had a history
of disahling low back troubles, while the other
half had never missed work: Those whe had a
history, but were asvmpromatic at the time of
the test, had a significant loss of hip extension
and hip internal rotation (but more external rota-
tion). This is an interesting ohservation, given
much clinical discussion regarding the “nght”
psoas, Even though we do not fully understand the
neuromechanics, this muscle as a clinical concern
is worth studving further.

The guadratus lumborum (L) is another special muoscle for several reasons. First, the archi-
tecture of this muscle suits a stabilizing role by attaching to each lumbar vertebra, effectively
huttressing adjacent vertebrae bilaterally, together with attachments to the pelvis and rib cage
(see figure 4.34). Specifically, the fibers of the QL cross-link the vertebrae and have a large lareral
moment arm via the transverse process attachments. Thus, by its design the QL. could burtress
shear instahility and be effective in stabilizing all loading modes. Typically, under compressive
load the first mode of buckling instability is lateral (Lucas and Bresler, 1961): the QL can play a
significant role in local lateral burtressing. Also, the QL hardly changes length during any spine
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CLINICAL motion (see¢ table 4.2 on page 55 and MeGill,
reLevance / Quadratus Lumborum 1991h), suggesting that it contracts virtually

isometrically. Further insight into its special
function comes from an earlier observation
that the motor control system involves this
muscle together with the ahdominal wall
when stability is required in the absence of
major moment demands.

The muscle appears 1o be active during
a variety of flexion-dominant, extensor-
dominant, and lateral bending tasks. (Note
that myoelectric access to the QL is quite
tricky, and it is difficult to confirm where the intramuscular electrodes are within the muscle.
Certainly our technigues on this muscle were notvery precise. In addition, they tend to migrate
upon contraction, further clouding interpretation of the signal.) Andersson and colleagues
(1996) found that the QL did not relax with the lumbar extensors during the flexion-relaxation
phenomenon. The flexion-relaxation phenomenon is an interesting task since there are no
substantial lateral or twisting torques and the extensor torque appears to be supported passively,
further suggesting some stabilizing role for the (L.

In another L.qk_rmn_nt {note again that our laboratory techniques tw obain QL activation
were rather imprecise at the time), subjects stood upright with a bucket in each hand. We inere-
mentally increased the load i each bucket (resulting in progressively more spine compression).
Ohur data suggest that the QL increased its activation level (together with the abliques) as more
stability was required (MeGill, Juker, and Kropf, 1996b). This task forms a special situation
since only compressive loading is applied to the sping in rhe absence of any bending moments.
In summary, the strength of the evidence from several perspeetives leaves one to conclude that
the QL performs a very special stabilizing role for the lumbar spine in a wide variety of tasks.

The QL appears to be highly involved
with stabilization of the lumbar spine,
together with other muscles, suggest-
ing that a clinical focus on this muscle
is warranted. Exercises emphasizing
activation of the QL while sparing the
spine are described in part 111, “Low Back
Rehahilitation.”

Muscle Summary

This section has provided an overview of the roles of the muscles of the runk in supporting
postures and moving and stabilizing the lumbar spine. The posterior muscles were presented
in four large functonal groups, The deepest group (the small rotators) appear to act as posi-
tion sensors rather than as torque generators. The more superficial extensors (mulafidus and
iliccostalis lumborom and longissimus thoracis) fall into three categories w

*  generate large extension moments over the entre lumbar region,
- genorate Ih)ﬁtt:l‘iﬂl‘ S]'IE&I‘, or

» affect and control only one or two lumbar segments.

The roles of the abdominal muscles in vunk Nexion and in trunk stabilization were high-
lighted together with the roles of the psoas and QL. Clearly, many muscles play a large role in
protecting the low back from injury. Chapeer 12 applies these findings to exercise regimens for
individuals with low back pain.

Ligaments

When the lumbar spine is neither flexed nor extended (neutral lordosis), only muscle contribu-
tions need be considered in the mechanics to support the spine. However, as the spine flexes,
bends, and twists, passive tissues are stressed; the resultant forces of those tissues change the
interpretation of injury exacerbation, the discussion of clinical 1ssues, or bath. For this reason,
Iintroduce the mechanics of passive tssues in this section, followed by some examples illustrat-
ing their effects on clinical mechanics. Also fascinating is the distribution of mechanoreceptors
documented in every lumhar ligament and fascia. Solomonow and colleagues’ (2006) recent
evidence suggests a significant proprioceptive role for spinal ligaments,
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Longitudinal Ligaments

The vertehrae are joined to form the spinal colomn by two ribbon-like ligaments, the anterior
longitudinal and the posterior longitudinal ligaments, which assist in restricting excessive flexion
and extension (see figure 4.35). Both ligaments have bony attachments i the vertebral bodies and
collagenous attachments to the annulus. Very little evidence exists for the presence of mechano-
receptors in these igaments, Posterior w the spinal cord is the ligamentum flavam, which is
characterized by a composition of approximately 80% elastn and 20% collagen, signifying a
very special function for this ligament, It has been proposed that this highly elastic structure,
which is under pretension throughout all levels of flexion, acts as a barrier to material that could
buckle and encroach on the cord in some regions of the range of motion,

Interspinous and Supraspinous Ligaments

The interspinous and superspinous ligaments are often classed as a single structure in anatomy
texts, although functionally they appear to have quire different roles. The interspinous ligaments
connect adjacent posterior spines but are not oriented parallel to the compressive axis of the
spine, Rather, they have a large angle of obliquiry, which has been a point of contention. For
vears most anatomy hooks have shown these ligaments with an oblique angle that would cause

Ligamentum flavum

R e ||
\ %\*&ﬁ‘}g 1=

Supraspinous ligament

Interspinous ligament
(dorsal)

(middle)
(ventral)

Anteriga' lergitudingl Posterior longitudinal
ligament ligament

Figure .35 Major lumbar ligaments, Note the controversy surrounding the interspinous ligament
infigures 4.36 and 4.37.

."'||!|.I|IM-1.|. Ewye s, fromi |oWatkins, 1999, Spruenie and Functian of the M wodbolos) Spsrern. 1T |1.|r|1}|.|i;.':n. IL: Hiuivsan
Rineticsy 149
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posterior shear of the superior vertebrae (see figure 4.36), This error is believed to have originated
around the turn of the century, with the hypothesis being that an artist held the vertebral section
upside down when drawing; other artists simply copied the previous arr rather than looking ar
a spine. This was corrected by Heylings (see figure 4.37), noting that mdeed these ligaments
have the obliguity to resist posterior shear of the superior vertebrae—but also impose anterior
shear forces during full Aexion (Heylings, 1978). While many anatomy texthooks suggest that
this ligament serves to protect against excessive flexion (based on erroneous anatomy), 1 do not
believe this notion is correct. Heylings (1978) suggested that the ligament acts like a collateral
ligament similar to those in the knee, whereby the ligament controls the vertebral rotation as
it follows an are throughout the fexion range. This in turn helps the facet joints remain in
contact, gliding with rotation. Furthermore, with its oblique line of action, the interspinous
ligament protects against posterior shearing of the superior vertebrae and is implicated in an
injury scenario discussed later in this chapter.

In contrast to the interspinous ligament, the superspinous ligament is aligned more or less
parallel to the compressive axis of the spine, connecting the tips of the posterior spines. It
appears to provide resistance against excessive forward flexion. Finally, both supraspinous and
interspinous lgaments have an extensive network of free nerve endings (type TV receprors)
(Yahia, Newman, and Rivard, 1988} wogether with Ruffini corpuscles and Pacinian corpuscles
(Yahia, Newman, and Rivard, 1988; Jiang et al., 1995). Yahia and colleagues (198¥) and
Solomonow and colleagues (2000) suggest a propricceptive role for the ligaments to prevent
excessive strain in fully Aexed postures and—given their architecture—quite possibly when
under excessive shear load,

Incorrect
— fiber
orientation

Low Back Disorders

Figure 4.36  For most of the past 100 yvears many
anatomical artists have drawn the interspinous
ligament upside down, as shown in this example,
Such drawings have caused the ligament fune-
tion to be misinterpreted as that of a supporter
of anterjor shear, which is incorrect. The ariginal
figure of this example, from |. Watkins, 1999,
Structure and Function of the Musculoskeletal
System {Champaign, IL: Human Kinetics), was
drawn comrectly but has been altered to illustrate
the incomect rendering many artists have drawn

in the past.
Adapted, by permission, from | Watkins, 19959, Stuchere and
Fonetiom of the Moascoloskelestal Sptern -_f'hmTangn. IL: Hamman
Kitwstiesi, 14%.

Figure 4.37 The interspinous ligament
runs obliguely to the compressive axis and
thus has limited capacity to check flexion
rotation of the superior vertebrae, Rather,
the interspinous ligament may act as a col-
lateral ligament, cantrolling vertebral rota-
tion and imposing anterior shear forces on
the superior vertebrae, (ZG) Zyaapophyseal
joint or facet joint, (L2}, (L3) lumbar spinous
processes,

Ackapied, b permission, from T Heylings, 1978, "Supra-
spiness and intersprinous ligaments of the: hurnan lumbare
spoine,” featierial o Andtovny FES0EE 139 Cepreright Black-
well Publishing.
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%{?{g‘:ﬂlﬂ[> Interspinous Ligament Architecture

The interspinous ligament appears to provide a collateral action as it guides the sliding motion of
the facet joints and checks posterior shear of the superior vertebra. The flip side of this functional
role is that during full flexion the superior vertebra is sheared anteriorly, often adding to the reaction
shear forces produced in a forward bending posture. Therapeutic exercise recommending full spine
flexion stretches must consider the resultant shearing forces imposed on the joint by interspinous
ligament strain. Too often, even those patients with shear pathology—ior example, those with spon-
dylolisthesis—are prescribed flexion stretches. This appears to be ill-advised.

Other Ligaments in the Thoracolumbar Spine

Orher lgaments in the thoracolumbar spine include the intertransverse higamenes and the facet
capsule.

* Intertransverse ligaments. These ligaments span the transverse processes and have
been argued ro be sheets of connective tissue rather than true ligaments (Bogduk and Twomey,
1991). In fact, Bogduk and Twomey suggest that the intertransverse ligament membrane forms
a seprum between the anterior and posterior muosculature that is an embryological holdover
from the development of these two sectons of muscle,

* Facet capsule. The facet capsule consists of connective tissue with bands that restrict both
the joint flexion and the distraction of the facet surfaces that result from axial twistng. The liga-
ments that form the capsule have been documented w be rich in proprioceptive organs—Pacin-
ian and Ruffini corpuscles (Cavanaugh et al., 1996; McLain and Pickar, 1998)—and have been
observed to respond to multidirectional stress (Jiang et al,, 1993}, at least in cars.

Normal Ligament Mechanics and Injury Mechanics

Determining the roles of ligaments has involved qualitative interpretation using their attachments
and lines of action together with functional tests in which successive ligaments were cut and
the joint motion was reassessed, Early studies attempting to determine the amount of relative
contribution of each ligament to restricting flexion were performed on cadaveric preparations
that were not preconditioned prior to testing, This usually entails a loading regimen so that the
cadaveric specimens better reflect in vivo behavior. Specifically, the investigators did not take
into account the fact that upon death, discs, being ]'L-.ncl]'r:nI:lli]irl:+ increase their water content and
consequently their height. The swollen dises in cadaveric specimens produced an artficial preload
on the llgﬂmr,umdmest to the dise, inappropriately suggesting that the ca psulm and longitudinal
ligaments are more important in resisting flexion than they actually are in vivo. For this reason,
these early data deseribing the hmetional roles of various hgamn.ntu were incorrect. The work
of Sharma and colleagues (1995) showed that the major ligaments for resisting fexion are the
supraspinous ligaments. Those early studies showing that the posterior longitudinal ligament
and the capsular ligaments are important for resisting fexion did not employ the necessary
preconditioning just discussed,

Mechanical failure of the ligaments is worth considering, King (1993) noted that soft tissue
injuries are commaon during high-energy, traumatic events such as automobile collisions, Our
own observations on pig and human specimens loaded at slow load rates in bending and shear
modes suggest that excessive tension in the longimdinal ligaments causes avalsion or bony Fail -
ure near the ligament artachment site. Noyes and colleagues (1994) noted that slow serain raves
(L66%/s) produced more ligament avulsion injuries, while Fast strain rates (66%/5) resulred in
more midligamentous failure, at least in monkey knee ligaments. The clinical results of Ris-
sanen (1960, however, showed thar approximately 20% of randomly selected cadaveric spines
possessed visibly ruptured lumbar interspinous ligaments, while the dorsal and ventral portions
of the interspinous ligaments and the supraspinous ligaments were intact,
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CLINICAL X . These could be considered o represent
recevance / Patterns of Ligament Injury the living population. Given the oblique fiber

directuion of the interspinous complex (see
figure 4.37, page 64), a very likely scenario of
interspinous ligament damage is falling and
landing on one’ hehind, driving the pelvis
forward on impact and ereating 4 posterior
shearing of the lumbar joints when the spine
is fully flexed. The interspinous ligament is
: ; : a major load-bearing tissue in this example
dents in which the ligaments could have o i e e el ey
; of high-energy loading characterized by
been damaged. If the traumatic event Pei g T Ltiat il
occurs at work but the delayed sequellae 2 hor o Bplacesent comileoel min
: bl 2 full flexion. Considering the available data, 1
develop later during an event at home, is ; 2
: & : : helieve that damage to the ligaments of the
this compensable! Arguing these types of s Y e fat e i
iestions requires a solid understanding Sl RTIDUE Y T LIS LR QURINGN,
II]U. i i is not likely during lifting or other normal
of injury mechanisms. e L :
occupational activities. Rather, ligament
damage seems to occur primarily during
trawmatic events, as described carlier, The subsequent joint laxity is well known to accelerare
arthritic changes (Kirkaldy-Willis and Burton, 1992). What has been said in reference to the
knee joint, “Ligament damage marks the beginning of the end,” is also applicable to the spine
in terims of heing the initiator of the cascade of degenerative change.

Torn spinal ligaments appear to be the
result of ballistic loading—particularly
slips and falls or traumatic sporting
activity with the spine at its end range of
maotion. Those with recently developing
spine symptoms and accompanying spine
instability can often recount prior inci-

Lumbodorsal Fascia (LDF)

While a funcrional interpretation of the lumbodaorsal fascia (LDF) (also called the thoracolumbar
fascia by some) is provided later, a short anatromical description is given here. First, the fascia has
hony attachments on the tips of the spinous process (except the shorter L3 in many individuals)
and to the posterior-superior iliac spines (PSIS). Some fascial connections cross the midline,
suggesting some force transmission, thus completing the hoop around the abdomen with the
previously described abdominal fascia anteriorly. The mransverse abdominis and internal oblique
muscles obtain their posterior attachment to the fascia, as does the latissimus dorsi over the upper
regions of the fascia, The fascia, in wrapping around the back, forms a compartment around the
lumbar extensors (multifidus and pars lumborum groups of iliocostalis and longissimus) and has
been implicated in compartment syndrome
(Carr etal., 1985; Styf, 1987) (see figure 4.38).
Recent studies attribute various mechanical
rodes to the LDE In fact, soime have recom-
mended lifting techniques based on these
hypotheses. However, are they consistent
with experimental evidence? Gracovetsky
and colleagues (1981) originally suggested
that lateral forces generated by the internal
ohlique and transverse abdomims muscles are
transmitted to the LDF via their attachments
torthe lateral border, and thar the fascia could
support substantal extensor moments. They
hypothesized that this lateral tension on the
LDF increased longitudinal tension by virtue
Figure 4.38 Collagen fiber arrangement in the LDF binds ot tl'l“f collagen fiber obliquity in the LDF,
the lumbar extensor muscles and tendons from the thoracic  Causing the posterior spinous processes to
muscles logether as they course to the sacral anachments. move ogether, resulting in lumbar extension.
Thus, one of the functions of the LDF appears to be acting as  This proposed sequence of events formed an
an extensor muscle retinaculum—and a natural abdominal-  attractive propositdon because the LDF has
back belt. the largest moment arm of all the extensar
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tissues. As a result, any extensor forces within
the LDF would impose the smallest compressive
penalty to vertebral components of the spine.

However, three studies, all published about
the same time, collectively challenge the viability
of this hypothesis: one by Tesh and colleagues
(1987), who performed mechanical tests on
cadaveric marerial; one by Macintosh and col-
leagues (1987}, who recognized the anatomical
inconsistencies with the abdominal activation;
and one by McGill and Norman (1988), who
tested the viahility of LDF involvement with the
latissimus dors: as well as with the abdominal
muscles (see figure 4.39). These collective works
show that the LDF is not a significant actve
extensor of the spine. Nonetheless, the LDF
is a strong tissue with a well-developed lattice
of collagen fibers, suggesting that its functon
may he that of an extensor muscle retinaculum
(Bogduk and Macintosh, 1984), or nature’s back
belt, In addition, the fascia does contain hoth
Ruffini and Pacinian corpuscles wogether with
diffuse innervation (Yahia, Newnuan, and Rivard,
19983, The tendons of longissimus thoracis and
ithocostalis lomborum pass under the LDT to their sacral and thiac attachments. It appears that
the LDF may provide a form of retinacular “strapping” for the low back musculature. Finally,
the abdominal wall and the latissimus dovsi forces add tension to the fascia and stiffness to the
spine to prevent specific types of unstable behavior and tissue damage (explained in chapter 6
on spine stability).

Figure 4.39 Stress lines in the LDF indicate that the
latissimus dorsi is the dominant force activator—at least
in this example.

Lumbodorsal Fascia Anatomy: Nature’s Back Belt

67

No evidence justifies specific lifting techniques to involve the LDF for extension of the spine. How-
ever, activation of the latissimus dorsi and the deep abdominal obliques contributes stiffening (and
stabilizing) forces to the lumbar spine via the fascia iguidelines for activating these muscles are
provided in chapter 12). Furthermore, the LDF appears to act as a retinaculum and probably fulfills
a proprioceptive function. It is part of a “hoop” around the abdomen, which consists of the LDF
posteriorly, the abdominal fascia anteriorly, and the active abdominal muscles laterally; the three
together complete the stabilizing corset (see figure 4.40). As noted earlier, this also appears to be an
important elastic energy storage-recovery device for ballistic athletes, tuned by the obliques.

A Quick Review of the Pelvis, Hips,
and Related Musculature

A healthy back depends on proper function in the pelvis and hips for several reasons. Power
15 usually generated at the hips, for both performance and safety reasons. Further, the pelvis
acts as the platform for the spine. Given the exercises that ensure optimal hip function
with spine integradon shown later in this hook, a brief overview of the relevant anatomy 1s
provided here.

The pelvis is usually sectioned into three regions, the ilium, the ischium, and the pubis,
Articulations and small motons oceor at the pubis anteriorly and at the sacroiliac joints (see
figure 4.41). Several nerve block studies have shown these to be potential causes of pain. Probably
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Abdorminal fascia

Transverse External Internal
abdominis oblique oblique

Lumbodorsal
fascia

Figure 4.40 The abdominal fascia, anteriorly, and the LDF, posteriorly, are passive parts of the
ahdominal hoop. The lateral active musculature (primarily the larger internal oblique and external
oblique together with the smaller transverse abdominiz) serves to tension the hoop (dashed arrows).

the most relevant factor for éxercise-related issues 1s the architecture of the muscles. Psoas
and iliacus have already been described for their role in hip fexion and stabilization, Gluteus
maximuns is primzrilv a hip extensor and external rotator, while gluteus medius and ghltm.n
minimus are primarily abductors and thus remendoushy important for any activity that requires
single-leg stance or gait with directional change. They assist the spine musculature (such as QL
and the obliques) to hold the pelvis up during qlngleJeg suppaort and thus are key players in
spine stability during gait. They also externally rotate the femur, which is a functonal feature
we will use to full advantage in the design of squat exercises later in this book. There are other
“gluteal” muscles known as the deep six (piriformis, obturator internus and externus, gemellus
superior and inferior, and quadratus femoris), which together assist in controlling internal and
external rotation,

The muscles in the hamstring group (biceps femoris, semitendinosus, semimembranosus)
extend the thigh, flex the knee, and perform stabilizing roles over each of these joints. In many
upright situations, particularly walking and running, their most important role is in “braking”
with eccentric contraction. Yet in stooped postures, particularly lifting, the hamstring groups
are very important for their contributions to hip extension. The medial thigh muscles adduct
the thigh, The quadriceps extend the knee and provide a patellar tendon tracking functon. One
member of the “quads,” rectus femoris, crosses the hip joint anteriorly o create hip flexion.
“Tight" hamstrings are often hlamed for back troubles, but as is noted several times in this book,
this blame is often misdirected. The bulk of evidence supports neither a link between shorter
hamstrings as a predictor of back troubles nor the idea that stretching enhances strength output
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Figure 4.41  View of the pelvis and hips. Together they function to stabilize and create hip power,
) H&|Jr||l|t~|l_ by permission, from S 5hultz, 2005, Examization of i LS Keferal injiries T T II'.Z|1.11||;J.':|5;|I.. 1L: Human Kimnetics|, 477

e ) et imted, by |er rissa0n, froim B, Belnke, 2005, Kimatic anadomy, 2nd ed. i< Marmunign, L Human Kineticsy 178,

(e.g., Fowles et al., 2000; Avela et al., 2003} and offers no protective value against mjury risk
(e.g., Black and Stevens, 2001). Furthermore, what is often atributed to *hamstring oghtness”
is actually neural tension so that stretching only worsens the back and radiating leg symproms.
There is some evidence to suggest thar hamstring trauma can lead to neural tension (Butler,
1989), although more often the source of the neural tension is associated with a lumbar nerve

root oF central stenosis,
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Training the Hip Musculature

No single exercise can train all hip muscles, although there are some particularly good ones. For example,
the one-legged squat is particularly functional, since quadriceps are active for knee extension and patella
control, hamstrings for knee stability and hip extension, the gluteals for hip extension and hip abduction, and
the adductors and gluteal deep six for hip stabilization. Another clinical issue is the peril in training hip flexion
power given the associated loading of the lumbar spine. This is usually reserved for those who no longer have
pain—training hip flexion often retards progress toward the elimination of pain. It is usually wise to build
extensive spine stability prior to progressions into building hip power,

Considering these muscles demonstrates the tremendous number of them that cross the hip
joint. Collectively, they are able to create significant power, and they can direct force in a pow-
erful manner in many directions. In many cases they are the major power source for functional
pm'furrnanu ”ipmhcal]v they create and direct force while changing IL]‘Jgth ar rapid speed.
Many of them cross both the hip and knee joint, indicating that functional training must involve
rasks that challenge both joints ar different velocities. Furcher, this training must incorporate
lateral motion and rotatonal motion in the ransverse plane,

Clinically Relevant Aspects of Pain
and Anatomic Structure

Recall from the introduction to this book that rissue damage can alter the biomechanics of a
spinal joint and that once the hiomechanics have changed, any innervated tissue can be the
candidate for symptoms, Pain originates with the free nerve endings of the various pain recep-
tors that typically form small nerve fibers. As noted by Guyton (1981), not all of the small fibers
originate in pain receptors: Some originate in organs sensitive to temperature, pressure, or other
“touching” sensations, Pain also may be initiated at higher levels in the pain pathway: Howe and
colleagues (1977) demonstrated that mechanical pressures on the dorsal root ganglion produce
discharges for up o 25 minutes following the removal of the mechanical pressure. In addition,
Cavanaugh (1995) showed that nerve endings are sensitive o chemical mediators released
during tissue damage and inflammation. Some studies have attempred to examing inflammatory
processes by the injection of various chemicals. For example, Ozaktay and colleagues (1994)
injected carrageenan into the region of nerve receptors around the facet joints of rabbits and
reported that the discharge from the pressure-sensitive neurons lasted for 3 hours. This finding
suggests that tissue damage producing inflammatory processes may contribute to a long-lasting
musele spasm. In a recent summary, Cavanaugh (1995) presented evidence to document the
possible role of various chemical mediators that sensitize various components along the pain
pathway so that pain is produced during events that are normally nonnoxious. Much remains
t be understood.

Bogduk (1983) provided an excellent review of the innervation of lumbar tissues. For example,
the facet is well innervated with a variety of low- and high-threshold nerves, suggesting both pain
and nociceptive functions. Free nerve endings also have been observed around the superficial
lavers of intervertebral discs,

Tissue-Specific Types of Pain

I have had some personal experience with direct mechanical irrication of specific low hack vissues
and the resultant pain. Admittedly, these results are limited, given the single subject (myself) and
the subjectve nature of the ohservations, but I believe they are worth reporting nonetheless. 1
obtained these insights from indwelling EMG experiments in which needles were used to implant
fine wire EMG electrodes in the psoas, QL, multifidus, and three layers of the abdominal wall.
Many people have experienced the burning sensation as the needle penetrates the slan. Thas s
cutaneous pain, as the applicadon of fce and a hot material feels similir. As the needle applies
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pressure to, and punctures through, the LDF, the pain is felt as 4 seraping sensation and some-
times as an elecric current. The same sort of pain is felt as the needle progresses through the
different sheaths between the layers of muscle of the abdominal wall. It is interesting to note
that fibromyalgic patients sometimes report this seratchy type of muasculary located pain—it
is very consistent with epimysium and fascia irritation. Once the needle was inside the muscle,
no pain was perceived, just an occasional feeling of mechanical pressure. As the needle touched
the peritoneum of the abdominal cavity in any location, a general intestinally sick feeling was
praduced in the abdominal region, focused anteriorly to a small area just below the naval. As
the needle touched the bone of the vertebra, even with very light pressure, a very pointed and
“boring” pain was produced, similar to the pain experienced on being kicked in the shins. Once
again, the reader must realize that these are the experiences of a single person. Nonetheless,
they do provide crude qualitative insight into the types of pain produced in specific tissues.

Can Pain Descriptors Provide a Reliable Diagnosis?

Pain is clearly pmdu{:&d from tissue irritation, particularly mechanical overload. Some have
argued that some tssues may or may not be candidates for sources of pain based on the presence
or absence of nociceptive nerve -:ndu'm This may be a diversionary argument. If the overload
is sufficient ro damage tissue and produce hiomechanical change in the joint, then the loading
patterns of other gssues are disturbed. Thus, even though one tissue may nor be capahle of
producing pain, if it is damaged sufficiently to shift load to another suitably innervated tissue,
pain may result. For example, innervated annulus and dise end plates may be sources of pain
as a consequence of end-plate fracture or annular herniation. But end-plate fracture can cause
sigmificant dise height loss, which can lead to nerve entrapment, complex joint instability, sub-
sequent facet overload, and so on. Once the biomechanics of the joint have been altered, itis no
longer fruitful to artempt to diagnose specific tisspe damage; the picture 1s complex. Functional
diagnosis is the only feasible option,

A Final Note

In this chapter, a rudimentary anatomical and biomechanical knowledge on the part of the reader
is assumed. Using this foundation, some anatomical features were reviewed that are not often
considered or discussed in classic anatomical texts. Serious discussion of anatomy must involve
function and, by extension, must consider biomechanics and motor control. Hopefully, the
functional discussions throughout this chapter have stimulated you to give more consideration
to the architecture of the lumbar spine. The challenge for the scientist and clinician alike is 1o
become conversant with the functional implicatons of the anatomy, which will guide decisions
to develop the most appropriate prevention programs for the uninjured and the best treatments
for patients.
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CHAPTER 5

Normal
and Injury Mechanics
of the Lumbar Spine

hapter 4 described the tissues, or the anatomical parts, and their role in function; this chaprer
will describe the normal mechanics of the whole lumbar spine. Since most biomechanics
texts provide descriptions of spine motion, T will address thar only briefly here, Instead, T will
focus on the functional implications of that motion, which are far more important, T will also
explain injury mechanisms and the changes that follow injury. Controversy remains as ro whether
these changes are a consequence of injury or in fact play a causative role.
Upon completion of this chapter, vou will be able 1o explain the role of tissues in various tasks
and consequently identfy back-sparing rechniques. In addition, you will understand the changes
that follow injury, which have an impact on functional ability and rehabilitation decisions.

Kinematic Properties of the Thoracolumbar Spine

The ranges of thoracic and lumbar segmental motion about the three principal axes (shown in
table 5.1) demaonstrate the grearer flexion, extension, and lateral bending capability of the lumbar
region and the relatively greater twisting capahility of the thoracie region, While the segmental
ranpges shown in the table are population averages, keep in mind that a large variability exists
among people, among age groups (McGill, Yingling, and Peach, 1999), and among segments
within an individual.

Joint stffness values convey the amount of translational and rotaoonal deformaton of a
spine section under the application of force or moment, The average stiffness values (shown
in table 5.2 compiled by Ashton-Miller and Schulrz, 1988) document the translational stiffness
of the spine in a neutral posture; they indicate greaver soffness under compression than under

Motion Palpation—Pathology or Normal Asymmetry?

Stiffness asymmetries during bending to the right compared to the left and during twisting clockwise
compared to counterclockwise at specific vertebral levels are not uncommon, This finding is of
great importance to the clinician who may sometimes suspect pathology at a specific location but

is simply experiencing normal anatomical asymmetry.

Recent work by Ross and colleagues (1999) exernplifies the peril in assuming that a joint with
an asymmetric feel upon palpation is pathological. Clinicians who hold to a typical motion palpa-
tion philosophy will often identify an abhormal feeling at a specific spinal level as the target for
therapy. Sometimes the asymmetrical stiffness may simply be asymmetric skeletal anatomy—perhaps
a single facet with a unigue angular orientation. Obviously, such a joint would be resistive to any

“mobilizing” therapy.
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Table 5.1 Range of Motion of Each Spine Level (in Degrees)

Flexion and
extension Lateral

Level Flexion combined Extension bending Axial twist
T1-2 4 i} 9
T2=3 4 B &
T34 4 b 8
T4-5 4 b 8
T5-6 4 & i
Th-7 b b b
17-8 i} ] &
T8-9 6 b 7
T9-10 | b 4
Ti0-11 7 2
T11-12 12 q 2
Ti2-L1 T2 & 2
L2 a 5 B 2
12-3 10 3 5] 2
134 12 ] i 2
L4-5 13 2 F 2
L5-51 9 5 3 5

Al data are froon White and Fanjabt (1978, except lexdon and exterssn lumiar data, which ame from Pearcy et al, 0 984 and Pearcy
] Tibeswal {19484)

Table 5.2 Average Stiffness Values for the Adult Human Spine

SHEAR BEMNDING
Spine level | Comp. | Ant./Post. Lat. Flex./Ext. Lat. Axial torsion
T1-T12 1250 BOSET 101 155/189 172 149
L1-L5 667 1457143 132 80166 92 395
L5-51 1000 7872 97 1204172 206 264

Coenprodsion aid shear values we given in seatons per millimeter and beading amd acial worsion oewton-meters per ddu.
T1-T12 data froem White and Panjabi (1978), L1-L5 data frem Schuloz et al, (0979 and Berkeon, Machemsom, and Shuli (8979,
1551 chatay dtrovm Mo CGEashen et al, | 1T9ET)

shear loads, In rotatonal modes, greater stitfness oceurs during axial torsion than during rota-
tion about the flexion-extension and lateral bending axes. While generally the range of motion
decreases with age, certain injuries, particularly to the disc, can increase the range of maotion in
hending and shear translation (Spencer, Miller, and Schultz, 1985 ). Kirkaldy-Willis and Burton
(1992} implicated these large unstable movements in facet joint derangement. Recent data have
quantified the increase in the range of motion about all three spine axes as disc degeneration
proceeds from grade [ to grades Il and TV, Radial tears of the annulus are most prevalent in
these stages. But this extra motion is replaced by extreme loss of motion in grade V dises, which
are characterized by collapse and osteophyte formation (Tanaka e al,, 2001).

Copyrighted Material

73


http://www.go2pdf.com

Copyrighted Material

74 Low Back Disorders

As the spine moves in three dimensions (flexion-extension, lateral bend, and twist), the align-
ment of muscle veetors changes with respect to the vertebral orthopedic axes. This causes the
role of the various muscles to change. Sometimes their relatve contribution w producing a
specific moment changes along with the resultant joint compression and shear. Musele lengths
and their moment potential as a function of spine posture are shown in table 4.2 (page 55) and
table 5.3. A range of extreme postures is shown in figure 5.1. Some muscles close to the spine
obviously do not undergo great length excursions,

Figure 5.1 A range of extreme postures was chosen to assess muscle length changes (table 4.2) and their potential to
produce three-dimensional moments itable 5.3). Postures depicted are (a) upright standing, (b} 60° flexion, ¢/ 25% R lateral
bending, (d) 10 twist, and e} combine.

Lumbopelvic Rhythm

The typical description of torso flexion suggests that the first 60° of torso flexion takes place in the lumbar
spine, while any further flexion is accomplished by flexion about the hips (see figure 5.2). Although this
notion is very popular in clinical
texthooks, we have never measured =r
this strict sequence in anyone, In
fact, Olympic weightlifters atternpt
to do the opposite—they lock the
lumbar spine close to the neutral :
position and ratate almost entirely

about the hips. When the lumbar /:,
spine and hipinterplay is quantified 1

in most people, it is apparent that
torso flexion is accomplished with
a combination of hip motion and :
lumbar spine flexion. In fact, given Upright
the ligament and annulus stresses

associated with lumbar flexion, —
avoidance of full spine flexion is Figure 5.2 The lumbopelvic rhythm is the textbook description of how people

hoth prophylactic and therapeutic  bend over, The first 60° takes place in the lumbar spine (llexing), while further
for most patients. The belief that the  otation of the torso is accomplished with rotation about the hip. We have never
lumbopelvic rhythm (with distinct rmeasured this sequence in anyone—from professional athlete to back patient:

separation of spine and pelvic motion) is beneficial, as described in so many textbooks, appears to be a clinical
miyth and not the product of quantified spine and pelvis motion.

s ———

Spinal
flexion

Spinal flexion

standing and pelvic tiling
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Kinetics and Normal Lumbar Spine Mechanics

[nterpretation of the function of the anatomical components of the lumbar spine requires

*  analysis of their architecture and neural activation of muscles, and
*  knowledge of forces in the individual tissues (both active and passive) during a wide
variety of tasks.

This information is crucial for understanding how tissue overloading and injuries occur and
also for optimizing treatment strategies for specific spine injury. Table 5.4 and figure 5.3 provide
activation levels quantified with surface and intramuscular electromyography (EMG) for a variety
of torso muscles and over a variety of activities. These will be referred to throughout this book.
This section will address several issues and controversies about the functional interpretation of
the thoracolumbar anatomy. Given the inability of the clinician and scientise to measure individual
tissue forces in vivo, the only tenable option is tw use sophistcared measurement technigques
to collect various biological signals from living subjects and integrate them with sophisticated
modeling approaches to estimate tissue loads. In chapter 2, 1 described briefly the technique we
wsed o assess the various issues in this chaprer (the virmual spine).

Loads on the Low Back
During Functional Movements

Of course, no one can avoid performing countless functional movements every day. And if vour
patient’s form 15 poor for any of those movements, he is exacerbating his low back problems
simply by going abour his business, Thus, you must be able to analyze how your patient moves
in all sorts of ordinary situations so that vou can identfy and explain where his problems lie,
and how to correct them,

Standing and Bending Forward

Several studies over the years have shown the flexion-relaxation phenomenon, or the apparent
myoelectric silence of the low back extensor muscles during a standing-to-full-flexion maneuver,
The hypothesis has been that, as full flexion occurs, either the extensors shut down their nearal
drive by reflex or the passive tissues simply take the load as they strain under full flexion. A
study by MeGill and Kippers (1994) using the virtual spine approach deseribed in chapter 2
quantified individual tissue forces, thus adding more insight into the understanding of this
task. As one bends forward, the spine flexes and the extensors undergo eccentric contrac-
tion. As full Nexion is approached, the passive tissues rapidly take over moment production,
relieving the muscles of this role and accounting for their myoelectric silence. Figure 5.4
shiows the relative contribution of the museles and the passive tssues (ligaments, dise, and
gut) to the reaction moment throughout the movement, while rable 3.5 documents the
distribution of tissue forces and their moments and joint load consequence, Interestingly,
the “relaxation” of the lumbar extensor muscles appeared to occur only in an electrical sense
because they generated substantial force elastically during full spine Aexion through strerching.
Perhaps the term flexion-relaxation is inappropriate, particularly for those who may be atempring
o minimize forees in the muscle in clinieal settings. Furthermore, the shear loading is substantial
(see chapter 4 for a discussion of the igament and muscle directoons and the loss of shear support
in the extensors with full flexion) and would suggest caution for those with spandylolisthesis or
other more subtle shear instahilines. Clearly, straight-leg toe touches or knees-to-chest siretches
would cause similar concern,

Loads on the Low Back During Lifting

During lifting, muscle and ligament forces required to support the posture and facilitate meove-
ment impase mammoth loads on the spine. This is why lifting technique is o important to
reduce low back moment demands and the risk of excessive loading. The following example
demonstrates this concept.
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Figure 5.3 Schematic documenting various tasks during which EMG signals were obtained. They are listed in table 5.4,

Hl.=|||i|1ll.'||. i [rermsskan, fom 12, Jukeer S0 MeGEl S0, 'M'l.-||f. I Steffien, 1908, “Claantitative inbamusoular mreoelectris aotvity of lumbua posticin af s and

the abdominal wall during a wide variety of tasks,” Medicine and Sclerce i Sports and Exerclse 2001 301-110
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Lift heavy load (50-110 kg) 16 (18} 5 {6) 5 (x4 10411 10 {£9) 17 1x23) FRES] 62 (+12)
Symmedtric bucket hald, 20 kg 44 |h) 2 (x4) Ti£1} 7 x4 5 1+3) 5(x1) 10 (£7) 3 ixd) 3 (£h)
30 kg 166 |b) 3 (x4) 1(z1) 9 (x5 6 (x4) bi+l) 10 (+8) 31£3) 4 (£7)
40 kg (88 |b) 3 (£5) 1(x1) 10 (6] EREY 6 (£2) 10 1+8) 3 (£3) 3 (£2)
Oka 11£2) Dz} 24z} & (=2} 210 10 (59 2 =1} 2 x1)
Seated isom. twist COW 30 (=20) 17 (£15) 18 (+8) 43 (+25) 44 (£15) 17 (222 7 {ed) 14 (+6)
Seated isom. twist CW 23 (220} 11 1£8) 52 1£13) 15 1£11) 18119 134100 RSN 13 1£8)
Standing hip internal rotation 27 (x18) 10 (+9) 18 (£12) 24 (£23) 33 (x20) 13 (£9) R 18 (£6)
Standing hip external rotation 27420 224149} 1712130 21019 1) 13 (+8) 19411} 17 4£9)
Sitting-hip internal rotation 1891{£15) 21 {+18) 36 1£31) 30 {2304 371 i£2% 18 (£ 20 (=19} 12 'i:l:ﬁ'-]
Sitting hip external rotation 32 i£25) 25 (+20) 11 (5 15 1£17) 16 1£13) I5 14 16{=13) B =8
Sitting upright 12027) 7 (x5} 3 (£6) 3 1£3) 4 (£2) 17 (£ 4 1£2) 58
sinting slouched/relaxed 4 (+4) 34z3) 2 [z5) 2+ 4(+3) 17 (£11) 34+ 5 [+8)
Quiet standing 2041} 1(1) 3 (+4) 5 (3] 41£2) 5 {+5) 3 (+3) LT
Standing extended 3 (22} 2{£1) 12 {9 Bi+d) 51+3) 11 1£5) 4 {£3) 7 [£8)
Standing lateral bend, left 9 (1) 1(z2) 11 8] 18 (+14) 12 {£7) 1327 3{x2) 11 x13)
Standing lateral bend, right b (£5) 11£2) 149 (£18) T8 (£14) 25 (£ 14 i+9) 3ix1) B +8)
Seated lateral bend, moving left 2 {23} 121} 21 (=19) 7T Tix11} 13 (£48) 4 (+3) 6 (£7)
Seated lateral bend, moving right 18 (12 2 (£2) 15 (x26) 10 (£7) 12 {£7) 17 {220) 5 x4} 5 (2B}
Upright 14 (=% 8 (x4} 0 (x4} 51£3) > (£5) 19.4£23) 54x3) & (L8}

[euajey paiybuAdon

6L

Hepiinbed, by permission, from D Jukes, 500 MeGLL S0 Kropl, T Seeflen, 1008, “Chaantitathee lntrimuseular sinoeleciie dclvity of luiiber poitions of peoas asd e abdominal wall duslng b wide variety of lisks.”
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Figure 5.4 During standing to full forward flexion, then back to standing, the extensor muscles eccentrically contract but
transfer their moment supporting role (MuscleTe) to the passive tissues at full flexion—the disc (DiscTal the buckled gut
(CutTgl, and the ligaments (LigTgl. Note that some force remains in the muscles with passive stretching,

Table 5.5 Individual Muscle and Passive Tissue Forces and Moments During Full Flexion

The moment was 171 Nm (138 Nm by muscle, 113 Nm by ligaments, and 20 Nm by passive tissues, such as the disc, skin, and
buckled viscera), The joint compression was 3145 N, and shear was 1026 M.

FORCE MOMENT (NM) COMPRESSION SHEAR (N}
N Flexion | Lateral I Twist N Anteroposterior | Lateral
MUSCLE

R rectus abdominis 16 -2 1 1 15 5

L rectus abdaminis 16 -2 -1 -1 13 5 4
R external oblique 1 10 -1 1 1 8 7 -3
L external oblique 1 10 -1 -1 -1 8 7 3
R external obligue 2 Z -1 1 (0] (& 2 -3
L external obligue 2 7 -1 -1 0 (¢ 2 3
R internal ohlique 1 35 0 3 - 21 =149 20
L internal obligue 1 15 i 5 2 21 -149 .20
R internal oblique 2 29 -2 g -3 8 -17 21
L internal oblique 2 29 2 2 3 L -17 21
R pars lumborum (L1] 21 2 1 0 21 6 2
L pars lumborum (L1) 21 2 -1 i 21 (5] -2
R pars lumborum (L2) 27 . 1 o 26 a4 2
L pars lumborum (L) 27 2 -1 0 26 8 =2
R pars lumborum (L3) 31 1 1 0 29 -4 (&
L pars lumborum (L3) 31 1 -1 0 29 -4 -
B pars lumborum (L4) 32 | | o 30 -7 b
L pars lumborum (L4) 32 1 -1 0 30 -7 -h

B
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FORCE MOMENT (NM) COMPRESSION SHEAR (M)
N Flexion ! Lateral | Twist N Anteroposterior | Lateral
MUSCLE (comtinued)

R iliocostalis lumborum 56 5 4 1 57 14 -1
L iliocostalis lumbarum 54 5 -+ -1 57 14 1
R longissimus thoracis 93 7 4 0 91 23 -6
L longissimus thoracis 093 7 -4 ] 91 23 6
R quadratus lumborum 25 1 2 o 23 -1 1
L guadratus lumbiorum 21 1 -2 0 25 -1 -1
R latissimus dorsi (L5} 15 I 1 ] 14 -1 -h
L latissimos dorsi (1.5} 15 -1 1 {] 14 = f
R mwltificlus 1 28 I 1 1 26 (5 9
L myultifidus 28 1 -1 -1 26 (i -0
R multificus 2 28 1 1 0 28 5 0
I rrualtificlus 2 28 1 -1 28 [ 0
K psoas (L1} 25 1 2 24 9

L psoas (LT) 25 -1 -2 0 24 9 -
R psoas (L2) 25 -1 2 0 24 g 6
| psoas (1.2} 25 (0] -2 o 24 4 -6
R psoas (L3) 25 0 1 0 24 9 7
| psoas (L3} 25 0 -1 0 24 g 7
R psoas (L4) 25 ] 1 1 24 9 i)
L psoas (L4) 25 Y] -1 -1 24 9 -i

LICAMENT

Anterior longitudinal 0 0 0 0 0 0 -
Pasterior langitudinal B 2 0 0 261 44 =T
Ligamentum flavum 21 1 0 0 21 2 --
R intertransverse 14 1] 0 ] 13 3 -
i intertransversc 14 3 0 0 13 3 -
R arlicular 74 2 1 1 G5 40 -
L articular 74 2, 1 ] 65 40 -
R articular 2 103 3 2 2 84 -3

L articular 2 103 3 -2 -2 a4 -3 -
Interspinous | am 18 0 4 273 142 -
Interspinous 2 345 14 ] 0 233 268 -
Interspinous 3 294 10 i ¢] 194 234 -
Supraspinous 502 41 0 0 541 79 -
R lumbodorsal fascia 122 5 1 0 109 -1 -
L lumbadaorsal fascia 122 & =1 0 104 -1 -

PASSIVE

Disec - g9 i) -- -- -
Court, etc. 11 0 - .-
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A man is lifting 27 kg (59 1b) held in the hands vsing a squat lift style. This produces an
extensor reaction moment in the low hack of 450 MNm (332 f/lb). The forces in the various
tissues that support this moment impose a compressive load on the hembar spine of over 7000 N
(1368 Ib), Table 5.6 details the contributions tw the wotal extension moment and o the forees
from the muscular components, These forces and their effects are predicted using the sophis-
ticated modeling approach, which uses hiological signals obtained directly from the subject
(see chaprer 2). Tt should be noted here that 7000 N (1568 Ib) of compression begins to cause
damage in very weak spines, although the tolerance of the lumbar spine in an average healthy
yvoung man probably approaches 12 to 15 kN (2688-3360 1b) (Adams and Dolan, 1995). In
extreme cases, compressive loads on the spines of competitive weightlifters have safely exceeded
20 kN (4480 Ih) (Cholewicki, McGill, and Narman, 1991),

Understanding the individual muscle forces, their contribution to supportng the low back,
and their components of compression and shear force that are imposed on the spine is very useful,
In this particular example, the lifter avoided full spine flexion by flexing at the hip, minimizing
ligament and other passive tssue tension and relegating the moment generation responsibility
to the musculature. An example in which the spine is lexed is presented later in this chapter.
As described in chaprer 4, the pars thoracis extensors are very effective lumbar spine extensors,
given their large moment arms, Also, since the lifter’s upper body is flexed, large reaction shear
forces on the spine are produced (the rib cage is trying o shear forward on the pebis). These
shear forces are supported to a very large degree by the pars lumborum estensor muscles. Fur-
thermore, the abdominal muscles are activated but do not produce movement, Why are they
active? These muscles are activated to stabilize the spinal column, although this mild abdominal

Low Back Disorders

Table 5.6 Musculature Components for Moment Generation of 450 Nm
During Peak Loading for a Squat Lift of 27 kg (59.5 Ib)

Muscle Force (N} Moment (Nm) | Compression (N) Shear (M)
Rectus abdominis 25 -2 24 5
External oblique 1 45 1 39 24
External oblique 2 43 -2 a0 11
Internal obligue 1 14 1 14 -2
Internal obligue 2 23 -1 17 -6
Longissimus thoracis pars lumborum L4 862 35 744 ~436
Longissimus thoracis pars lumborum L3 1514 83 1422 -518
Longissimus thoracis pars lumborum L2 13432 T 1342 0
Langissimus thoracis pars lumborum L1 1302 110 1302 0
lliocostalis lumborum pars thoracis 369 31 3649 4]
Longissimus thoracis pars thoracis 295 25 295 0
Quadratus lumborum 393 16 186 74
Latissimus dorsi L5 112 b 79 =2
Multifidus 1 136 8 134 18
Multifidus 2 226 it Rt 124
Psoas L1 25 0 23 12
Psoas L2 28 0 27

Psoas |3 24 1 27

Psoas L4 28 1 27

Megative moments comespond to exkon, while negative shear coresponds to L4 shearing postersorly an LF,
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activity imposes a compression penalty to the spine. A more robust explanation of stabilizing
mechanics is presented in chapter 6.

The preceding example demonstrates how dithusely the forces are distributed and illustrares
how proper clinical interpretation requires anatomically detailed free body diagrams that repre-
sent reality (such as those incorporated into the virrual spine model). 1 believe thar oversimplified
free body diagrams have overlooked the important mechanical compressive and especially shear
components of muscular force. This has compromised the assessment of injury mechanisms and
the formulation of optimal therapeutic exercise,

Loads on the Low Back During Walking

Thousands of low-level loading eyeles are endured by the spine every day during walking. While
the small loads in the low back during walking suggest itis a safe and wlerable activity, clinicians
have found that walking provides relief ro some individuals but is painful to others. Recent work:
has sugpested thar walking speed affects spine mechanics and may aceount for these individual
differences. During walking, the compressive loads on the lumbar spine of approximarely 2.3
times body weight, together with the very modest shear forces, are well below any known in
vitro failure load (see figure 5.5). Strolling reduces spine motion and produces almose static
loading of tissues, however, while faster walking, with arms swinging, causes cyclic loading of
tissues (Callaghan, Patla, and McGill, 1999) (see figure 5.6). This change in mation may begin
to explain the relief experienced by some. Arm swinging while walking faster, with all other
factors controlled, results in lower lumbar spine torques, muscle activity, and loading (see figure
3.7). In fact, we have observed up to 10% reduction in spine loads from arm swinging in some
individuals. This may be hecause swinging the arms facilitates efficient storage and recovery of
clastic energy, reducing the need for concentric muscle contraction and the upper body aceel-
erations associated with each step. Interestingly Kubo and colleagues (2006) reported higher
tarso stiffness with faster walking, which would further facilitate efficient energy recovery. Also
interesting is the fact that fast walking has been shown to be a positive cofactor in prevention
of, and more successful recovery from, low back troubles (Nutter, 1988),

CUINICAL > :
recevance 2 Fast Walking

CLINICAL
RELEVAMCE

83

Fast walking is generally therapeutic (Nutter, 1988). Several mechanisms appear to account for this:
reciprocal muscle activation and tissue load sharing, gentle motion, and reduced spine loads with
energy conservancy from arm swing. In contrast, these benefits do not occur during slow walking
or “mall strolling,” which exacerbates symptoms in many because of the static loading that results.
Finally, we have noted that people with a pained back exemplify the typical pained general flexor
response in that they often tend to swing the arms primarily about the elbows. This should be cor-
rected to arm swing about the shoulders to optimize the benefits of arm swing.

Loads on the Low Back During Pushing and Pulling

Ohur insights into the mechanics of pushing and pulling were obrained from our investigations
originally intended o set occupational limits for allowable safe loads (see Lew and MeGill,
2006). Both “novice” (senior university students) and “expert” (frefighters) pushers/pullers were

Pushing and Pulling—Technique is Critical

The technique used in pushing and pulling is very dominant in determining the load on the back.
The magnitude of the hand forces is almost irrelevant until extremely high pushing and pulling forces
are required. Specifically, when hand forces are directed through the low back, they do not create a
moment and in this way muscle forces are not required to support a moment, For athletes like rugby
players or strongmen competitors pulling a bus, this same technique is used. Here the pushing or
pulling force is driven as close through the feet as possible to enhance the fout grip topether with
ensuring minimal joint torque.
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Forca (% bodyweight)
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Force (% bodyweaight)
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Figure 5.5 Loads on the lumbar spine (normalized to body weight) during three speeds of walking and with: normal
arm swing. The curves are normalized for one siride (right heel contact to right heel contact), (a) L4-L5 compression, (b)
anterior-posterion shear forces in which positive indicates anterior shear of the superior verichrae, () lateral shear force in
which positive indicates right shear of the superior veniehmae.

Repainted from Clindcal Biomechanics, 14, LB Callaghan, AL Fatls, and S84 MeGill, “Low back three-dimensional jeint forces, kinematics and kimtbes during
walking,” 203-216, 1999, with pesmission rom Eleevier Science,

recruited. The expert firefighters expenienced much lower spine forces. They cleverly used body
mechanics with body lean to generate the driving force and to direct the hand forces thmugh
the low back, resulting in very small low back moments. The implication is that, once again,
the motion and motor patterns that the firefighters elected to use resulted in their superior
performance and safety. In this way the magnitude of the push/pull loads became much less
important for the back. Technique was dominant!

Loads on the Low Back During Sitting

MNachemson (1966), using intradiscal pressure measurements, documented the higher loads an
the discs in various sitting postures compared to the standing posture. Normal sitting causes
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Figure 5.6  Lumbar motion during three speeds of walking for one normal subject inormalized to RHC to RHC): ta) lumban
flexion-extension in which extension is positive, (B lateral bend in which positive indicates bend to the right, (c/ axial twist
in which positive indicates the upper body twisting to the right.

flexion in the lumbar spine, and people, if left alone, generally sit in a variety of flexed postures
(Callaghan and McGill, 2001h). Sitting generally involves lower abdominal wall acavity (particu-
larly the deep abdominal museles) compared to standing, and generally higher extensor activity
with unsupported sitting (see Callaghan, Patla, and McGill, 1999, for walking and Callaghan
and MeGill, 2001b, for sitting). Sitting slouched minimizes muscle acuvity, while sitting more
upright requires higher activation of the psoas and the extensors (Juker, MeGill, Kropf, and Stef-
fen, 1998), Full flexion increases disc annulus stresses; this posture has produced dise herniations
in the lah (e.g., Wilder, Pope, and Frymover, 1988). In fact, Kelsey (1975} discovered a specific
link between prolonged sitiing and the incidence of herniation, More upright sitting postures,
and the concomitant psoas and other muscle activation, impose additional compressive loads on
the spine. Changing lumbar postures canses a migration of the loads from one tissue to another.
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Figure 5.7 Activation profiles (EMG signals) from 14 torso muscles during three speeds of walking with normal arm swing
and normalized to RHC to RHC. The muscle pairs are (RA) rectus abdominis, (EQ} external oblique, (10} internal oblique,
(LD batissimus dorsi, (TES) thoracic erector spinae, (LES) lumbar erector spinae, and (MULT) multifidus,
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Callaghan and MeGill (2001h) sugeested that no single, ideal sitang posture exists; rather, a variable
posture is recommended as a strategy o minimize the risk of tssue overload. For example, Snijders
and colleagues (2006) have suggested that a “cross-legged” siming posture stabilizes the sacroiliac
joints via passive tensioning of the ilioclumbar ligament and piriformis musele.

Loads from Backpack Carriage

Backpacks come in various designs that affect low back loading. Generally if rough terrain is
anticipated, the load should be placed low in the pack o minimize the moment arm or distance
to the low back, As the load is carried over rough ground it accelerates and decelerates. The
load placed closer to the low back reduces the torso forees needed to move the backpack load.
On the other hand if smooth ground is anticipated, carrying the load high in the pack, and over
the fulerum of the low back and hips, requires smaller rorso muscle forces—and lower lumbar
spine loads result.

mitevance 2 Backpack Carrying

Now for the curious situation in which backpacks can reduce spine loads—and thus form one
of our exercise-based therapy prescriptions. An individual wha is flexion intolerant, and also has
posterior discogenic back pain exacerbated by prolonged sitting, generally has difficulty standing
up. Upon standing, a forward torso angle (antalgic posture) remains. If this type of individual can
tolerate compression, we prescribe wearing a backpack with about 10 kg (22 1b) placed low in the
backpack (about the [evel of the lumbar spine) and going for a walk over uneven ground, Wearing
the backpack acts to generate torso extensor moment, bringing the torso into an upright posture.
This alleviates the spine extensors, which were previously contracted in the standing, but flexed,
posture, Given their larger moment arm, this reduces the compressive load on the spine. The com-
pression reduction from the muscles shutting down is larger than the extra compression from the
additional load in the pack, resulting in a net reduction in total compression on the back. Walking
over uneven ground provides gentle motion to the lumbar spine, which is therapeutic to the type
of discogenic person we are describing here. Typically the patient returns saying, “Thanks—that
was amazing.” Thus, while some have blamed backpacks as a source of back troubles, they can
actually be used therapeutically,

I recall a radio interview in which a chiropractor was claiming that children carrying backpacks
over one shoulder was a serious problem, and the interviewers phoned for my “on-air” comment.
No doubt some children will experience troubles, but there is also a training opportunity here, |f
the children were to switch shoulders frequently, this problematic task would become clever back
training! The issue of the training load versus the dangerous load hinges on some subtle: modula-
tors. Perhaps the chiropractor was right—have the children carry their backpacks on both shoulders.
But the technigue of changing shoulders would have changed a perceived danger into training for
better health and performance.

Loads on the Low Back During Various Exercises

Because exercise 1s a crucial element of rehabilitation for low back problems, it is crucial that
you understand the loads vou are imposing on your panent’s back when you prescribe an exer-
cise, Otherwise what was intended to be therapeutic may become an exacerbating factor for her
back rroubles. Mastering the information in this section will increase yvour ability to tailor every
exercise to cach client’s unique needs not only at the outset of reatment, but at every stage of
her progression toward better low back health.

Loads on the Low Back During Flexion Exercises

Very few studies (only our own that we are aware of) have quantified the tissue loading on the
low back tissues durning various types of torso fleon exercises, although some have measured
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the EMG activity of selected muscles (e.g., Flint, 1965; Halpern and Bleck, 1979, Jette, Sidney, and Cicurti,
1984, This type of information alone can provide insight into relative muscle challenge, but it is restrictive for
guiding exercise prescription decisions becanse

; the resultant spine load is unknown. The goal is
EJ‘;;?SP ‘| o challenge muscle at appropriate levels but in
| a way that spares the spine, Too many exercises
P are prescribed for back sufferers that exceed the
Curlup T tolerance of their compromised tssues. In fact, |
pr—— b believe that many commonly preseribed flexion
AR b exercises result in so much spine compression that
e sdat tlae}' will ensure that the PErSON remains a patient.
support : : i ! : For example, the traditional sit-up imposes
E : approximately 3300 N (about 730 Ib) of com-
_ ! pression on the spine (Axder and McGill, 1997,
SE{EEIHHEQ . iFigure 5.8 illustrares psoas and abdominal muscle
. | activation levels in a variety of flexion tasks,
! Lo while figure 5.9 illustrates activation patterns
Push-up ' 1. with bent-knee sit-ups, and figure 5.10 illustrates
fram feet ' | activation patterns with bent-knee curl-ups.)
£ oF Note that muscle acdvadon levels are expressed
B i in m:r:!xgli?,;_ﬁi units (% MVC). This means that
leg raise - the activity is expressed as a percentage of what
I S would be observed during a maximal voluntary
_ I B A contraction {(MVC), thus quantifying activity in
D}’ﬁﬂﬂ;ltic side v . : a physiological and functional context. Further,
Ll S the spine is very flexed during the period of this
oo load (McGill, 1998), The Nadonal Instituee for
Bent knee .+ | | Occupational Safety and Health (NIOSH) (1981)
sit-up . od has set the action limit for low back compression
P o4 ar 3300 N; repentive loading above this level is
Sraightieg [ N - %i.n_l-c{:d wirg hjghcril:til_:r}' ratesin wnrkers,_}*;l this
i i P : is imposed on the spine with each repetition of
i . the sit-up! Table 5.7 shows the quantification of

A (G b a variety of push-up exercises.
Press-heel - ' b Many recommend performing sit-ups with
AR i the knees bent, the theory being that the psoas is
i realigned to reduce compressive loading, or per-
) 3 haps the psoas is shortened on the length—tension
Isometric r relationship so that the resulting forces are
hand to | Hnee. ; . . : recuced. After examining both of these ideas, we
—t—— t——t—t— foumid them o be untenahle, We recruited a group

0 10 20 30 40 50 &0 70 go Of women who were small enough to fit into
magnetic resonance imaging (MRI) scanner. We

Percent MVC . F

placed each woman intw the scanner and varied

- her knee and hip angles while she was supine
Ll Psoas (Santaguida and McGill, 1995}, The psoas did
£ Psoas2 o not change its line of action, nor eould it since it
W Rectus ﬁ'&‘f’mmm is attached to each vertebral body and transverse
B External oblique process (as the lumbar spine increases lordosis,
@ Internal obliqgue the psoas follows this curve), The psoas does not

| @ Transversus abdominis change its role from a flexor to an extensor as a

function of lordosis—this interpretation error

Figure 5.8  Activation of the psoas and the abdominal occurred from models in which the psoas was
muscles in a variety of flexion tasks from a group of  represented as a straight-line puller. In fact, the
highly trained subjects (five men and three women), psoas follows the lordotic curve as the lumbar
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—— Psoas 1 indwelling electrodes

—— Rectus abdominis surface electrodes

- - - External obligue indwelling electrodes

—- |nlernal obligue indwelling electrodes

——— Transversus abdominis indwelling electrodes

Figure 5.9 Activation-lime histories of the same subjects as in figure 5.8 performing a bent-knee sit-up. Surface and
indwelling electrodes are indicated.

spine flexes and extends. Further, it is true that the psoas is shortened with hip Hexion, but its
activation level is higher during bent-knee sit-ups (Juker, McGill, Kropf, and Steffen, 1998),
not lower as has been previously thought. This is because the hip flexion torque must come
from somewhere, and the shortened psoas must contract to higher levels of activation given
its compromised length, Given that the sit-up imposes such a large compression load on
the spine, regardless of the leg’s being bent or straight, the issue is not which type of sit-up
should be recommended, Rather, sit-ups should not be performed ar all by most people. Far
hetter ways exist to preserve the abdominal muscle challenge while imposing lower spine
loads. Those who are rraining for health never need to perform a sit-up; those training for
performance may get better results by judiciously incorporating them into their routine,
While part I of this book (*Low Back Rehabilitation™) offers specific preferred exercises and
challenges o specific muscles, a few Hexion exercises will be reviewed here, First, hanging with
the arms from an overhead bar and flexing the hips to raise the legs is often thought to impose
low spine loads becanse the body 15 hanging in tension—not compression. This is faulty logic.
This hanging exercise generates well over 100 Nm of abdominal torque (Axler and McGill,
1997). This produces almost maximal abdominal activation, which in mrn imposes compressive
forces on the spine (see table 5.7} (Note: Hanging with bent knees resulved in higher averape
sping loads due to the imprecise technique emploved by many subjects who allowed substantial
lumbar flexion. Further, few subjects were able to maintain form during the straight-leg hang.
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Figure 5.10 Activation-time histories for the same group performing curl-ups.

Good form is important but requires substantial achletic ability.) Similar activation levels can be
achieved with the side bridge (shown later and discussed in detail) with lower spine loads.
This having been stated, those who are not interested in sparing their back and are training
with performance objectives may benefit from the high psoas challenge, wgether with rectus
abdominis and obligue activity. Clearly, the curl-up primarily targets the rectus (both upper
and lower), and generally other exercises should be performed to train the obliques. Some
have suggested a twisting curl-up to engage the obliques, but this results in a poor ratio of
ublique muscle challenge to spine compression compared to the side-brnidge exercise (Asder and

MeGill, 1997 —making the side bridge a preferred exercise.
Loads on the Low Back During Push-Up Exercises

Many have recognized that many forms of spine stabilization exercise engage the abdominal
hoop comprising rectus abdominis, the internal and external obliques, and transverse abdominis
in an isometric contraction {(McGill, 2006). For this reason, push-up exercises are sometimes
used as a torso training exercise. Clinical observation confirms that performing push-ups elicits
back pain in some patients yet others find push-ups relieving, In our quandfication of push-up
exercises, we examined styles ranging from rraditional to placing the hands on labile surfaces
(halls), staggered hand placement, one armed push-ups, and so on (Freeman et al., 2006). While
performing push-ups with the hands on labile surfaces has some effect on spine load, the one-
armed and more ballistic forms of the exercise requiring the hands to move are much more spine
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Table 5.7 Total Compression While demanding (see table 5.8). Those interested
Ferfﬂrming Different Sf}flES of PI-ISh-UPS in challenging the abdominal obliques and

“steering” the asymmetric force from stag-

Exercise Compression (N} gered hand placement through the torso will

= ; be interested in the quite modest increase in

Standard 1838 spine compression demand. Not surprisingly,

1 Armi EgAR the plyometric forms of the push-ups are much

more muscularly demanding and therefore

Staggered Hands — Right Forward 2532 result in higher spine load. This may be a

Staggered Hands — Left Forward 2137 concern for t_hust: whao may be _Fﬁund o be

SEMSIIVE TO SPINE COMPrEssion dllrlng Provoca-

Right Hand on Ball 2315 tive diagnostic testing. Spinal loading during

Left Hand on Ball 398 many t."nr!us uf the push-up 1- ﬁll']SF'dl'lt]'il].

I'here is little wonder that these exercises are

2 Hands on 1 Ball 2840 problematic for some painful backs. On the

: other hand, they may be very appropriate as

Fiands on2 Balls {1 on-each) 2423 an abdominal plyometric exercise for high-

Alternating G334 performance individuals.
Clapping 4699 Loads on the Low Back
Fadt CiCERITE 1905 During Extension Exercises
o Eecenihie 22722 As with the flexion exercises discussed in the

previous paragraph, plenty of EMG-based

Adapied, by permission, from 5 Freerman, A Rarpowice, | Gray, and S04 MeLGill,
200, “Oeantifying muscle patterns and spine load during various forms of the

studies have explored extension exercises, but

pushup, Medicime and Science in Sperts and Evorcise, 38031 570-577 only one artempted to quantify the resulting

tissue loads. Exercise prescriptions will not be
successful if the spine loading is not constrained for bad backs. Using the virtual spine approach,
Callaghan, Gunning, and MeGill (1998) atrempred to rank extension exercises on the muscle
challenge, the resultant spine load, and their upl:ima] ratic. The Lf."}- to preserving a thuapeutif_
muscle activation level while minimizing the x]_um, load is to activate only one side of the spine
musculature at a time. The muscle anatomy section in chapter 4 describes the functional separa-
tiom of the thoracic and lumbar portions of the longissimus and iliocostalis, For the purposes of
this discussion, we can think of the extensors in four sections—right and left thoracic portions
and right and left lumbar portions. The commaon extension task of performing torso extension
with the legs braced and the cantlevered upper body extending over the end of a bench or
Roman chair (figure 5.11#) activates all four extensor groups and typically imposes over 4000
N (about 890 Ib) of compression on the spine. Even worse is the commonly prescribed back
extension task in elinics, in which the patienr lies prone and extends the legs and ourstrerched
arms; this again activates all four extensor sections but imposes ap o 6000 N {over 1300 1b) on
a hyperextended spine (figure 5.118). This is not justifiable for any patient!

Several variations of exercise technigue can preserve activation in portions of the extensors
and greaty spare the spine of high load. For example, kneeling on all fours and extending one leg at
the hip generally activates one side of the lumbar extensors w over 20% of maximum and imposes
onby 2000 N of compression (figure 3.11¢). Performing the bird dog, in which the opposite arm is
extended at the shoulder while the leg is raised (figure 5.11d), adds activity to one side of the thoracic
extensors (generally around 30-40% of maximum) and contains the spine load to about 3000 N, In
addition, the special techniques shown for this exercise in chapter 12 attempt o enhance the motor
control system to groove stabilizing patterns. For data desenbing these exercises, see table 5.9.

Dubious Lifting Mechanisms
In the 195(s and 1960s spine biomechanists faced a paradox. The simple spine models of the

day predicted chat the spine would be erushed to the point of injury during certain lifting tasks,
yet when people performed those tasks, they walked away uninjured, This motivated several
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Table 5.8 Low Back Moment, Abdominal Muscle Activity,
and Lumbar Compressive Load During Several Types of Abdominal Exercises

Low Back Disorders

MUSCLE ACTIVATION
Moment (Nm) | Rectus abdominis (% MVC)* | External obliqgue | Compression (N)
Straight-leg sit-up 148 121 70 3506
Bent-leg sit-up 154 103 70 3350
Curl-up, feet anchored a2 a7 45 2009
Curl-up, feet free a1 b7 38 14991
Cuarter sit-up 114 75 42 2392
Straight-leg raise 102 57 35 2525
Bent-leg raise 82 35 24 1767
Cross-knee curl-up 112 a9 67 2964
Hanging, straight leg 107 112 90 2805
Hanging, bent leg 84 78 B 3313
lsometric side bridge 72 48 50 2585

*WWC confractsons were [sometric. Activation valees higher than 100% are cften ssen duning dynamic exercise

Figure 5.11  Specific extension exercises quantified for muscle activation and the resultant spine
load (shown in table 5.9): (a) trunk extension, (b prone leg and trunk extension, (crsingle-leg exten-
sion, and (d) single-leg and contralateral arm extension (bird dog).

research groups to theorize about mechanisms that could unload compressive stresses from the
spine. Researchers proposed three major mechanisims: the intra-abdominal pressure mechanism,
the lumbodorsal fascia mechanism, and the hydraulic amplifier, Although none has survived
scruriny, clinical vestiges still remain. Nonetheless, some components provided insight for
subsequent study and led o the understanding that we have today. For this reason they will be
reviewed briefly here,

Intra-Abdominal Pressure

Does intra-abdominal pressure (IAP) play an important role in the support of the lumbar
spine, especially during strenuous lifting, as has been claimed for many years? Anatomical
accuracy in representation of the involved tissues has been influential in this debate. Further,
rescarch on lifting mechanics has formed a cornerstone for the preseription of abdominal
belts for industrial workers and has morivated the prescription of abdominal strengthening
programs. Many researchers have advocated the use of IAP as a mechanism to directly reduce
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Table 5.9 Mean Activation Levels (£ 1 SD) of 14 EMG Channels for 13 Subjects
Performing a Variety of Extensor-Dominant Exercises (Expressed as a Percentage of MVC)

93

EXTENSION
Right leg Leit leg
Electromyographic _ and and Trunk Calibration
channel* Right leg Leftleg | leftarm | rightarm | and legs Trunk posture
Right RA X 33 237 4.0 25 4.7 3] 1.4
SD 24 1.9 20 2.0 2.2 1.8 1.0
Right EO X 8.4 449 16.2 S 4.3 A 1.0
S0 449 1.5 b0 2.3 25 1.7 0.6
Right i X 12.0 8.2 15.6 12.0 1.2.7 g 1.9
sD 6.8 25 &2 4.2 10,1 10.8 2
Right LD X &1 5.8 120 12.5 11.2 6.5 59
5D 5.4 35 9.6 6.2 4.3 4.0 &.5
Right TES X 5.7 13.7 11.5 46.8 b6, 1 45.4 21.0
5D 2.0 7.5 R 29.3 14.5 [RER 9.0
Right LES X 19.7 1.7 28.4 9.4 59,2 57.8 21.3
50 9.1 4.9 10.2 1.0 1.7 4.5 4.6
Right MF X 219 108 31.5 164 51.0 475 16.4
=D b3 6.0 a8.2 12.0 14.7 123 5.6
Left RA X 4.3 35 4.4 4.2 6.5 37 22
5D 34 3.6 A8 39 34 2.4 |
Left EC) X 5.4 g.0 6.2 15.9 6.3 52 1.8
sSD 240 3.8 2Ly f.h 3.2 532 1.0
Lesdt 10 X 16.0 113 22.6 152 110 125 1.6
=D 8.6 7.0 9.2 6.7 5.9 6.1 T3
Left LI X 4.5 5.0 107 6.2 9.3 5.1 .1
S0 4.3 4.5 8.2 4.4 &, 4.1 8.5
Left TES X 1 5.0 4.5 42.9 0.5 B3.6 41.6 21.2
sD 7.5 2.8 20.5 5.0 3.7 10.0 0.8
Left LES X 11.3 6.8 19.5 255 56.8 57.0 233
5D 6.6 4.5 7.4 7.3 14.5 14.7 8.4
Left MF X 1.9 223 16.6 33.8 57.3 33.3 18.7
sD 7.0 6.1 7.2 0./ 11.4 12.0 4.4

*Electromyopraphic chanaol: A = rectus abdominis muscle, BO = extarnal chliguee muscle, 10 = internal oblique muscle, L= latissimas dorsi musche, TES = theracic
EFELEOL Spine miscle, LES = humbar srecior spinae muscle, ME = mubifidus mosche, Calibeation postare: standing frunk flexed 607 peatral lumbar postune, 10 kg

22 I heddd in kands with armes: hanging stralght down.

lumbar spine compression (Bearn, 1961; Thomson, 1988). However, some researchers believe that
the role of IAP in reducing spinal loads has been overemphasized (Grew, 1980; Krag eral,, 1986).

Anatomical Consistency in Examining the Role
of Intra-Abdominal Pressure

Morris, Lucas, and Bresler (1961) first operationalized the mechanics of the original proposal
into a model and described it as follows. Pressurizing the abdomen by elosing the glois and
bearing down during an exertion exerts hydraulic force down on the pelvie floor and up on the
diaphragm, ereating a tensile effect over the lumbar spine or ar least alleviating some of the
compression. Missing in the early calealations of this hydraulic potential was the full acknowl-
edgment of the necessary abdominal activity (contracting the abdominal wall imposes extra
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compression on the spine). But evaluation of the trade-off between the exera abdominal muscle
compression and the hydraulic relief depended on the geometrical assumptions made, Some of
these assumprions appear to be outside of binlogical reality. In fact, experimental evidence sug-
gests that somehow, in the process of building up 1AP, the net compressive load on the spine is
increased! Krag and coworkers (1986) observed increased low back EMG activity with increased
IAP during voluntary Valsalva maneuvers. Nachemson and Morris (1964) and Nachemson,
Andersson, and Schultz (1986) showed an increase in intradiscal pressure during a Valsalva
maneuver, indicating a net increase in spine compression with an increase in TAP, presumably
a result of abdominal wall musculature activity.

In our own investigation, in which we used our virtual spine model, we noted that net spine
compression was increased from the necessary concomitant abdominal activity to increase IAP,
Furthermaore, the size of the cross-sectional area of the diaphragm and the moment arm used
to estimate force and moment at the lower lumbar levels, produced by IAP, have a major effect on
conclusions reached about the role of IAP (MeGill and Norman, 1987), The diaphragm sarface area
was taken as 243 cm?, and the centroid of this area was placed 3.8 em anterior wo the centerof the T'12
disc (compare these values with those used in other studies: 511 em’ for the pelvic floor, 465 cm? for
the diaphragm, and moment armn distances of up to 11.4 cm, which is outside the chest in most
people). During squat lifts, the net effect of the involvement of the abdominal musculature and
IAP seems to be to increase ::nmpreﬂs,iun rather than alleviate joint load, (A detailed description
and analysis of the forces are in MeGill and Norman, 1987.) This theoretical finding agrees
with the experimental evidence of Krag and colleagues (1986), who used EMG to evaluate the
effect of reducing the need for the extensors to contract (they didn't), and of Nachemson and
colleagues (1986), who documented increased intradiscal pressure with an increase in [AP.

Role of IAP During Lifting

The generation of appreciable IAP during load-handling tasks is well documented. The role
of IAP is not. Farfan (1973) suggested that IAP creates a pressurized visceral cavity to maintain
the hooplike geomerry of the abdominal muscles. In recent work in which they measured the
distance of the abdominal muscles to the spine (moment arms), McGill, Juker, and Axler (1996)
were unable to confirm substanuial changes in abdominal geometry when activated in a standing
posture. However, the compression penalty of abdominal activity cannot be discounted. The
spine appears to he well surted to sustain increased compression loads if intrinsic stability 15
increased. An unstable spine buckles under extremely low compressive loads (e.g., approximately
20N, or about 5 Ib) (Lucas and Bresler, 1961). The geometry of the spinal musculature suggests
that individual components exert lateral and anterior-posterior forces on the spine that can he
thought of as guy wires on a mast to prevent bending and compressive buckling (Cholewick
and MeGill, 1996). As well, activated abdominal muscles create a rigid cylinder of the trunk,
resulting in a stiffer strucrure, Recently, both Cholewicki and colleagues (1999) and Grenier
and colleagues (in press) documented inereased torso stiffness during elevared [AP even when
accounting for similar abdominal wall comtraction levels, Tt also appears that IAP can influence
pelvic mechanics and pain. Mens and colleagues (2006) noted higher pelvie ring forces with
elevated IAF, which may stabilize some yet destabilize others—depending on the nature of
tissue compromise. The clinical solution for this divergence is to perform provocative testing
to reveal whether the patient’s problem is helped or exacerbated. Thus, although the increased
IAP commonly observed during lifting and in people experiencing back pain does not have a
direct role in reducing spinal compression or in adding o the extensor moment, it does skiffen
the trunk and prevent tissue strain or failure from buckling.

Lumbodorsal Fascia

Recent studies have attributed various mechanical roles to the lumbodorsal fascia (LDF). In
particular, some have suggested that the LDF reduces spine loads—solving the paradox noted
earlier. In fact, some have recommended lifting postures based on various interpretations of the
mechanics of the LD, Gracovewssky, Farfan, and Lamy (1981) originally suggested that lateral
forces generated by internal oblique and transverse abdominis are wansmitted to the LD via
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their attachments to the lateral border. They also claimed thar the fascia could support substantial
extensor moments. Further, lateral rension from abdominal wall attachments was hypothesized
to increase longimdinal rension from Poisson'’s effect, causing the posterior spinous processes
to move together resulting in lumbar extension. This sequence of events formed an attractive
proposition because the LDF has the largest moment arm of all extensor tssues. As a result,
any extensor forees within the LDF would impose the smallest compressive penalty o vertebral
components of the spine.

Three independent studies, however, examined the mechanical role of the LDF and collectively
questioned the idea that the LDF could support substantial extensor moments {Macintosh and
Bogdulk, 1987; MeGill and Norman, 1988; Tesh, Dunn, and Evans, 1987). As previously noted,
regardless of the choice of LDF activation strategy, the LDF contribution to the restorative
extension moment was neghigible compared with the much larger low back reaction moment
required to support a load in the hands. Tts functdon may be that of an extensor muscle retinacu-
lum (Bogduk and Macintosh, 1984). Hukins, Aspden, and Hickey (1990) proposed on theoretical
grounds that the LDF acts to increase the force per unit of cross-sectional area that muscle can
produce by up to 30%. They suggested thar this increase in force is achieved by constrainimg
bulging of the muscles when they shorten. This contention remains to be proven. Tesh, Dunn,
and Evans (1987} suggested that the LDF may he important for supportng lateral bending,
Furthermaore, there is no question thar the LDF is involved in enhancing stability of the lumbar
column. No doubt, complete assessment of these notions will be pursued in the future.

Hydraulic Amplifier

The final mechanism hvpothesized to unload compressive stresses from the spine was the
hydraulic amplifier. This hybrid mechanism depends on three notions, First, the ¢levated 1AP
preserves the hooplike geometry of the abdominal wall during exertion. The IAP must also exert
hydraulic pressure posteriorly over the spine and presumably through to the underside of the
LIDE Finally, as the extensor muscle mass contracts, it was proposed to *bulk” upon shortening,
agrain increasing the hydraulic pressure under the fascia. The biomechanical attraction of the
pressure under the fascia is thar any longitudinal forces generated in the faseia reduce the need
for the underlying muscles to contribute extensor forces, thereby lowering the compressive load
on the spine. Both of these proposals were dismissed. Given the size of the fascia, hydraulic
pressures would have to reach levels of hundreds of mmHg. Pressures of this magnitude simply
are not observed during recording (Carr et al., 1985). Maoreover, the presence or absence of
IAP makes little difference on the hooplike geomerry of the abdominal wall (MeGill, Juker, and
Axler, 1996), as this is more modulated by the posture.

IAP, LDF, and Hydraulic Amplifier: A Summary

IAP. the mechanical role of the LDFE, and the existence of the hydraulic amplifier were proposed
to account for the paradox that people were able to perform lifts that the simple models sug-
gested would crush their spines, Yet, although both IAF and the LDF appear to play some role
in lifting; none of the three proposed mechanisms was a tenable explanaton for the paradox of
uncrushed spines under heavy loading, whether considered separately or combined with the
other two, The problem lay in the simple models of three and four decades ago. Not only were
the rather complex mechanics not repreﬁemed with the necessary detail, but also the strength of
the tissues to bear load was also quite underestimated in the Larh tests that used old cadaveric
samples that were crushed underneath artificially stiff rams of materials-testing machines that
caused failure too early.

Other Important Mechanisms
of Normal Spine Mechanics

Several other features of spine mechanics influence function and ultimately underpin stratesics
for injury prevention and rehabilitation. The most important are presented here,
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Biomechanics of Diurnal Spine Changes

Most people have experienced the ease of taking off their socks at night compared to purtting
them on in the morning. The diurnal variation in spine length (the spine being longer atrer
a night’s bed rest), ogether with the ability
[CLTNICAL . . to flex forward, has been well documented.
|RELEVANCE Early-Mﬂmlng Exercise Reilly, Tynell, and Troup (1984) measured
. losses in sitdnge heishe over g day of up
F{anp!e shnu_ld not undertake spine exer- 19 mm. They :!flf.n noted that app;"mim::leh'
['EES_,pamc'j”aﬂF thS'E: [hat, Foqiie 344% of this loss occurred in the firse 30 min-
hf’ll_[ spine flexion or bending—just _aftﬂr utes after rising. Chver the course of a day,
rising from bed, Bivent he elevated tssue hydrostatic pressures cause a net outflow of
stresses that rESLEIL This would *,":"Id X fluid from the disc, resulting in narrowing
[m. i Dccumlluﬂal task requiring full of the space between the vertebrae, which
spine range of motion. in turn reduces tension in the ligaments.
When a person lies down at night, osmotic
pressures in the dise nuclens exceed the hydrostanic pressure, causing the dise to expand.
Adams, Dolan, and Hutton (1987) noted that the range of lumbar flexion increased by 5° to
6i* throughout the day. 'The increased fluid content after rising from bed caused the lumbar
spine to be more resistant to bending, while the musculature did not appear to compensate by
restricting the bending range, Adams and colleagues estimated that disc-bending stresses were
increased by 3009 and ligament stresses by B0'% in the murning compared to the evening; they
concluded that there is an increased risk of i injury to these tissues during hending forward early
in the morning. Recently, Snook and colleagues (1998) demonstrated that simply avoiding full
lumbar flexion in the morning reduced back symproms, We are beginning to understand the
mechanism,

Spinal Memory

The function of the spine is modulated by certain previous actavity, This ocears because the load-
ing history determines dise hydration (and therefore the size of the disc space and disc geometry),
which in turn modulates ligament rest length, joint mobility, stiffness, and load distribution.
Consider the following scenario: McKenzie (197%) proposed that the nuclens within the annulus
migrates anteriorly during spinal extension and posteriorly during fexion, McKenzie's progeam
of passive extension of the lumbar spine (which is currently popular in physical therapy) was
based on the supposition that an anterior movement of the nucleus would decrease pressure on
the posterior pordons of the annulus, which is the most problemadc site of herniadon. Because
of the viscous properties of the nuclear material, such repositioning of the nucleus is not immedi-
ate after a postural change but rather takes time. Krag and coworkers (1987) ohserved anterior
movement of the nuclens during lumbar extension, albeit quite minute, from an elaborate
experiment that placed radio-opagque markers in the nucleus of cadaveric lumbar motion
segments. Whether this observation was caused simply by a redistriburion of the centroid
of the wedge-shaped nuclear cavity moving forward with flexion or was a movement of the
whole nucleus remains to be seen. Nonetheless, hydraulic theory would suggest lower bulging
forces on the posterior annulus if the nuclear centroid moved anreﬂnrl:l,. during extension. If
compressive forees were applied o 2 dise in which the nuelear material was still posterior (as in
lifting immediately after a prolonged period of flexion), a concentration of stress would oceur
on the posterior annulus.

While this specific area of research needs more development, a time constant seems o be
associated with the redistribution of nuclear material. If this result is correet, it would be unwise
to lift an object immediately following prolonged flexion, such as sitting or stooping (e.g.. a
stooped gardener should not stand erect and immediately life a heavy object). Furthermore,
Adams and Hutton (1988) suggested that prolonged full flexion may cause the posterior liga-
ments to creep, which may allow damaging flexion postures w go unchecked if lordosis is not
controlled during subsequent lifes. In a study of posterior passive tissue creep during sitting ina
slouched posture, MeGill and Brown (1992) showed that over the 2 minutes following 20 min-
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|§H¥~:ri‘:zlc§ > Functional Significance of Spinal Memory

It would appear protective to avoid loading immediately. after a bout of prolonged flexion. In the
occupational world this has relevance to ambulance drivers, for example, who drive to an accident
scene without the luxury of time towarm up {or reset the passive tissues) before lifting, They would
be wise to sit with a lumbar pad to avoid lumbar flexion and the associated creep. The athletic
world provides good examples as well, such as sitting on the bench before engaging in play, Those
with sensitive backs would do well to avoid sitting on the bench with a flexed lumbar spine while
waiting to perform. We recently quantified the loss of compliance in the lumbar spine with bench
sitting between bouts of athletic performance (Green, Grenier, and McGill, 2002) in elite volleyball
players. Viscosity is also a consideration in prolonged postures since “internal friction” increases with
prolonged static postures. Sitting in this way, and the associated changes in stiffness and viscosity,
are detrimental to athletes’ performance and increase their risk of injury. We will address this issue
mere completely in chapter 13,

utes of full flexion, subjects regained only half of their intervertebral joint stiffness, Even atver
30 minutes of rest, some residual joint laxity remained. This finding is of particular importance
for individuals whose work is characterized by cyelic bouts of full end range of motion postures
followed by exertion. Before lifting exertions following a stooped posture or after prolonged
sitting, a case could be made for standing or even consciously extending the spine for a short
period. Allowing the nuclear material to “equilibrate,” or move anteriorly to-a position associ-
ated with normal lordosis, may decrease forces on the posterior nuclens in a subsequent lifting
task. Ligaments will regain some protective stiffness during a short period of lumbar extension.
In conclusion, the anatomy and geometry of the spine are not static. Much research remains o
he done to understand the importance of tssue loading history on subsequent biomechanics,
rehabilicanon therapies, and injury mechanics,

Anatomical Flexible Beam and Truss:
Muscle Cocontraction and Spine Stability

The osteoligamentous spine is somewhat of an anatomical paradox: It is a weight-hearing,
upright, flexible rod. Observationally, the alality of the joints of the lumbar spine to bend in
any direction is accomplished with large amounts of muscle coactivation. Such coactivation
patterns are counterproductive to generating the torque necessary to support the applied load.
Coactivation is also counterproductive to minimize the load penalty impaosed on the spine from
muscle contraction, Researchers have postulated several ideas w explain muscular coactivation:
The abdominal muscles are involved in the generation of IAP (Davis, 1959) or in providing
support forces to the lumbar spine via the LDF (Gracoversky, Farfan, and Lamy, 1981), These
ideas have not been without opposition (see previous sections).

Another explanation for muscular coactivation is renable. A ligamentous spine will fail under
compressive loading in a buckling mode, avabour 20 N (about § 1b) (Lucas and Bresler, 1961).
In other words, 4 bare spine is unable to bear compressive load! The spine can be likened wo
a flexible rod that will buckle under compressive loading. However, if the rod has guy wires
connected to it, like the rigging on a ship’s mast, although more compression is ultdmately
experienced by the rod, it is able to bear much more compressive load since it is stiffened
and therefore more resistant to buckling, The cocontracting musculature of the lambar spine
(the flexible beam) can perform the role of stabilizing guy wires (the truss) to each lambar
vertebra, bracing it against buckling, Recent work by Crisco and Panjabi (1990), as well as by
Cholewicki and McGill (1996), Cholewicki, Julurw, and McGill (1999), and Gardner-Morse,
Stokes, and Laible (1995), has begun to quantify the influence of muscle architecture and the
necessiary coactivation on lumbar spine stability, The architecture of many torso muscles is
especially suited for the role of stabilizadon (Macintosh and Bogduk, 1987; McGill and Norman,
1987).
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Injury Mechanisms

Many climcians, engineers, and ergonomists believe that reducing the risk of low back mpary
involves the reduction of applied loads to the various anatomical components at risk of injury.
Without question, reduction of excessive loads is benefi-

eial, but this is an overly simplistic view. Optmal dssue d
health requires an envelope of loading, not too much or Muscular Cocontraction
too little. While some occupations require lower loads to
reduce the risk, in sedentary ocenpations the risk can be
better reduced with more loading and varying the nature
of the loading. To decide which is best, the clinician must
have a thorough understanding of the biomechanics of
tnjury, which comes in two parts. First is a brief review
of the injury mechanisms of individual tissues; second is
a lescription of the injury pathogenesis and several injury scenarios, Also needed is an under-
standing of generic situations for low back tissue damage deseribed in the tssue injury primer
at the end of chapter 1,

In order to invoke the antibuckling and
stabilizing mechanism during lifting. one
could justify lightly cocontracting the
musculature to minimize the potential of
spine buckling.

Summary of Specific Tissue Injury Mechanisms

This section provides a very hrief descriprion of damage from excessive load. All injuries nored
are known to be accelerated with repedtive loading.

* End plates. Schmorl’s nodes are thought to be healed end-plate fracrures (Vernon-
Roberts and Pirie, 1973) and pits that form from localized underlying trabecular bone collapse
(Gunning, Callaghan, and Me(Gill, 2001) and are linked w trauma (Aggrawall ex al,, 1979). In
fact, Kornberg (1988) documented (via MRI) traumate Schmorl’s node formarion ina patient
following forced lumbar flexion that resulted in an injury. People apparently are not born with
Schmorl’s nodes; their presence is associated with a more active lifestyle (Hardcastle, Annear,
and Foster, 1992). Under excessive compressive loading of spinal units in the laboratory, the
end plate appears to be the first structure to be injured (Brinckmann, Biggemann, and Hilweg,
198%; Callaghan and McGill, 2001a). Studies have revealed end-plate avalsion under excessive
anterior-posterior shear loading.

* FVertebrae. Vertehral cancellous bone is damaged under compressive loading (Fyhrie and
Schaffler, 1994) and often accompanies disc herniation and annular delamination (Gunning,
Callaghan, and McGill, 2001,

» Dise annuelus. Several types of damage to the dise annulus appear to occur, Classic disc
herniation appears to be associated with repeated flexion motion with only moderate compressive
loading required (Callaghan and McGaill, 2001a) and with full flexion with lateral bending and
twisting (Adams and Hutton, 1983; Gordon ex al,, 1991), Yingling and McGill (19993, 1999h)
docamented avulsion of the lateral annulus under anterior-posterior shear loading,

» Disc nuclens. While Buclwalter (1995), when referring to the disc nucleus, stated
that “no other museuloskeletal soft tissue structure undergoes more dramatic alterations with
age,” the relationships among loading, disc nutrition, decreasing concentration of viable cells,
accumulation of degraded marrix molecales, and fatigue failure of the matrix remain obscure.
However, recently Lotz and Chin (2000) documented that cell death (apoptosis) within the
nucleus increases under excessive compressive load. Interestingly, these changes are generally
not detectable or diagnosable in vivo,

* Newnral arch (postevior bony elements). Spondylitic fractures are thought o occur from
repeated stress—strain reversals associated with eyelic full flexion and extension (Burnett et al,,
1996; Hardeastle, Annear, and Foster, 1992). Cripton and colleagues (1995) and Yingling and
MeGill (19994) also documented that excessive shear forces ean fracture parts of the arch.

* Liggments, Ligaments seem to avulse at lower load rates but tear in their midsubstance at
higher load rates (Noyes, Delucas, and Torvik, 1994y, McGill (1997) hypothesized that landing
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Summarizing injury pathways from in vitro testing, evidence suggests that reduction in specific

tissue damage could be accomplished by doing the following:

* Reducing peak (and cumulative) spine compressive loads to reduce the risk of end-plate

fracture

* Reducing repeated spine motion to full flexion to reduce the risk of disc herniation (reduc-

ing spine flexion in the morning reduces symploms)

= Reducing repeated full-range flexion to full-range extension to reduce the risk of pars (or

neural arch) fracture

» Reducing peak and cumulative shear forces to reduce the risk of facet and neural arch

damage and painful discs.

* Reducing slips and falls to reduce the risk to passive collagenous tissues such as liga-

ments

* Reducing the length of time sitting, particularly exposure to seated vibration, to reduce

the risk of disc herniation or accelerated degeneration

on the buttocks from a fall will rupture the interspinous complex given the documented forces
(MeGill and Callaghan, 1999} and joint tolerance. Falling on the behind increases the risk for
prolonged disability (Troup, Martin, and Lloyd, 1981), which is consistent with the prolonged
length of time it takes for ligamentous tissue to regain structural integrity when compared with
other tissues (Woo, Gomez, and Akeson, 1985).

Injury Mechanics Involving the Lumbar Mechanism

Many researchers have established that wao great a load placed on a tissue will result in injury.
Epidemiological sudies (Hilkka et al., 1990; Marras et al., 1993; Norman et al., 1998; Videman,
Nurminen, and Troup, 1990) have proven this notion by identifying peak loading measures (i.e.,
shear, compression, trunk velocity, extensor moment, heavy work, etc.) as factors that explain
the frequency and distribution of reporting of back pain or increased risk of back injury. How-
ever, the search for direct evidence that links spine load with occupational low back disorders
(LBDs) may have been hampered by focusing on too narrow a range of variables, Researchers
have paid a massive amount of attention, for example, to a single variable—namely, acute, or
single maximum exposure to, lumbar compression. A few studies have suggested that higher
levels of compression exposure increased the risk of LBD (e.g., Herrin et al., 1986), although
the correlation was low. Yet some studies show that higher rates of LBDs occur when levels of
lumbar compression are reasonably low.

In contrast, Hadler (1991) claimed that the incidence of back i injury had not declined over
the past 25 years, even after increased research and resources had been dedicated to the area
over that nme frame. Hadler suggested thart the focus be turned from biomechanical causes of
injury to developing more “comfortable”™ workplaces. However, the rescarch deseribed thus far
in this text has clearly documented links o mechanical variables. Clearly, LBD causality is often
extremely complex with all sorts of factors interacting. We will consider some of those factors
in the following sections.

Sta}'ing Within the “Biomechanical Envelope”

Work to understand the risk of back injury in oceuparional contexts has had carryover for train-
ing. For e:mmple many researchers have established that too great a load placed on a tssue will
resubt in injury. I‘pxdunmlugﬂml studies on workers (Hilkka et al., 1990; Marras et al., 1993;
Norman et al., 199%; Videman et al., 1990) have proven this notion 1}}? identifving peak |ﬂadmg
measures (1.e., shear, compression, trunk velocity, extensor moment, heavy work, etc.) as factors
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that explain the frequency and distribution of reporting of back pain or increased risk of back
injury, Whar other mechanical variables modulate the risk of LBDs? As noted in chapter 1,
they are as follows:

* ‘Too many repetitions of force and motion or prolonged postures and loads have also
been indicated as potential injury- or pain-causing mechanisms,

* Cumulative loading (i.e., compression, shear, or extensor moment) has been identified
as a factor in the reporting of back pain (Kumar, 1990; Norman et al., 1998)

* Cumulative exposure to unchanging work has been linked 1o reporting of low back pain
(Holmes et al., 1993} and intervertebral disc injury (Videman et al., 1990).

* Many personal factors appear to affect spine tssue tolerance, for example, age and gender.
In a compiladon of the available literature on the tolerance of lumbar motion units to bear
compressive load, Jager and colleagues (1991 noted that when males and females are marched
for age, females are able to sustain only approximately two-thirds of the compressive loads of
males. Furthermore, Jager and colleagues’ data showed that within a given gender, a 6l0-vear-old
was ahle to rolerare only about two-thirds of the load tolerated by a 20-vear-old. These dara are
helpful in determining the optimal training loads.

Tor complicate the picture, Holm and Nachemson (1983) showed that increased levels of
motion are beneficial in providing nutrition to the strucnures of the intervertebral dise, while
much of our lab’s research has demonstrated that too many motion cycles (to full lexion) resulted
in intervertebral disc hermation. Buckwalter (1995) associated intervertebral dise degengration
with decreased nutridon. Meanwhile, Videman and colleagues (1990) showed that too hrtle
maotion from sedentary work resulted in intervertebral disc injury. While workers who performed
heavy work were also at increased risk of developing back troubles, workers who were involved
in varied types of work (mixed work) had the lowest risk of developing a spine ll'l]ﬂ!'} {Videman
et al., 1990). This presents the idea that too little motion or load, or too much motion or load,
can modulate the risk of spinal injury.

A simple experiment can be revealing. A number of years ago we asked a group of athletes
to stand with a barbell on their shoulders. We were measuring spinal microshrinkage. Then we
asked them to roll their pelvis antertorly and posteriorly to impart some gentle maorion o the
lumbar region (see figure 3.12). They remamed standing upright. We had to stop the experiment
due to the pain reported by the first few subjects. Training spine motion under load requires
caution, No specific guidelines exist for determining training loads—nor can such guidelines
exist for each individual. The point is that these notions are acknowledged and considered on
an individual hasis.

Stoop Versus Squat in Lifting Injury Risk

While the scientific method can prove thar a phenomenon is possible it observed, failure w
observe the expected result does not eliminate the possibility. One may only conclude thar the
experiment was insensitive to the particular phenomenon. The following discussion, as with many
in this book, is an attempt to incorporate this limitation and temper it with elinical wisdom.

In a previous section, lifting with the torso flexing about the hips rather than flexing the spine
was analyzed and described. Specifically, the lifeer elected to maintain a newtral lumbar posture
rather than allowing the lumbar region to flex. Here we will reexamine the lifting exercise,
but the lifter flexes the spine sufficiently to cause the posterior ligaments to strain. This lifting
strategy (spine flexion) has quite dramatic effects on shear loading of the intervertebral column
and the resultant injury risk. The dominant direction of the pars lumborum fibers of the longis-
simus thoracis and iliccostalis lumborum muscles when the lumbar spine remained in neutral
lordosis caused these museles to produce a posterior shear force on the superior vertebra, In
contrast, with spine flexion, the strained interspinous ligament complex generates forces with
the opposite ohliquity and therefore imposes an anterior shear force on the superior vertebra
(see fgures 5.13 and 5.14, a-F).

Let’s examine the specific forces that result from flexing the lumbar spine. The recruited
ligaments appear to contribute to the anterior shear force so that shear force levels are likely 1o
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Figure 5.12 Standing with a bar on the shoulders and (a) cyclically flexing and (b extending the
lumbar spine is painful and disarming—proof that training the loaded spine through a range of
rmiction requires extreme caution,

Putting Knowledge Into Practice

While the notion that too much of any activity (whether it be sitting at a desk or loading heavy
boxes onto pallets) can be harmiul is widely accepted, it is rarely taken into account in practice.
For example, industrial ergonomics has not yet wholeheartedly embraced the idea that not all
jobs need to be made less demanding, that some jobs need much more variety in the patterns of
musculoskeletal loading, or that there is no such thing as “best posture” for sitting. It is time for the
profession as a whole to remember that in any job, the order and type of loading should be con-
sidered and the demand on tissues should be varied. All sedentary workers should be taught, for
example, to adopt a variable posture that causes a migration of load from tissue to tissue, reducing
the risk of troubles. '

exceed 1000 N (224 Ib). Such large shear forces are of grear concern from an injury risk view-
point. However, when a more neurral lordotic posture is adopred, the extensor musculature is
responsible for creating the extensor moment and at the same time provides a posterior shear
force that supports the anterior shearing action of gravity on the upper body and handheld load.
The joint shear forces are reduced to abour 200 N (about 43 [b). Thus, using muscle to support
the moment in a more neutral posture, rather than being fully flexed with igaments supporting
the moment, greatly reduces shear loading (see table 5.10).

Quantification of the risk of injury requires a comparisan of the applied load to the wler-
ance of the tssue. Cripton and colleagues (1995) found the shear tolerance of the spine to he
in the neighborhood of 2000 w 2800 N in adulr cadavers, tor one-time loading. Recent work
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Figure 5.13 This gardener appears to be adopling a
fully flexed lumbar spine. Is this wise posture?d The force
analysis in figure 5,74 suggests it is not,

by Yingling and MeGill (19992 and 1999h) on
pig spines has shown that load rate is not a major
modulator of shear tolerance unless the load is very
ballistic, such as what might occur during a slip and
fall. This example demonstrates that the spine is at
much greater risk of sustaining shear injury (>1000
N applied to the joint) (224 1b) than compressive
injury (3000 N applied ro the joine) (672 1b) simply
because the spine is fully flexed. (For a more compre-
hensive discussion, see MeGill, 1997.) The margin
of safety is much larger in the compressive mode
than in the shear mode since the spine can safely
tolerate well over 10 kN in compression, but 1000
N of shear causes injury with cyclic loading, This
example also illustrates the need for clinicians and
ergonomists to consider other loading modes in
addidon to simple compression, In this example the
real risk is anterior-posterior shear load. Tnterest-
ingly, Norman and colleagues’ 1998 study showed
juint shear to be very important as a metric for risk

of injury of auto plant workers, particularly cumulative shear (high repetitions of subfailure

shear loads) over a workday.

Yet another consideration impinges on the interpretation of jury nisk. The ability of the
spine 1o bear load is a functon of the curvature of the spine in vivo, For example, Adams and

AT TET T

Figure 5.14 These original computer image hitmaps from the experiment conducted around 1987
illustrate ta) the fully flexed spine that is associated with myoelectric silence in the back extensors
and strained posterior passive tissues and high shearing forces on the lumbar spine (from both reac-
tion shear on the upper body and interspinous ligament strain. (b} A more neutral spine posture
recruits the pars lumborum muscle groups and aligns the fibers to support the shear forces (see
figure 4.27}. In this example, posture a resulted in 1900N of shear load on the lumbar spine while
pasture b reduced the shear load 1o about 200M!

Risptindied froine fearnal oo Blovmechienies, 3051 5.0 MeGill, vied paper: Biomechanics of low back injury: Implications o cuirent
practice and the <linic, 463-475, 1997, with permission from Esevier Science.
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CLINICAL
Stoop Versus Squat

Much has been written on the stoop style versus the squat style of lifting. Typically, conclusions were
based on very simple analyses that measured only the low back moment. The reaclion moment is a
functionof the size and position of the load in the hands and the position of the center of mass of the
upper body: As the previous example demonstrated, the issue is actually much more complex—the
lumbar spine curvature determines the sharing of the load between the muscles and the passive tis-
sues: In addition, each individual elects the way in which agonists and antagonists are coactivated.
Thus, the spine kinematic motion patterns, together with the muscle activation patterns, heavily
influence the resulting spine load and the ability of the spine to bear load without damage. The risk
of injury is the real issue that motivated most of these tvpes of analyses, vet it was not addressed
with sufficient detail to lead to a correct conclusion.

colleagues (1994) suggested thar a fully flexed spine is weaker than one that is moderately
flexed. In a recent study, Gunning, Callaghan, and MeGill (2001) showed that a fully flexed
spine (using a contralled porcine spine maodel) is 20% o 40% weaker than if it were in a
newtral posture.

Motor Control Errors and Picking Up Pencils

Although clinicians often hear patents report injuries from seemingly benign tasks (such
as picking up a pencil from the floor), this phenomenon will not be found in the scientific
literature. Because such an injury would not be deemed compensable in many jurisdictions,
medical personnel rarely record this type of event. Instead they arribute the canse elsewhere.
Moreover, while injury from large exertions is understandable, explaining injury that eccurs
during performance of such light tasks is not. The following is worth considering.

A number of vears ago, using video fluoroscopy for a sagittal view of the lumbar spine,
we investigated the mechanics of powerlifters’ spines while they lifted extremely heavy loads
(Cholewicki and McGill, 1992}, The range of motion of the lifters’ spines was calibrated and
normalized to full flexion by first asking them to flex at the waist and support the upper body
against gravity with no load in the hands. During the lifts, although the lifters appeared
outwardly to have a very flexed spine, in fact the lumbar joints were 2° to 3° per joint from
full flexion (see figures 5.15 and 5.16). This explains how they could lift such magnificent loads
{up to 210 ke, or approximately 462 1b) withour sustaining the injuries that are suspected to be
linked with full lumbar flexion.

However, during the execution of a hift, one lifter reported discomfort and pain. Examination
of the video Huoroscopy records showed that one of the lumbar joints (specifically, the 1.2-1.3
joint} reached the full-flexion calibrated angle while all other joints maintained their static
position (2-3° short of full flexion). The spine buckled and caused injury (see figure 5.17). This
15 the first observation we know of reported in the scientific hterature documenting propor-
tionately more rotation occurring at a single lumbar joing this unique occurrence appears o
have been due to an inappropriate sequencing of muscle forces (or a temporary loss of motor
comtral wisdom). This motivated the work of my colleague and former graduare student Profes-
sor Jacek Cholewicki to investigate and continuously quantify the stability of the lumbar spine
throughout a wide variety of loading rasks (Cholewicki and MeGill, 1996). Generally speaking,
the oceurrence of a motor control error that resules in 2 wmporary reduction in activation to
oneof the intersegmental muscles (perhaps, for example, a lamina of longissimus, iliocostalis, or
multifidus) may allow rotation at just a single joint to the point at which passive or other tissues
could become irritated or injured.

Cholewicki noted that the risk of such an event was greatest when high forces were developed
by the large muscles and low forces by the small intersegmental muscles (a possibility with cur
powerlifters), or when all muscle forces were low such as during a low-level exertion. Thus,
injury from quite low-intensity bending is possible. Adams and Dolan (1995) noted that passive
tissues hegin to experience damage with bending moments of 60 Nm. This can occur simply from
a temporary loss of muscular support during bending over. This mechanism of motor control
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Table 5.10 Individual Muscle and Passive Tissue Forces During Full Flexion and in a

More Neutral Lumbar Posture Demonstrating the Shift from Muscle to Passive Tissue

The extensor moment with full lumbar flexion was 171 Nm producing 3145 N of compression and 954 N of anterior shear. The
miore neutral posture of 170 Nm produced 3490 N of compression and 269 N of shear,

Fully flexed Neutral Fully flexed Neutral
lumbar spine | lumbar spine lumbar spine | lumbar spine
Force (N} Farce (M) Farce (N) Force (N)
MUSCLE MUSCLE {continued)

R rectus abdominis 16 34 L multifichus 1 20 102
| rectus abdaminis 16 0 B mudtifidus 2 28 87
R external oblique 1 10 6 L multifidus 2 28 50
L external obligue-1 10 40 E psoas (L1} 23 &1
R external oblique 2 | 7 62 L psoas (L1) 25 | GO
L external obligue 2 7 31 R psoas (L2) 25 | B
R internal obligue 1 15 130 L psoas (12) 25 | &9
L internal oblique | 15 102 R psoas (L3} 25 | 62
R internal oblique 2 | 20 a8 L psoas (L3 25 | 69
L internal ablique 2 I 9 116 R psoas (L4) 35 I ()
R pars lumborum (L1) | 21 253 L psoas (Ld) 25 | 69
L pars lumborum (L1} I 21 285 LIGAMENT

R pars lumborum (L2) | 27 281 Anterior longitudinal o 0
Lpars lumborum (121 | 27 317 Posterior longitudinal 86 0
R pars lumborum (L3 | 31 327 Ligamentum flavum 21 3
L pars lumborum (L3} 31 333 R intertransverse 14 0
K pars lumborum (L) 17 407 L intertransverse 14 0
L pars lumborum (L4} 32 355 R articular 74

R iliccostalis [umbarum 58 100 L articular 7 0
L ilioeostalis lumborum 58 137 R articular 2 103 0
R longissimus thoracis 93 135 L articular 2 103 | 0
L longissimus thoracis 93 179 Interspinous 1 301 I 0
R quadratus lumborum 25 155 Interspinous 2 345 | 0
L quadratus lumborum I 25 194 Interspinous 3 250 I o
R latissimus dorsi (L51| 15 101 Supraspinous 592 | 0
L latissimus dorsi (L5} | 15 115 R lumbodorsal fascia 122 | 0
R multificlus 1 | 28 a0 L lumbodorsal fascia 122 0

eérror resulting in temporary inappropriate neural activaton explains how injury might oceur
during extremely low-load situations, for example, picking up a pencil from the floor following
a long day at work performing a very demanding job,

Sources of Motor Control Errors

One must consider another issue when dealing with the possibility of buckling that results from
specific motor control errors, In our clinical testing we observed similarly inappropriate motor
patterns in some men who were challenged by holding a load in the hands while breathing
10% €O, to elevate breathing. (Challenged breathing causes some of the spine-supporting
musculature to drop o inappropriately low levels in some people; see MeGill, Sharrace,
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Figure 5.15 A group of powerlifters lifted Figure 5.16  This fluoroscopy image of the power-

very heavy weights while their lumbar lifter's lumbar spine shows how individual lumbar
vertebrae motion patterns were quantified. joint motion can be quantified in vivo. While
Each joint was skillfully controlled to flex recording, an injury occurred in one lifter when
but not fully flex. Each joint was 2% 1o 3° the vertebra at just one joint went to its full-flexion

away from the fully flexed, calibrated angle angle and surpassed it by about ane-half degree.
{see figure 5,16

Figure 5.17  {a) The powerlifter flexed to grab the weight bar and (b began to extend the spine during the lift. (c} As the
weight was a few inches from the floor, a single joint (L2-13] flexed to the full flexion angle, and the spine buckled, indi-
cated by the arrow.

and Seguin, 1995.) These deficient motor control mechanisms will heighten biomechanical
susceptibility to injury or reinjury {Cholewicki and McGill, 1996). My lab is currently involved
in a large-scale longitudinal investgation to assess the power of these motor control parameters
together with some personal performance variables and their role in causing back injury over
a multiyear period.
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Sacroiliac Pain—Is It From the Joinit?

Bogduk and colleagues (1996) proved that some low back pain is from the sacrniliac joint itself.
The following discussion offers other considerations. The work that many have reported over
recent years has demonstrated the extraordinary magnitudes of forces within the wrso exten-
sor musculanire even during nonstrenuous tasks. While these forces have been interpreted for
their mechanical role, clinicians have expressed interest in their porental to cause injury. One
possibility worth considering is that the high muscular forees may damage the bony attachments
of the corresponding muscle tendons. Such damage has perhaps been wrongfully attributed o
alternate mechanisms. One example follows.

Pain in the sacroiliac region is commaon and often attributed to disorders of the sacroiliac
(51) joint itself or the iliolumbar ligament. For this reason, the role of the musculature may
have been neglected. It is known that a large proportion of the extensor musculature obtains
its origin in the ST and posterior-superior iliac spine (PSIS) region (Bogduk, 1980). The area of
tendon-periosteum attachment and extensor aponeurosis is relatively small in relation to the
volume of muscle in series with the tendon complex. From this, a hypothesis evolved that the
seeming mismatch of large muscle tssue to small attachment area for connective tissue places
the connective tissue at high risk of sustaining microfailure, resulting in pain (McGill, 1987).
Knowledge of the collective muscle force—time histories enables speculation about one-ome
failure loads and cumulative trauma, For example, if the forces of museles that originate in
the SI region are tallied for the trial illustrated in table 5.4 (pages 78-79), then the total force
transmitted to the 51 region during peak load would exceed 5.6 kN, Such a load would hit a
small ear off the ground!

The failure wolerance of these connective tissues is not known, which makes speculation
over the potenrial for microfailure difficult. No douhr the risk of damage must increase with
the increase in the exremely large loads observed in the extensor museulature and with the
frequency of application, Industrial tasks comparable o lifting three containers in excess of
18 kg (40 Ib) per minute over an B-hour day are not unusual, suggesting thar the potential for
cumulative trauma is significant.

This mechanical explanation may account for local tenderness on palpation associated with
many of the 51 syndrome-cases. As well, muscle strain and spasm often accompany 51 pain.
MNonetheless, treanment 15 often directed toward the ardeolar joine despite the extreme diffi-
culty in diagnosing the joint as the primary source of pain. While reduction of spasm through
conventional techniques would reduce the sustained load on the damaged connective fibers,
patients should be counseled on techniques to reduce internal muscle loads through effective
lifting mechanics. This is a single example, of which there may be several, in which knowledge
of individual muscle force—time histories would suggest a mechanism for injury for which a
specific—and possibly atvpical—treatment modality could be prescribed.

Bed Rest and Back Pain

While bed rest has fallen from favor as therapy, given the generally poor patient outcome, the
mechanism for poor outcome is just now starting to be understood. Bed rest reduces the applied
load (hydrostatic) below the disc osmotie pressure, resulting in 2 net inflow of fuid (MeGill, van
Wijk et al., 1996). McGill and Axler (1996) documented the growth in spine length over the
usual 8 hmirs of bed rest and then over continued bed rest for another 32 hours. This is unusaal
sustained pressure and is suspected to cause backache. Oganov and colleagues (1991) documented
increased mineral density in the vertebrae following prolonged space travel (weightlessness);
this finding is notable because other bones lost mineral density. I indicates thar the spine was
stimulated to lay down hone in response to higher loads; in this case, the higher load was due
to the swollen dises. The analog on earth is lying in bed for periods longer than 8 hours—it
actually stresses the spine!

Bending and Other Spine Motion

While some researchers have produced dise heriations under controlled condidons (e.g., Gordon
et al., 1991), Callaghan and McGill (2001a) have been able to consistendy produce disc hernia-
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tions by mimicking the spine motion and load

CLINICAL . . .

reLevance 2 Moderation in All TI'III'IgE patterns seen in workers, ":FH.‘( ifically, ﬂn.l:ir a

very modest amount of spine compression
force seems to be required {only B00-1000 N,
or 177-220) b}, but the spine specimen must
be repeatedly flexed, mimicking repeated
wrso-spine flexon from connnual bending wo
a fully flexed posture. In these experiments,
we documented the progressive tracking of
disc nucleus material maveling posteriorly
through the annulus of the disc with final
sequestration of the nuclens material. This
was noted to occur around 18,000 to 25,000
cycles of flexion with low levels of spine compression (about 1000 N, or 220 Ib), but it would
occur with much fewer cycles of hending with higher simultaneous compressive loads (about
5000 cyeles with 3000 N, or 670 Ib, of compression). Most interesting was the fact that the
tracking of nuclear material began from the inside and slowly worked radially outward, sug-
gesting that, had this been a living worker, there may have been lirtle indication of cumulative
damage untl the culminating event.

The phrase “moderation in all things”
appears to encapsulate a lot of spine
biomechanical wisdom; varying load-
ing through constant change in activity
is justifiable. Obviously, overload is
problematic, but the previous example
shows that even lying in bed too long is
problematic—it increases annulus, end-
plate, and vertebral stress!

Confusion Over Twisting

While twisting has been named in several studies as a nisk factor for low back injury, the literature
does not make the distinction between the kinematic variable of twasting and the kinetic variable
of generating twisting torque. While many epidemiological surveillance studies link a higher risk
of LBD with twisting, twisting with low twist moment demands results in lower muscle activity
and lower spine load (McGill, 1991). Further, passive tissue loading is not substantial until the
end of the wwist range of motion (Duncan and Ahmed, 1991), However, developing twisting
moment places very large compressive loads on the spine because of the enormous coactivation
of the spine musculature (MeGall, 1991), This can also occur when the sping is not twisted but
in a neutral posture in which the ability to wlerate loads is higher, Either single variable (the
kinemartic act of rwisting or generating the kineti variable of twist torque while not twisting)
seems less dangerous than epidemiological surveys suggest. However, elevated risk from very
high tissue loading may vecur when the spine is fully twisted and there is a need to generate
high rwisting torque (MeGill, 1991). Several stadies, then, have suggested that compression on
the lumbar spine is not the sole risk factor. Both laboratory tissue tests and field surveillance
suggest that shear loading of the spine, together with large twists coupled with twisting torque,
increases the risk of tissue injury.

RELEVANCE Repeated Spine Flexion and Bending

While much ergonomic effort has been devoted to reducing spine loads, it is becoming clearer
that repeated spine flexion—even in the absence of moderate load—will lead to discogenic
troubles, Furthermore, recent evidence shows that the direction of the bending will determine
the location of the annulus damage (Aultman et al., 2005). Ergonomic guidelines will be
mare effective once factors for flexion repetition and direction are included,

Is Viral Involvement Possible in Low Back Pain?

Research has suggested that the incidence of some musculoskeletal disorders of the upper extrem-
ity is elevated following exposure to a viral infection. Could viral infecrions also be responsible
for LBDs? While this scenario is possible in individual cases, it could only account for some.
Since animal model studies use animals that are sereened for disease, with only approved speci-
mens heing selected for testing, controlled mechanical loading would seem to account for the
sigmificant findings. Viral infections have been linked to an increased probability of developing
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such diseases as carpal nmnel syndrome or arthrins (Mody and Cassim, 1997; Phillips, 1997;
Samii et al., 1996). However, Rossignol and colleagues (1997) found that work-related factors
accounted for the majority of the causes influencing development carpal munnel syndrome. Future
research should examine the links between viral infections leading to spinal tissue degeneration
and low back injury etiology. They seem to be involved in some select cases.

Sciatic Symptoms

Sciatica can be caused by tension of the sciatic nerve, or of the lumbar nerve roots, or within
the eauda equina. It also can be caused by pinching at numerous locarions along irs length or
by irritation by rough surfaces such as arthritic bone or extruded dise marerial. The symptoms
range from radiating pain to sensations in the leg or foot, Back pain may or may not be present.
Tragically, cases of foot pain, ankle pain, or leg pain caused hy lumbar nerve compromise
are often stretched for therapy in the belief that muscle tightness rather than neural tension
is the culprit. This just keeps the nerve angry. We take two approaches. First, spine-sparing
motions are adopted to avoid end range of motion and associated nerve tension and to reduce
possible dise bulging. The second approach involves nerve flossing (nerve flossing technigque
together with qualifving teses for patient selection are explained in the third section of this book
on page 2 16).

Section Summary

From this deseripoon of injury mechanisms with several modulating factors, iv is clear that
multifactorial links exist. Interpretation of these links will enhance injury prevention and reha-
hilitation efforts. In fact, effective interventions will notoceur without an understanding of how
the spine works and how it becomes injured.

Biomechanical
and Physiological Changes Following Injury

While the foundation for good clinical practice requires an understanding of the mechanism
for injury, an understanding of the lingering consequences is also helpful.

Tissue Damage Pathogenesis, Pain, and Performance

Many discuss spine injury as though it is a static entity, that is, by focusing on specific tissue
damage. However, since tissue damage causes changes to the joint hiomechanics, other rissues
will be aftected and drawn into the clinical picture. Understanding the links in this issue begins
with the concept of pain.

Tissue damage causes pain. Some have said there is no proof that this statement is true since
pain 15 a perception and no mstrument can measure it directly. This notion ignores the large
body of pain literature (a review of which is well outside the scope of this chapter), which has
motivared a recent proposal from a diverse group of pain specialists to classify pain by mecha-
nism—specifically, transient pain (which does not produce long-term sequelae) and tissue injury
and nervous svstem injury pain, both of which have complex organic mechanisms (Woolf et
al., 1098),

Siddall and Cousins (1997) wonderfully summarized the great advances made in the under-
standing of the neurobiology of pain—in particular, the long-term changes from noxious stimu-
lation known as central sensitization. Briefly, tissue damage directly affects the response of the
nociceptor to further stimulation; over longer periods of tme, both increase the magnitude of
the response, sensitivity to the stimulus, and size of the region served by the same afferents.
Some clinicians have used this as a rationale for the prescription of analgesics early in acute low
back pain. Furthermore, some have based arguments on whether a certain tissue could initi-
ate pain from the presence or absence of nociceprors or free nerve endings, requiring proof of
damage to the specific tissue in question. But tissue damage (along a continuum from cell damage
to macrostructural failure) changes the biomechanics of the spine. Not anly may this change
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cause pain, but it appears to initiate a cascade of change that can cause disruptions 1o the joint
and continual pain for years in leading to conditions such as facet arthritis, accelerated annular
degeneration, and nerve root irritation, to name a few. (See Kirkaldy-Willis and Burton, 1992,
for an excellent review of the cascade of spine degeneration initiated by damage.) Butler and
colleagues (1990) documented thar disc damage nearly always occurs before facet arthritis is
observed. Injury and tssue damage initiate joint instabilities, cansing the body o respond with
arthritic activity to finally stabilize. This results in a loss of range of motion and, no doubt, pain
(Brinckmann, 1985).

Injury Process: Motor Changes

It is conclusive that patients reporting debilitating low back pain suffer simultaneous changes
in their motor control systems. Recognizing these changes is important since they affect the
stabilizing system, Richardson and coworkers (1999) produced quite a comprehensive review of
this literature and made a case for targeting specific muscle groups during rehabilitation, Spe-
cifically, their objective is to reeducate faulty motor control patterns postinjury. The challenge
15 to train the stabilizing system during »tud} -state activities, and also during rapid voluntary
motions, and to withstand sudden surprise loads.

Among the wide variety of motor changes researchers have documented, they have paid
particular attention to the transverse abdominis and multifidus muscles. For example, during
anticipatory movements such as sudden shoulder flexion movements, the onset of transverse
abdominis has been shown to be delayed in a few subjects with back rroubles (Hodges and Rich-
arison, 1996; Richardson et al., 1999). While the Queensland group developed a rehahilivation
protocal specifically intended to reeducate the motor control system for involvement of the
transverse abdominis, there are many other muscles that exhibic motor control perturbations.
A number of laboratories have also documented changes to the multifidus complex. Further, in
a very nice study of 108 patents with histories of chronic LED ranging from four months wo
20 vears, Sihvonen and colleagues (1997) noted that 30% had disturbed joint maotion and thar
73% of those with radiating pain had abnormal EMGs to the medial spine extensor muscles.
Interestingly enough, in the many studies on the multifidus, EMG abnormalities in the more
lateral longissimus seem to appear along with those in multifidus in people with back troubles
(Haig er al., 1995). Jorgensen and Nicolaisen (1987) associated lower endurance in the spine
extensors in general, while Roy and colleagues (1995) established faster fatipue rates in the mul-
tifidus in those with low back troubles. In addition, changes in torso agonist-antagonist activity
have heen documented during gait (Arendi-Nielson et al., 1995; Vogt et al., 2003), particularly
in the gluteals, back extensors, and hamstrings during walking. In addition, asymmetric extensor
muscle output has been observed during isokinetic torso extensor efforts (Grabiner, Koh, and
Ghazawi, 1992), which alters spine tissue loading,

Further, evidence indicates that the structure of the muscle itselfexpenences change following
injury or pain episodes. Anatomical changes following low back injury include asymmetric atro-
phy in the multifidus (Hides, Richardson, and Jull, 1996) and fiber type changes in multifidus
even five years after surgery (Rantanen et al., 1993), Long-term outcome was associated
with certain composition characteristics. Specifically, good outcome was associated with

Function, Rehabilitation, and Pain

An interesting point for troubled backs is that pain can be both a blessing and a curse.
Waorking through pain (assuming muscular pain) is often a rehabilitation and training
necessity. But pain from tissue damage is another story, Pain is inhibiting of normal motor
patterns. Furthermore, it is well established that one does not get used to pain from tissue
damage; rather the process of central sensitization ensures that the person becomes even
more sensitive to the pain. For many individuals, addressing proper mechanics to spare
the damaped tissues must precede rigorous training—how this is done is explained in
the final chapters of this book.
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norinal fiber appearance, while poor outcome was associated with atrophy in the type 11 fibers
and a “moth-eaten” appearance in type 1 fibers. Moreover, even after symptoms had resolved,
Hides and colleagues (1996) documented a smaller multifidus and suggested impaired reflexes
as 4 mechanism. This theory appears tenable, given documented evidence of this at other joints,
particularly at the knee (Jayson and Dizon, 1970; Stokes and Young, 1984). Once again, the
reason for the clinical emphasis on the multifidus may well be that the bulk of the research has
been performed on this muscle. Yet researchers who have examined other muscles have observed
similar changes in unilateral atrophy—for example, in the psoas (Dangaria and Naesh, [998).
Wise clinicians consider all museles, not just those that have been chosen for study.

Specific Patterns of Muscle Inhibition Following Injury

As stated in the previous section, pain inhibits normal motor parterns and is associated with
several other characteristics. More insight is provided here.

The Crossed-Pelvis Syndrome and Gluteal Amnesia

De. Viadamir Janda (see figure 5,18) proposed the crossed-pelvis syndrome in which those with
a history of chronic low hack troubles displayed characteristic patterns of what he referred
as “weak” and “tght” museles, Specifically he deseribed the features of the crossed-pelvis syn-
drome as including a weak gluteal and abdominal wall complex with vight hamstrings and hip
tlexors. He developed a technique to “correct” this aherrant pattern. While 1 have difficulty in
integrating the terms “weak™ and “rnght” from a seientific point of view, Janda’s general insights
were generally true. From measuring groups ol men with chronic back troubles during squatting
types of tasks. it is clear that they try to accomplish this basic motion and motor pattern of hip
extension emphasizing the back extensors and the hamstrings—they appear to have forgotten
how to use the gluteal complex. Noticeable restrictions in the hip flexors may or may not he
present, but without question the gluteals are not recruited to levels thar are necessary to hoth
spare the back and foster better performance. 1 refer to this as “gluteal amnesia,”

It is common for both patients and athletes to arrive at our research climc with chronic back
troubles and with a crossed-pelvis overlay. Traditional strength approaches to rehabilitating

Figure 5,18 | worked in several clinical workshops with D, Janda prior to his death. He taught
me much clinical wisdom that we were able to evaluate and quantify.
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their backs have failed since strength squat parterns were attempted on aberrant motor patterns:
Specifically, the gluteal complex was not able to contribute its share to hip extension, loading up
the back as the erector spinae crushed the spine. Sparing the back during hip extensor training
demands healthy gluteals. Specific training to reprogram gluteal mregration is deseribed and
demonserated in part TIT of this book.

Lingering Deficits Following Back Injury

Ina recent study (McGill etal., 2003}, we extensively tested 72 workers. Of those work-
ers, 26 had a history of back troubles sufficient to result in lost time, 24 had some back
troubles but not severe enough to ever lose work time, and the rest had never had any
back complaints: All were asymptomatic-and back to work at the time of testing: The
litany of differences between groups is explained elsewhere but included several motor
control deficits. Our findings can be summarized as follows;

* Having a history of low back troubles was associated with a larger waist girth,
a greater chronicity potential as predicted from psychosocial questionnaires,
and perturbed flexion-to-extension strength and endurance ratios, among other
factors.

* Those who had a history of back troubles had a lack of muscle endurance—spe-
cifically, a lack of balance of endurance among torso muscle groups. Absolute
torso strength was not related, although the ratio of flexor to extensor strength
was important,

* Those with a history of low back trouble had diminished hip extension and
internal rotation, suggesting psoas involvement.

» Those with a history of back troubles had a wide variety of motor control deficits
including deficits during challenged breathing (as would occur during challeng-
ing work), balancing, having to endure surprise loading, and so on, Generally,
those who were poor in one motor task were likely to be poor in another.

Given that those workers who had missed work because of hack troubles were mea-
sured 261 weeks, on average, after their last disabling episode, the multiple deficits
appear to remain for very lengthy periods. The broad implication of this work is that
having a history of low back troubles, even when a substantial amount of time has
elapsed, is associated with a variety of lingering deficits such that a multidisciplinary
training imervention approach would be required to diminish their presence, This col-
lection of evidence strongly supports exercise prescription that promaotes the patterns of
muscular cocontraction and movemnent patterns observed in fit spines and quite power-
iully documents pathoneural-mechanical changes associated with chronic LBD. Once
again, these changes are lasting years—not 6 to 12 weeks! The evidence presented here
collectively justifies the training regimens described in part 11l of this book. It is critical
to address basic motion and maotor patterns first, before serious back training begins in
earnest, This is the way to establish the foundation for ultimate performance, and to do
it s0 as to break chronicity in those with history of back troubles.
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CHAPTER 6

Myths and Realities
of Lumbar Spine Stability

Smhilit;-' is @ popular term in discussion of the low back, but it may be widely misunderstood
and mappropriately used. In previous chapters we established several relevant facts. First,
all sorts of tissue damage result in joint laxity, which in turn can lead to instabilicy. For example,
strained or failed ligaments cause joint laxity and unstable motion under load. End-plate frac-
tures with loss of disc height are another example of dssue damage that results in unstable joint
behavior, Clearly, joint instability is a consequence of tissue damage (this is nicely summarized
by Oxland et al,, 1991). A fundamental tenet is that lost mechanical integrity in any load-
hearing tissue will result in stiffness losses and an increased risk of unstable behavior, We also
saw in chapter § that during an event in which instability was observed (the buckling spine of
the powerlifter), injury resulted. So, instability can both cause and be the result of injury. Finally,
overlaying the tissue-hased aspects of stability are the motor contral aspects since coordinated
contraction stiffens the joints and ultmately determines joint stabality.

The purpose of this chapter is to provide a definition of stability and an understanding of
how it is mereased or decreased. This is a eritical foundarion for those preseribing stabilization
exercise or recommending strategies to prevent injury. Artempts to enhance stability and prevent
instability are compromised without an understanding of the influencing factors. To quantify
those factors, however, we must agree on definitions. Whar exactly do we mean when we use
the terms spine stability, corve stability, and stabilization evercive? Often the meanings depend on the
background of the individual: To the biomechanist the rerms pertain to a mechanical strucrure
that can become unstable when a “critical point” is reached: a surgeon may view abnormal joine
motion patterns as unseable bur correcrable through changing the anatomy: and the manual
medicine pracritioner may interpret pacterns of muscle coordination and posture as indicative
of instability and artempr to alter one, or a few, muscle activation profiles, Several groups have
made contribations o the stahility issue, but only a very few have attempred to actually quantify
stability. This critical issue is addressed here,

Upon completion of this chapter, you will understand stability and its importance in injury
prevention and rehabilitation. Furthermaore, you will understand why certain approaches are
preferable for achieving sufficient stability.

Stability: A Qualitative Analogy

The following demonstration of structural stability illustrates key issues. Suppose a fishing rod
is placed npright and vertical with the butt on the ground. If the rod were to have a small load
placed in its tip, perhaps a pound or two, it would soon bend and buckle. Now suppose that the
same rod has guy wires attached ar different levels along its length and that those wires are also
attached to the ground in a circalar pattern (see figure 6.1, a-8). Each gy wire is pulled to the
same tension (this is critical). Now if the tip of the rod is loaded as before, the rod can sustain
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Figure 6.1 (a/ The spine is analogous to a fishing rod placed upright with the butt on the ground.
When compressive load is applied downward to the tip, it will buckle quickly. (b Attaching puy
wires at different levels and in different directions and, most important, tensioning each guy wire to
the same tension will ensure stability even with massive compressive loads. Note that the guy wires
need not have high tension forces but that the tensile forces must be of roughly equal magnitude.
This is the role of the musculature in ensuring sufficient spine stability.

the compressive forces successfully. If you reduce the tension in just one of the wires, the rod
will buckle at a reduced load; we could actually predict the node, or locus, of the buckle.

Compressive loading similar to this has been performed on human lumbar spines, Typically,
an osteoligamentous lumbar spine from a cadaver with muscles removed (and no guy wires) will
buckle under approximately 90 N (about 20 Ib) of compressive load (first noted by Lucas and
Bresler, 1%61). This is all that a spine can withstand!

This analogy demonstrates the critical role of the muscles (the guy wires) to first ensure
sufficient stability of the spinge so that it is prepared 1o withstand loading and sustain postures
and movement. Also demonstrated with this example is the role of the motor control system,
which ensures that the tensions in the cables are proportional so as o not ereate a nodal point
where buckling will oceur. Revisiting the buckling injury that we observed fluoroscopically in
the powerlifter (page 105), we would hﬂ)mheqize that it was caused by a motor control error in
which possibly one muscle reduced its activation or, from the previous analogv Tost irs soiffness.
The synchrony of balanced stiffness produced by the motor control system is absolutely critical.
Now we can address how stability is quantified and modulated.

Quantitative Foundation of Stability

This section guantifies the notion of stability from a spine perspective: During the 1980s, Pro-
fessor Anders Bergmark of Sweden very elegantly formalized stability in a spine model with
joint stiffness and 40 muscles (Bergmark, 1987). In this classic work he was able to represent
mathematically the concepts of “energy wells,” stiffness, stability, and insrability. For the most
part, this seminal work went unrecognized largely because the engineers who understood the
mechanics did not have the biological or clinical perspective and the clinicians were hindered
in the interpretation and implications of the engineering mechanics. This section synthesizes
Bergmark’s pioneering effort as well as its continued evolution in the work of several others
and attempts to encapsulate the critical notions withour mathematical complexity. If you are
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Figure 6.2 The continuum of stability. {a) The deepest
bow! is most stable, and (o) the humip is least stable, The
ballin the bowl seeks the energy well or position of mini-
mum potential energy (m-g < hl, Deepening the bow! or
increasing the steepness of the sides increases the ability
to survive perturbation. This increases stability,

PE=m-g-h

Slope = joint sliffness
Width at bottom of bowl = joint laxity

Figure 6.3  The steepness of the sides of the bowl cor-
responds 1o the stiffness of the passive tissues of the joint,
which create the mechanical stop to motion. The width
of the bottom of the bowl corresponds 1o joint laxity, For
example, a positive “drawer test” on the knee would be
represented by a flattened bottorm of the curve in which
small applied forces produce large unopposed motion,

mathematically inclined, see Bergmark's original
work or its formalization by Cholewicki and MeGill
(1996).

Potential Energy
as a Function of Height

The concept of stability begins with potential
energy, which for our purposes here is of two
basic forms. In the Hrst form, objects have poten-
tial energy (PE) by virtue of their height above a
datum.

PE = mass - gravity - height

Critical to measuring stability are the notons
of energy wells and minimum potential energy.
A ball in a bowl is considered stable because if a
force (ora perturbadon) were applied todr, it would
rise up the side of the bowl but then come to rest
again in the position of least potential energy at the
bottom of the bowl (the energy well) (see figure 6.2,
a-d). As noted by Bergmark, “stable equilibriam
prevails when the potential energy of the system
is minimum.” The system is made more stable by
deepening the bowl or by increasing the steepness
of the sides of the howl, or both (see figure 6.3).
Thus, the noton of stability encompasses the
unperturbed energy state of a system and a study
of the system following perturbation—if the joules
of wark done by the perturbation are less than the
joules of potendal energy inherent to the system,
then the system will remain stable (i.e., the ball
will not roll out of the bowl). The corollary 15
that the mechanical system will become unstable
and possibly collapse if the applied load exceeds a
crtical value (determined by potential energy and
stffness),

The previous ball analogy is a two-dimensional
example. This would be analogous to a hinged
skeletal joint that has the capacity only for flexion-
extension, Spinal joints can rotate in three planes
and rranslate along three axes, requiring a six-
dimensional bowl for each joint: Mathematies
enables us 1o examine a 36-dimensional bowl
(fi lumbar joinrs with 6 degrees of freedom each)
representng the whole lumbar spine. If the height
of the bowl were decreased in any one of these
36 dimensions, the ball could roll out. In clinical
terms, a single muscle having an inappropriate
force (and thus stiffness) or a damaged passive tissue
that has lost stiffness can cause instability thart is
both predictable and guantfiable.

Some clinicians have confused spine stabil-
ity with whaole-body balance and stability, which
involves the center of mass and base of support in
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the context of falling over; this is quite different from spine stability, Figure 6.4, 2 and & illus-
trates the mechanics of whole-body balance and stability. Figure 6.5, # and b, shows the clinical
practice of prodding patients. This approach is misguided for enhancing spine stability.

: o

A A

Figure 6.4 Another tvpe of stability, often confused with spine column stability, involves the center of mass and base of
support in the context of falling over. fa) This triangle is stable because a small perturbation o its top would not cause
it to fall. The size of this stability can be quantified, in part, by the size of the angle thela. (b} As the center of the mass
approaches a vertical line drawn from the base of support, a smaller perturbing force wauld be required for it to fall, dem-
onstrating that it is stable but less so.

Figure 6.5 (a. b/ Misunderstanding stability, illustrated in the examples given in figure 6.4, has led clinicians to try to
enhance spine stability by prodding patients and attempting to knock them off balance. This is not spine stability but
whole-body stability.

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material

Myths and Realities of Lumbar Spine Stability

Potential Energy as a Function
of Stiffness and Elastic Energy Storage

While potential energy by virtue of height is useful for illustrating the concept, potential
energy as a function of stiffness and storage of elastic energy is actually used for muscaloskeletal

P
PE=12-k-X
5: PE-P
5«0 runstabie
S5=0:stable

Figure 6.6 Increasing the stiffness of the cables
imuscles) increases the stability (or deepens the
bowll and increases the ability to support larger
applied loads (P) without falling. But most impor-
tant, ensuring that the stifiness is balanced on each
side enables the column to survive perturbation
from either side. Increasing stiffness of just one
spring will actually decrease the ability to bear
compressive load (lowering PE in ane direction
and mode), illustrating the need lor *balanc-
ing” stiffness for a given posture and moment
demand.

application. Elastic potential energy is calculated from
stiffness (k) and deformation (x) in the elastic element,
as shown here:

PE=1/2.k.x

We will use an elasdc band as an example. Soetch-
ing the band with a stiffness (k) a distance x, it will store
energy (PE). The stretched hand has the potential o
do work when smetched. In other words, the greater
the stiffness (k), the greater the steepness of the sides
of the howl (from the previous analogy), and the more
stable the structure. Thus, stiffness creates stability (see
figure 6.6). More specifically, symmetric stiffness creates
even more stability, (Symmetry in suffness is achieved
by virtually all muscles of the torso; see figure 6.7, a-4.)
If more joules of work are performed on the spine than
there are joules of potential energy due to stiffness, the
spine will become unstable (see figure 6.5).

Active muscle acts like a stiff spring; and in fact, the
greater the activation of the muscle, the greater this
stiffness. Hoffer and Andreassen (1981) showed that
joint stiffness increases rapidly and nonlinearly with
muscle activation such that only very modest levels of
muscle activity create sufficiently stiff and stable joints.
Farthermore, joints possess inherent joint sciffness as
the passive capsules and ligaments coneribute stiffness,

Figure 6.7  {a) Spine stiffness (and stability) is achieved by a complex interaction of stiffening structures along the spine
and b} those forming the torso wall. Balancing stifiness on all sides of the spine is more critical to ensuring stability than

having high forces on a single side,
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particularly at the end range of motion. The motar
control system is able to control stability of the
joints through coordinated muscle coactivation and
tes a lesser degree by placing joints in positions thar
modulate passive sdffness contributon. However, a
faulty mator control system can lead to inappropriate
magnitudes of muscle force and stiffmess. allowing a
valley for the ball to roll out or, clinically, for a joint
to buckle or undergo shear translation. Flowever,
we are limited in our ability to analyze the local
stability of mechanical systems and particularly
musculoskeletal linkages, since the energy wells are
not infinitely deep and the many anatomical com-
ponents contribute force and stffness in synchrony
to create surfaces of potential energy in which many
local wells exist. Thus, we locate local minima by
examining the derivative of the energy surface. (See
Bergmark, 1987; Cholewicki and McGill, 1996, for
mathematical detail.)

We quantify spine stahility, then, by forming a
matrix in which the total “suffness energy™ for each
degree of freedom of joint motion is represented by
a number (or eigenvalue); the magnitude of that
number represents its contribution to forming the
height of the bowl in that particular dimension.
Eigenvalues less than zero indicare the potential
for instability. The eigenvector (different from the
eigenvalue) can then identify the mode in which
the instability occurred, while sensitivity analysis
15 used o reveal the possible contributors to unstable behavior. Gardner-Morse and col-
leagues (1993) initated interesting investigations into eigenvectors by predicting patterns
of spine deformation due to impaired muscolar intersegmental control. Their question was,
*Which muscular pattern would have prevented the instability?” Crisco and Panjabi (1992)
began investigations into the contributions of the various passive tssues. Our group has been
investigating the eigenvector by systemartically adjusting the stiffness of each muscle and assessing
stability in a variety of tasks and exercises. The contributions of individual muscles to stability
are shown later in this chaprer,

Activating a group of muscle synergists and antagonists in the optimal way now hecomes
a critical issue. In clinical terms, the full complement of the stabilizing musculature must
waork harmoniously to ensure stability, generation of the required moment, and desired
joint movement. But only one muscle with inappropriate activation amplitude may produce
instahility, or at least unstable behavior could result from imappropriate activation at lower
applied loads,

Load

Figure 6.8 I more joules of work are performed on
the spine than there are joules of patential energy due
tor stilfness, the spine will become unstable—in this
case, the instability mode is buckling.

Muscles Create Force and Stiffness

When a muscle contracts it creates both force and stiffness. While stitfness is always stabilizing,
force may stabilize or destabilize. The refationship between increasing foree in a muscle and
the corresponding stiffness is quite nonlinear, with large increases in stiffness occurring quite
early as activation begins. Thus as a muscle becomes more active it usually adds to spine
stability: but if the force keeps rising, little additional stiffness is created and the force of
the muscle will become large enough to actually induce buckling of the spine (Brown and
MeGill, 2005). This is more evidence for the wisdom of clinically enhancing spine stahil-
ity with the objective of balance in stffness and force in all contributing muscles rather than
focusing on 4 single muscle group.
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Sufficient Stability

How much stahility is necessarv? Obwiously, insufficient stiffness renders the joint unstable, but
too much stiffness and coactivation imposes massive load penalties on the joints and prevents
motion. We can define suflicient stability as the muscular stiffness necessary for stability, with a
modest amount of extra stability to form a margin of safety. Interestingly, given the rapid increase
in joint stffness with modest muscle force, large muscular forces are rarely required.

Cholewicki® work (Cholewicki and McGill, 1996; Cholewicki, Simons, and Radebold, 2000)
demonstrated that, in most people with an undeviated spine, modest levels of coactivation of the
paraspinal and abdominal wall muscles will resultin sufficient stability of the lumbar spine. This
means that people, from patients to athletes, must be able to maintain sufficient stability in all
activities—wirth low bur continuous muscle activarion, Thus, maintaining a stability margin
of safety when performing tasks, particularly rhe tasks of daily living, is not compromised
by insufficient strength but probably by insufficient endurance. We are now beginning to
understand the mechanistic pathway of those studies showing the efficacy of endurance
training for the muscles that stabilize the spine. Having strong abdominal muscles does not
necessarily provide the prophylactce effect that many hoped for. However, several works
suggest that muscular endurance reduces the risk of future back rroubles (Biering-Sorensen,
1984). Finally, the Chueensland group (e.g., Richardson et al.; 1999) and several others (e.g.,
CYSallivan, Twomey, and Allison, 1997) noted the disturbances in the motor control system
following injury (detailed in chapter 5). These disturbances compromise the ability to maintain
sufficient stability. In summary, stability comes from stiffness, passive stiffness is lost with tissue
damage, and active suffness throughout the range of motion is lost with perturbed motor pat-
terns following injury.

Stability Myths, Facts, and Clinical Implications

Having explored some of the issues of spine stability, we will now consider a few crucial ques-
tions that will help enhance clinical decisions.

* How much muscle activation is needed to ensure sufficient stability? The amount of

muscle activation needed to ensure sufficient stability depends on the task. Generally, for most
tasks of daily living, very modest levels of abdominal wall eocontraction (activation of about
10% of maximal voluntary contraction or even less) are sufficient. Apain, depending on the
task, cocontraction with the extensors (this will also include the guadrarus) will ensure stabiliy.
However, if a joint has lost stiffness because of damage, more cocontraction is needed. A specific
example 1s shown in chapter 13.

* Is any single weascle most important? Several clinical groups have suggested focusing
on one or two muscles to enhance stability. This would be similar to emphasizing 2 single guy
wire in the fishing rod example, Rarely would it help; rather it would be detrimental for achiey-
ing the balance in stiffness needed o ensure stability throughout the changing task demands.
In particular, clinical groups have emphasized the multfidus and transverse abdominis. The
Queensland group performed some of the onginal work emphasizing these two museles. This
was hased on their research noting motor disturbances in these muscles in some individuals fol-
lowing injury. In fact, they developed 2 tissue damage model suggesting that chronically poor
motor control (and motion patterns) initiates microtrauma in tissues that accumulates, leading
to sympromatic injury (Richardson et al,, 1999}, Further, according to the Queensland model,
injury leads to further deleterious change in motor paterns such that chronicity can be broken
only with specific techniques to reeducate the local musele-maotor control system. The inten-
tioms of the Queensland group were to address the documented motor deficits and attempt to
reduce the risk of aberrant motor patterns that could lead to the pathologyv-inducing patterns
in their damage model. In other words, their recommendations appear to be directed toward
reeducating the faulty motor patterns. However, many clinical groups have interpreted this
approach to mean that these two muscles should be the specific targets when one is teaching
stahility maintenance over all sorts of tasks. This is problematc.
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Hopefully the understanding obtained from the stability explanation provided earlier will
underscore the folly of this unidimensional emphasis. In fact, the multifidus or any other muscle
can be the most important stabilizer at an instance in tdme. Four exercises are presented as an
example (see figure 6.9) in which the contributors to stability are shown. The importance of
individual muscles will change and adjust with subtle changes in relative muscle activation, In
these examples the adjustments of all the laminae in each whole muscle are averaged in order
to evaluate the entire musele’ role. Obwiously, adjusuments in single laminae of some muscles
would resulr in yet a different distribution of contributions to stability. Evaluating a wide variery
of tasks and exercises is most revealing. The muscular and motor eontrol system must satisty
requirements to sustain postures, create movernents, brace against sudden motion or unexpected
forees, build pressure, and assist challenged breathing, all the while ensuring sufficient stabiliry.
Virtually all muscles play a role in ensuring stabality, but their importance at any point in time is
determined by the unigue combination of the demands just listed. Every study that has acrually
quantified stability of the spine has reached the same conclusion—all muscles are important,
implying that a clinical focus on one muscle and not the whole system is detrimental. In some
instances, the performance of one muscle enhances another (e.g., the rectus abdominis assists
the obligues for stabilization). Further, evidence has demonstrated that endurance in these
muscles is necessary to facilitate the continuous low-level stffening contractions required for
the maintenance of sufficient stability (e.g., Wagner et al., 2005).

* Do localfglobal or intrinsic/extrinsic stabilizers exist? From the classic definition and
quantification of stability, the answer would be no. Stability results from the stiffness at each
joint in a particular degree of freedom. The relative contribution from every muscle source
is dynamically changing depending on its need to contract for other purposes. The way the
various contributors to stiffness add up, however, is important. In some instances, removing a
muscle from the analysis has very little effect on joint stability. Once again, it depends on the
demands and constraints unique to the task at that instant. The poineis that all contributors are
important for some tasks and should be recognized as potentially important in any prevention
or rehahilitation program. Conversely, conceiving stabilizers as “intrinsic” or “extrinsic™ may
offer no benefit for clinical decision making.
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Figure 6.9  Measuring individual muscle influence on lumbar spine stability during performance of four different “stabiliza-
tion" exercises demonstrates that all muscles are important and that their relative importance changes with the task. Total
stability is also indicated by the determinant demonstrating how stability can change between tasks, (This is an example
from a single subject, Typically, group means indicate a different stahility ranking of exercises.)

Courbesy of M. Kavceo and 5 MoGill
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* What are stabilization exercises? Stability exercises and a stable core are often discussed
in exercise forums. Whar are stabilization exercises? The fact is that any exercise can be a stahi-
lization exercise depending on how it is performed. Sufficient joint stiffness is achieved through
the creation of specific motor patterns. To adapt a phrase popular in motar control circles,
“Practice does not make perfect; it makes permanent.” Ideally, good stabilization exercises that
are performed properly groove motor and motion patterns that ensure stability while satisfying
all other demands. Thus, an exercise, repeated in a way that grooves motor patterns and ensures
a stahle spine, constitutes a stabilization exercise (MeGill, 2000). However, some stabilization
exercises are better than others; again, it depends on the objectives. For example, the resuleant
load on the spine is rarely considered. One key to improving bad backs is to select stabilization
exercises that impose the lowest load on the damaged spine. Chapter 3 provides a ranking of such
exercises. {In the other hand, the best stabilization exercise for a high-performance athlete will
involve the grooving of a dynamic and complex motion pattern, all the while ensuring sufficient
spine stability. An important requirement for many athletes is to ensure a stable spine while
breathing hard, such as when playing high-intensity sports. This will be discussed in chaprer
i3,

* Can clinicians identify those who ave poor stabilizers? From a qualitative perspective,
the answer is yes as long as the clinician is cued into seeing and feeling compromised motion
and muscle activation patterns. From a quantitative perspective, we have used modeling analysis
to try to find ways to identify those who compromise their lambar stability from specific motor
control errors. We observed such inappropriate musele sequencing in men who were challenged
by holding a load in the hands while breathing 10% CO, to elevate breathing. On one hand, the
muscles must cocontract to ensure sufficient spine stability; but on the other, challenged breath-
ing is often characterized by a rhythmic contraction-relaxation of the abdominal wall iMeCall,
Sharratt, and Seguin, 1995). Thus, the motor system is presented with a conflict: Should the
torso muscles remain active isometrically to maintain spine stability, or will they rhythmically
relax and contract to assist with active expiration (but sacrifice spine stahility)? Fit motor sys-
tems appear to meet the simultaneous breathing and spine support challenge; unfit ones may
not. All of these deficient motor control mechanisms will heighten biomechanical su:-u:puhlhw
to injury or remjury (Cholewicks and McGill, 1996). We are currently using this paradigm in
a longitudinal study to see if those who bordered on instability during this challenge will be
the ones who develop low back troubles. Some other tests o detect functional instability are
described in chapter 11.

In summary, achieving stahility is not just a matter of activating a few targeted muscles, be
they the multifidus, transverse abdominis, or any other. Sufficient stability 1s 8 moving target
that continually changes as a function of the three-dimensional torques needed to support
postures. It involves achieving the stiffness needed to endure unexpected loads, preparing for
miwing quickly, and ensuring sufficient stiffness in any degree of freedom of the joint that may
be compromised from injury. Motor control fithess is essential for achieving the stability rarget
under all possible conditions for performance and injury avoidance.
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Injury Prevention

n part Dwe went back to school for an update on lumbar function. In part 1§
this foundation is used to justify the best injury prevention approaches.
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CHAPTER 7

LBD Risk Assessment

wo types of physical risk factors predispose people to developing low hack troubles: those

linked to the person (for example, muscle endurance or the lack of) and those linked to the
demands of performing a certain task (for example, applied loads). This chapter describes how
to assess the risk of back troubles that result from the sk demands.

Upon completion of this chapter, you will understand the variables that are important to
include for risk assessment and be familiar with different wools o assess the risk, These toals
include the NIOSH approach, the Snook psychophysical approach, the lumbar motion monitor
{LMAM) approach, and the Ergowatch approach.

Tissue overload causes damage and subsequent low hack troubles. Assessing the risk involves
comparing applied loads with some form of load-bearing tolerance value, Chapter 5 included
examples of applied loads, tissue loads, and injury scenarios. Although direct measurement of
tissue loads would be ideal, this remains impractical for large numbers of people performing
a wide variety of occupational tasks and activities of daily living. Researchers have developed
Varions mmielm g approaches to predict these loads, bur rhe:.; remain methodologically complex.
For this reason, surrogates for tssue load that are linked with posture, applied load, and motion
have been proposed. These were introduced in chaprer 3, “Epidemiological Studies on Low
Back Disorders (LBDs)." See “Brief Review of the Risk Factors for LED" for a list of known
risk factors that includes descriptions and critiques of several approaches to assessing them.

Four risk assessment approaches are presented more or less from least complex to most
complex. The simplest approaches use metrics that are the easiest and cheapest w employ
for injury risk assessment. However, these are compromised by a lack of acenracy and speei-
ficity and are not sensitive to individual worker or person technique. The more complex
approaches involve more sophisticated methods and are more expensive 1o conduct, but they
are more robust in their sensitivity to specific tasks and the individual ways in which people
elect to perform them.,

Brief Review of the Risk Factors for LBD

Here are the risk facrors that have been identified from epidemiological approaches:

*  Sratic work postures, specifically prolonged trunk flexion and a rwisted or larerally bent
trunk posture

*  Seated working postures

*  Frequent torso motion, higher spine rotational velocity, and spine rotational devia-
tions

*  Frequent lifting, pushing, and pulling
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*  Vibration exposure, particularly seated whole-body vibration
¢ Peak and cumulative low back shear force, compressive force, and extensor moment
* Incidence of slips and falls

These risk factors have been identified from tissue-based smudies:

= Repeated full lumbar flexion
*  Time of day (or rime after rising from bed)

*  Excessive magnitude and repetition of compressive loads, shear loads, and torsional
displacement and moments

* Insufficient loading so that tssue strength is compromised

*  Rapid ballistic loading (such as that resulting during landing from a fall)
And finally, these personal variables have been identified as risk factors:

*  Increased spine mobility (range of moton)
* Lower orso muscle endurance

*  Perturbed motor control patrerns

L AHE
*  Gender
*  Abdominal/torso girth

NIOSH Approach to Risk Assessment

For about the past 40 years both field surveillance and laboratory studies have focused on the
relationship between back injury and compressive forces experienced by the lumbar spine. For
example, in 1981 the National Institute for Occupational Safety and Health (NIOSH) published
guidelines for maximum compressive loading of the lumbar spine (both an action kmit of 3400
N [about 750 Ib] and a maximum permissible limit of 6300 N [about 1400 1b]) based on somie
earlier evidence. In 1994 Leamon questioned the use of compression when he quite carrectly
stated thar the supporting evidence for compression as a metric, or index of risk, was sparse.
However, since that time, several good data sets have shown that restricting the amount of low
back compression (both peak and cumulative) is one valid approach 1o reducing the risk of low
back injury (for example, data sets in the previously discussed studies by Norman et al. [1998]
and Marras exal. [1995]). In addition, NIOSH has also proposed lifting guidelines to limit the
amount of load lifted in the hands. These limits are described in the following sections.

The influence of NIOSH has been far-reaching; many groups have used these values in an
attempt to reduce the risk in workers. In fact, the NIOSH approach continues to be widely used
today primarily because of its ease of use,

1981 Guideline

The first ifting guide (NIOSH, 1981) was restricted to hifts in the sagittal plane and lifts char
involved only slow and smooth motions. Predictions of the load lifted in the hands were based
on some rudimentary distances to characterize the kinematics of the lift and load moment at the
low back. Tiwo limits were defined: the action limit (AL), which, if exceeded, mriggered action to
apply engineering and administrative controls, and the maximum permissible limit (MPL) for
the load lifted, above which the risk is too high and not permissible. Weights lighter than the
AL are considered safe. Experts with biomechanical, physiological, and psychophysical expertise
chose the magnitude of these limits and the variables needed to compure them. The general
form of the formula used o compute the AL for weight in the hands is as follows:

AL (kg) = 40 (HF)YXVEXDFXFF)
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where

HF = horizontal factor, or the horizontal distance (H) from a point bisecting the ankles w
the center of gravity of the load at the life origin. This was defined as (15/H).

VI = vertical factor, or the height (V) of the load at lift origin, This was defined as (0.004)/
{V-75)

DF = distance factor, or the vertical travel distance (1) of the load. This was defined as .7 + 7.5/D.

FF = frequency factor, or the lifting rate defined as 1 — F/Fmax.

F = average frequency of the lift, while Fimax is obtained from tabulated data.

The logic of the equation is 1o set a maximal load of 40 kg (88 Ib) and multiply this value
against variables that act as discount factors, Thus, the maximal lift is 40 kg (88 |b) under opti-
mial conditions and when all discount variables equal unity (1), Suboptimal lifing conditions
cause the discount multipliers to drop to smaller values, reducing the “safe” load. The MPL is
computed as three times the AL for a particular ser of lifting circumstances:

MPL = 3{AL)

1993 Guideline

The revised NIOSH equation (Waters et al., 1993) was introduced to address thase lifting tasks
that violated the sagittally ssmmetric lifting task restriction of the earlier equation. In addition,
the concepts of the AL and MPL were replaced with a recommended weight limit (RWL) for
a particular situation. If the actual load to be lifted exceeds the RWL, the risk of developing an
LBI? is elevated. While the RWL equation is similar to the 1981 equation, two addidonal factors
were incorporated. These include an asymmetric variable for nonsagirtal lifts and a factor for
whether or not the object has handles. Note that the specific variable weightings also changed
from the 1981 equation form.

RWL (kg) = 23(25/H)[1 - (0.003/V =751}
« [82 4 4.5/ DNFM)1 = (0.0032A)(CM)

where

H = horizontal Jocation forward of the midpomt berween the ankles at the ongin of the lift.
1f significant control is required at the destination, then H should be measured both at the
arigin and destination of the lift,

V = vertical location at the origin of the lift.

> = vertical travel distance herween the origin and destination of the lift.

FM = frequency multiplier is obtained from a mable supplied by N1OSH.

A = angle between the midpoint of the ankles and the midpoint between the hands at the
origin of the lift.

CM = coupling multiplier ranked as either good, fair, or poor. It is obhtained from a wable.

The 1993 equation predicts smaller loads that can be lifted safely, when compared to the
1981 equation, and is thus more conservative. Interestingly, NIOSIH offered no provision for
the difference in capacities of men and women; they are treated similarly largely for political
reasons. (1 discussed this issue of discrimination and the impact on protecting vulnerable workers
in chapter 1.} Further, the approach ignored any individual differences in body mechanics used
during lifting. In addition, some have suggested that the handle factors may not be consistent
with the subsequent forces endured by the body. For example, while NIOSH assumed that
having handles on the lifted objectis better, our work has shown that handles allow the lifter to
apply even more force, resulting in subsequently higher back loads (Honsa et al., 1998)! None-
theless, the equations form a rudimentary approach to risk assessment that is easy to conduct.
Marras and colleagues (1999) concluded thar the 1981 NIOSH guide identified low-risk jobs
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well (specificity of 91%) but did not predict the high-risk jobs well. The 1993 guide correctly
identified 73% of the high-risk jobs but did not identify the low- and medium-risk jobs well.
Owerall, both NIOSH guides predicted those jobs resulting in LBD with odds ratos between
3.1 and 4.6, Marras and colleagues (1999) noted that the most powerful individual variable was
average low back moment (load in hands and the horizontal distance between the anteriorly
placed load from the spine).

More recent work by the Marras lab (Ferpuson et al,, 2005) has added perspective to the
interpretation of the NIOSH approach. The researchers measured populations of workers with
low hack pain and age-matched controls and noted thae lifing from the floor is problematic
for many workers, in particular those with back pain. This has implications for return-to-work
programs for people with injured backs. Further, their data have strengthened the growing
impression that shear forces on the spine are probably more important than compression in
determining injury risk. In fact 74% of their high-risk tasks were categorized based on excessive
lumbar shear. Norman and colleagues { 1998) made similar observations.

Snook Psychophysical Approach

The psychophysical approach to setting load, or work limits, is based on people’ perceptions
as to whar they feel is a tolerable work rate. "The main eriticism of this approach is that most
people perceive physiologically related discomfort and not the internal loading on tissues that
actually causes damage. For example, Dul, Douwes, and Smitt (1994) made a case that muscle
discomfort, which is readily perceived, may not be correlated wich actual tissue loads. Workers
may not be cognizant of the tissue loads as they reach damaging levels (McGill, 1997). Further-
more, Karwowski and colleagues (Karwowski and Pongpatanasuegsa, 1989; Karwowski, 1991,

1992) noted in a series of studies that the general psychophysical approach is very de;wndf.m
om such factors as the instructions provided to the experimental subjects and the color of the
object being lifted, wo name a couple. For example, the Snook studies (1978) advised the work-
ers to determine a work rate and load to be moved based on the instruction not o become
unduly fatigued. The workers selected the loads they perceived not to be fatiguing. Yer when
Karwowski repeated the experiments but changed the instruction to lift Ioads so thar subjects
would not become injured, the acceptable loads changed (they chose smaller loads). Karwowski
and Pongpatanasuegsa (198Y), when evaluating the effect of the color of the hoxes being lifted,
noted that workers would lift more when the boxes were white, as they perceived the black
hoxes as heing more dense. Recent work by my colleague Mardy Frazer (unpublished) suggests
that females base their perception of task-limiting loads more on shoulder discomfort than on
spinal indicators. Males, on the other hand, base their percepuon on low back limitations, The
psvchophysical approach appears to depend on many factors that modulate perception.

The work of Snook (Snook, 1978; Snook and Ciriello, 1991} is probably the most widely rec-
ognized in the psychophysics area. The investigators experimentally controlled variables such as
object size, height of the lift, and movement distance in lifting and pushing and pulling tasks for
hoth men and women. They constructed tables compiling the acceptable loads for both men and
women over a variety of tasks. On one hand this approach inherently incorporates the dynamics
of the tasks, while on the other hand the concerns raised in the previous paragraph are worth
considering. Nonetheless, the Snook approach remains popular for its ease of implementation
and hecause it is one of the few assessment methods for pushing and palling tasks.

Lumbar Motion Monitor (LMM)

Several studies have documented the links between spine motion and the development of LED,
but none more thoronghly than those of Marras and colleagues (1993, 1995), They developed
several types of regression models that demonstrated that spine motion and, in particular, the
velocity of motion and the range of motion are important predicrors of those jobs with high
rates of disorders (in fact, some odds ratios exeeeded 107, The lumbar motion monitor is a three-
dimensional goniometer that measures the three-dimensional kinematics of the lumbar spine (see
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figure 7.1). Marras and colleagues showed that the
kinemaric variables obtained from workers wearing
the LMM, when combined with simple measure-
ments of lift frequency or motion duty cyele and
load moment (the load magnitude multiplied by the
distance to the low back), provide impressive risk
predictions. Using the LMM on people while they
are performing real on-site tasks and not labora-
wory mockops is relatively easy to do. In addition,
the LMM caprures the individual ways in which
people use and move their spines. See chapeer 5 for
a discussion of the mechanisms of injury that are
dependent on spine posture and motion.

Ergowatch

Biomechanical models have been used o estimate
lvads in the low back ossues and identfy high-risk
jobs for approximately three decades. Some models
were intended as a simple tool for health and safery
personnel to provide an approxsimate index of injury
risk on the plant floor. Other models were designed o be more robust in illustrating injury
mechanisms and being sensitive to worker variance. Decisions as to which model to use haoil
down to the purpose and necessary complexity of the model.

The better “simple” models need the “complex™ models to assess the many simplifving
assumptions that affect accuracy and validity of output, which in turn depend on the type of
application, Further, in many workplaces. the most blatant or overt ergonomic injury risks have
been addressed, and only the more subtle risks remain. Ergonomists need simple models but
also must be conversant with the more complex models that will assist in rectifving the more
subtle injury risks and assist m developing more effective intervention strategies.

Although simple biomechanically based models to obtain quick estimates of low back compres-
sion exist, risk assessment for most jobs requires more complex metrics and analysis approaches,
In an effort to opimize biofidelity and industrial uality, Bob Norman, Mardy Frazer, Rich Wells,
and I developed the software package Ergowatch. It utilizes the 3D moments computed at joints
while workers perform 3D postures or tasks together with the fourth dimension of time and
the effect of repetition on determining the sate load. (It is available by contacting D.Ganside®
owaterfoo.ca). The packape uses the detailed output of the virtual spine (desenibed in chapter 2) as
a foundation but makes assumptions to simplify data collection and to facilitate routine analysis,
In this way individual worker hehavior and spine mechanics are quantified bur simplified into
“average” muscular responses seen in workers performing similar tasks, This greatly simplifies
data collection and preserves the benefits of better anatomical representation and more valid
predictions of low back loads, Furthermore, by incorporating the injury dara obtained from
samplies of workers, Ergowatch quantifies the risk of back injury during fully three-dimensional
tasks and postures. The fourth dimension is time, in this case a variable needed o mke into
account the repetition of tasks over a work shift.

With use of the Ergowatch, the joint coordinate data are entered manually or the user
manipulates an on-screen mannequin into the work posture of interest. The software executes
the difficult task of derermining the three-dimensional joint moments by computing the Euler
angles and transforming them into moments about the orthopedic axes of each joint. In this
way, the package is capable of caleulating joint loads in any posture and for any combination of
litt, lower, push, or pull task. It also incorporates algorithms that capture the average muscuolar
response measured from workers to support three-dimensional spine moments of force together
with strength data for both men and women. As well, the model is sensitive to spine posture in
that ligament and passive tissue forces are invoked during fully flexed spinal postures, Thus, the
madel more accurately predicrs low hack shear forces supported by the spine (as compared o

Cotiibesy af fing _i:_l’md frienil Professor Bill Mlllu-.‘:.

Figure 7.1  Wearing the lumbar motion monitar to
record the three-dimensional kinematics of the lumbar
spine during performance of industrial tasks,
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reaction shear forces of other models), together with compression forces that result from the
load and the many torso muscles contracting to support a particular set of three-dimensional
moments (see figure 7.2, 4-F) (notng that shear more often is the variable closest to wlerance).
While the upper limit for shear has been suggested o be 1000 N (222 1b), the equivalent “action
limit” for repeated loading has been sevat 300 N (111 1b) (McGill e al., 1998, from tissue-hased
dara; and Norman et al., 1998, using industrial injury reporting data) Finally, the risk is also cal-
culated from accuwmulated loads during repetitive work via comparison of the load—time integrals
with epidemiologic data obtained from a large surveillance study conducted in an automotive
assembly plant (Norman et al., 1998). (See figure 7.3, a-d.)

The Ergowatch approach represents a compromise between simple models that are casy
to implement but are not very robust in their risk assessment and more complex approaches.
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Figure 7.2 Frpowatch computes lumbar compressive load from an algorithm representing the average response of the
many muscles, measured from real workers, that combine to support the infinite combinations of three low back moments:
flexion-extension, lateral bend, and axial twist. Because only three dimensions can be graphed at one time, fa/ shows the
surface of lumbar compression from combinations of flexion-extension and twist moments, while (b shows the surface of
compression from flexion-extension and lateral bend,

Euler Angles and Orthopedic Moments

Estimations of three-dimensional joint moments are typically performed using three orthogonal axes (XYZ). But
as a person moves, the arthopedic axes of the joints (for example, in the lumbar spine, axis 1—flexion-extension,
axis 2—lateral bend, axis 3—axial twist) also move so that they na longer align with the inertial XYZ axes. The
difference between the orthopedic joint axes and the XYZ axes is described with Euler angles. The orthopedic
moments are then obtained from the E-vector approach described by Grood and Suntay (1983). This involves
taking the cross-product of the long axis (the primary axis, usually twist) of two adjacent segments to form the
secondary axis (usually flexion-extension). The cross-product of the primary and secondary axes forms the E-
vector, which in turn becomes the third joint orthopedic axis (usually lateral bend). Moments computed about
axes XYZ can now be transformed into joint-specific orthopedic axes. This technique ensures that the joint axes
convention “stay with the joint” as the person moves within the inerlial coordinate system.
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Figure 7.3 Frgowatch computes the joint-specific, three-dimensional orthopedic moments at each joint and uses several
metrics to calculate risk. For example, the low back risk includes compression and shear load threshold values along with
accumulated loads during repetitive work by comparing the load-time integrals with epidemiologic data obtained from a
large surveillance study. Two examples are shown: (a, b) a reaching lift and /c, dJ an overhead assembly task.

Ergowartch is still relatively easy to use, and it provides some degree of sensitivity to the way
individual workers perform complex tsks. It uses many risk indexes to quantify the subsequent
risk from a specific task performed over a work shift,

Biological Signal-Driven Model Approaches

The final approach for risk assessment is to measure biological signals from each subject in an
attempt to capture the individual ways people perform their jobs and then use sophisticated ana-
tomical, biomechanical, and physiological relationships to assign forces to the various tissues.

The Marras Model and the McGill Model

The Marras model {(Marras and Sommerich, 1%91a, 1991h) measures electromyograms (EMGs)
from several muscles and, using known physiological relationships, assigms forces to the muscles
during virtually any industrial vask. As noted earlier, this approach revealed powerful evidence
linking the physical demands of specific occupational tasks with the incidence of LBD.

The McGill model (MeGill, 1992; MceCill and Norman, 1986 ) uses the same philosophical
approach to assipn forces to the muscles but attempts to include the highest level of anatomi-
cal accuracy possible, (This model was introduced in chapter 2.) For example, it also measures
three-dimensional spine curvature to assess forces to the various passive tissues, including the
intervertebral discs and the various ligaments, By assigning forces to muscles and passive tissues
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throughout the full range of spine motion, it captures the different ways people perform their
jobs and even how they change with re’pet:tmm of the same job. T he ohvious liability of the
approach is its enormous computational requirements, p:]El‘pl‘ULL&slﬂg of data, and diffic ulty of
collecting such comprehensive data from a wide number of workers in the feld.

Thequestion of the validity of this type of model must be addressed along with other models
based on the biological approach. Some have argued that since these models contain known
biomechanical and physiological relationships, they contain a certain amount of content validity.
Moreover, both the Marras model and the MeGill model have been quite successtul in estimating
the various passive tissue and muscle forces that sum together to produce flexion and extension,
lateral bend, and axial twisting moments. (These moments have been well predicted, with the
exception of the twisting moment,) In summary, if twisting is not a dominant moment of force
in a particular job, these models appear to he predictng accorate distributions of forces among
the support tissucs,

EMG-Assisted Optimization

Perhaps the current pinnacle of model evalution is a hybrid modeling approach known as EMG-
assisted optimization (developed by Cholewicki and MeGill, 1994) with stability analysis and
tissue load prediction (Cholewicki and MeGill, 1996), This approach exploits the asset of the
hiological EMG approach to distribute loads among the tssues based on the biological behavior
of the subject. It then uses optimizaton to fine-tune the satsfaction of joint torques about several
low back joints. The optimization takes the “hiologically” predicted forces and adjusts muscle
forees the minimal amount possible w satisfy the three-dimensional moment axes at every joint
over the length of the lumbar spine. Onee the three-dimensional moments have been assigned
and tissue forces determined, an analysis of spine stability is performed via comparison of the
joules of work imposed on the spine through perturbanon with the joules of porental energy
existing in the stiffened cohomn,

This most highly evolved of spine models provides the biomechanist or ergonomist with
insight into injury mechanisms cansed by instability (as witnessed by Cholewicki and MeGill,
1992} such as occurs during picking up a very light load from the floor, Even though patients
have reported back injury from incidents such as hending over to tie a shoe, previous modeling
approaches were sensitive only to tissue damage and injury scenarios produced from large loads
and moments, Now a biomechanical explanation is available to explain the subsequent tdssue
damage, and a method is available to detect the risk of its happening. Although the routine use of
this type of sophisticated model by ergonomists is not feasible, it is useful (for trained scientists)
for analyzing individual workers and identifving those who are at elevated risk of injury because
of faulty personal motor patterns,

Simple or Complex Models?

In summary, the complex models provide a tool to investigate the mechanisms of injury and the
effects of technique during material handling on the risk of injury. The most complex and most
highly evolved models provide insight as to how injury occurs with all types of heavy and light
loads. On the other hand, the simpler models, while sacrificing accuracy, can be a powerful tool
for routine surveillanee of physical demands in the workplace but must be wisely interpreted in
each case for their limitations and constraints. Biomechanics and ergonomics requive the fall
continuum of sophistication in models. The choice of which one to use depends on the issue
10 question.

The Challenge Before Us

In this chapter [ have summarized and critiqued several approaches for their assets and liabilities,
The choice of the most appropriate tool depends on the objective at hand. Yet many ergono-
mists and industrial engineers believe that minimal tissue loading is best for all jobs, motivat-
ing them to direct their interventions toward making all jobs easier. This concept is faulty.
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Biological tissues require repeated loading and stress to be healthy. Virtually all risk assessment
tonls consider anly the risk of too much load. Risk assessment tools that survey oo litde load-
ing for optimal health are just starting to emerge. The challenge is wo develop a wise rest break
strategy to facilitate optimal tissue adaptation. More robust assessment wols will be developed
in the future based on the most healthy combination of work and rest. This will be achieved
through first an understanding of the biomechanical, physiological, and psychological parameters
of injury and human performance and then thoughtful application of this wisdom.
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CHAPTER 8

Reducing the Risk
of Low Back Injury

Aﬁ I have suggested in previous chapters, many of the classic instructions from “experts”
about lifting (for example, bend the knees and not the back) are in most cases nonsense.
In facr, very few occupational lifting tasks can be performed this way. The resulting tragedy is
that clinicians or other experts lose credibility in the eyves of the worker; the worker knows she
cannot do her job that way, She lifts objects from the floor, out of parts bins, over tables, and
so forth, The science shows that squatting can have an increased physiological cost and that,
depending on the characteristics of the load, 1t may not even reduce loads. Squatting is not
always the best choice of position; it depends on the specifics of the task (size, weight, and
density of the object; pick and place location; number of repetitions, erc.). For example,
the golfer’s lift (see figure 8.6 later in this chapter) may be preferable for reducing spine loads
to bending the knees and keeping the back straight for someone repeatedly lifting light objects
from the floor.

Reducing pain and improving funetion for patients with low back pain involve two compo-
nents:

*  Removing the stressors that ereate or exacerbate damage
*  Enhancing activities that build healthy supportive tissues

This chaprer addresses the issue of prevention, specifically, reducing the overloading
stressors that cause occupational low back disorders (LEDs). After reviewing lessons from the
literature and presenting the scientific issues, [ will provide two sets of guidelines: one for work-
ers and another for management. Finally, T will offer a few notes to enhance the effectiveness of
consultants. The lists provided in this chapter will result in more suceessful injury prevention
programs. The practitioner or consultant who employs them will stand out from his or her
peers,

Upon completion of this chapter, you will he able to formulate scientifically based guidelines
effective for any activity that reduce the risk of occupational low back toubles. Further, you
will be aware of, and so will be able to avoid, the picfalls that cause ergonomic approaches o
fail. Finally, you will be a more effective consultant by harnessing the real expertise—that of
the worker.

Lessons From the Literature

Why does industry care about the backs of workers? Competitiveness in the new economy
requires heing profitable, and for many the only way w enhance profit is to maximize loss
cantrol. A major source of losseés to North American industry is worker injury, which results in
direct costs for compensaton and indirect costs of hiring and training replacement workers as
well as reduced productivity due to lower speed and increased errors. For this reason, preventing
injury and promoting the rapid return to work of injured workers have become a major focus
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for industry. Because back injury represents an enarmous cost in both real dollars and suffering,
companies are realizing the benehts of supporting injury prevention and rehabilitation programs.
Following are a number of studies that have addressed the issues that must be examined if such
programs are to be suceessful,

Compensation Board Statistics—An Artifact?

When completing injury report forms, clinicians are often requested to “name the event” that
caused the “injury.” Thisinformation forms the statistical base for compensation boards, which
compile these reports into “injury mechanisms™—for example, the injured worker “lifted and
twisted.” While these events may have been the “culminating event,” they were not the cause
of the cumulative trauma thar was present, allowing the injurious event w ocear. Addressing the
“culminating event” rather than the cause of the cumulative traoma miay have litle efficacy.

Ergonomic Studies

IF LBDs are associated with loading, then changes in loading should change injury and absen-
teeism rates. But surprisingly, the literature does not provide clear guidance for reaching this
objective; it needs interpretation. The traditional ergonomic approach is to establish a criterion
that, if applied in the job design, would lead o a reduction in incidence rate, In a review in
1996, Frank and colleagues suggested thar modified work with lower demands can be successful
in reducing the number of injuries but that other changes such as organizational parameters
made it difficule o conclude that physical demand changes accounted for any reporced differ-
ences. This is because very few studies have simply altered job demands. Furthermore, Winkel
and Westgaard (1996) noted that the implementation of ergonomics can lead to what they
called an ergonomic pitfall. That is, the new ergonomic consciousness causes many workers to
report concerns that they did not previously realize were a result of their job sitvadons. Thus,
many newly implemented ergonomic intervention programs have resulted in a temporary rise
in musculoskeleral disorders, This effect appears to have confounded any study of ergonomic
efficacy of insufficient duration. The number of good investigations documenting the effects of
inh chanbe, or the Emplemenmtion of ergonomic principles1 15 also low because such research
is very time-consuming and difficult o perform on-sire.

Monetheless, several nice studies -qu'l]!f) by documenting only the effect of ergonomic job
redesign. For example, in a report on a series - of studies on working women in Norway, Aaras
(1994 noted a collectively documented reduction in sick leave due to musculoskeletal troubles
from job redesign (specifically, from 3.3% 1o 3.1%) and a reduction in employee urnover from
30L1% 1o 7.6%.

Rehab and Prevention Studies

Lousel and eolleagues (1997) conducred a very interesting and important study in which they
used a randomized control trial design with four groups. One group of people with back injuries
received “clinical” intervention consisting of a visit tra back pain specialist, back school, and
funcrional rehahilitation therapy. Another group received an occupational intervention consist-
ing of & visit to an occupational physician and then an ergonomist to arrive at ergonomic solu-
rions. A third group, the “full intervention group,” received both of these approaches, and the
fourth group received “usual care.” The group receiving full intervention returned to regular
work 2,41 tmes faster than the wsual-care group, although the speafic effect of ocoupational
intervention {ergonomics) accounted for the largest proportion of this result with a rate ratio
of return to regular work of LY1.

Those paying for injury (government agencies and compensation boards and the insurance
industry) could reéasonably argue from this evidence that, o reduce costs, care for the injured
hack should be removed from medical hands {once the medics have ruled out “red flag” condi-
tioms such as tumors) and given o ergonomists! Tongue-in-cheek as this statement may be, its
point is worthy of deep consideration. Hopefully, the last section of this book will provide clues
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for more efficacious medical intervention. Krause, Dasinger, and Neuhauser (1998) reviewed
the literature on the role of modified work in the return to work and rared as high quality the
Loisel study, as well as the studies of Baldwin, Johnson, and Butler (1996). This latrer review
concluded that modified work (invalving the modificatdon of musculoskeletal loading) is effec-
rive in facilitating the return to work of disabled workers.

In addition to workplace design modificadons, workplace interventions may benefit from
addressing the personal movement strategies of each worker. In a fascinating study Snook and
colleagues (1998) demonstrated that of 83 patients randomly assigned 1o a group that con-
trolled the amount of early-morning lumbar flexion, the experimental group had a significant
reduction in pain intensity compared to a control group. When the control group received the
experimental treatment, they responded with similar reductions. This is yet another example
of how personal spine motion patterns and loading posture can influence whether the person
will become injured. The next section blends notions of job design with personal movement
strategies o reduce loading and the risk of LBDD.

Studies on the Connection Between Fitness
and Injury Disability

It is fruitful to discuss briefly the role of fitness in the link between injury and disability. Although
several studies have shown links between various fitness factors and the incidence of LBD (e.g.
Suni et al., 1998, who showed thar higher "I.’U;ma_x scores were linked o LBIDs), these cross-
sectional studies cannot mfer causation.

Probably the most widely cited longitudinal study was reported by Cady and colleagues (1979),
whi assessed the fimess of Los Angeles firefighters and noted that those who were rated *more
fit” had fewer subsequent back injuries. However, what is not widely quoted by those citing this
study is thar when the more fir did become injured, the injury was more severe. Perhaps the more
fit were willing to experience higher physical loads. Several have suggested that a psychological
profile is associated with being fit (e.g, Farmer et al,, 1988; Hughes, 1984 Ross and Hayes,
1984; Young, 1979) and that the unfit may complain more about the more minor aches, Along
those lines, some athletes have demonstrated the ability o compete despite injury. Burnett and
colleagues (1996) reported cricket bowlers with pars fractures who were sall able to compete. Is
this due to their supreme fitness and ability to achieve spine stability or their mental toughness?
Perhaps it is both, The issue remains unresolved.

It is also interesting to note that personal fitness factors appear to play some role in first-ome
occurrence. Biering-Sorensen (1984) tested 449 men and 479 women for a variety of physical
characteristics and showed that those with larger amounts of spine mobility and lower extensar
muscle endurance (independent factors) had an increased occurrence of subsequent first-ome
back troubles. Luoto and colleagues (1995) reached similar conclusions. It would appear that
muscle endurance, and not anthropometric variables, is protective,

Beyond Ergonomics: Is It Time to “Modify” the Worker?

Ergonomics is often described as “firting the task to the person.” There are many efficacy stud-
ies now showing that ergonomic job change is effective to various degrees, but not as effective
as might be thought. For example, 2 study of mechanized lifting aids in a patient care facility
showed that the ergonomic aids reduced physical demands and decreased staff fatigue, yer
injury rares remained unchanged (Yassi er al., 2001), While training of the worker has been
shown to be necessary with virmally any physical ergonomic intervention (e.g., van der Molen
et al., 2003}, the way the worker moves also appears to be highly important. Reducing injury
with ergonomic approaches appears to have some efficacy, but any further advances will prob-
ably require “changing the person to fit the task.” Gagnon (2003) observed “expert” lifters and
concluded that their lifting strategies and personal body movements led wo their health success.
Our work for the past several years has converged on the notion that the way the exertion is
performed determines the risk, Our quantification of martial arts tasks, weightlifting, strongman
competitions, and so on proves that technique determines the risk in very challenging physical
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tasks, The next section of this chapter incorporates these notions within the
context of reducing the risk of back injury.

LBD Prevention for Workers

This section addresses a list of issues that are scientifically justifiable to reduce
the risk of nccupational LEDs.

Should Workers Avoid End Range
of Spine Motion During Exertion?

Grenerally, the answer to whether end range of motion should be avoided is
ves—ior several reasons. Maintaining a more neutrally lordotic spine will
maximize shear support, ensure a high olerance of the joint to withstand
compressive forces, eliminate the risk of ligamentous damage since the
ligaments remain unstrained, eliminate the risk of disc herniation since this
is associated with a fully flexed spine, and gqualitatively emulate the spine
postures that Olympic lifters adopt o avoid injury (see figure 8.1, a-b. for
an illustration of a flexed and a neutral spine). Unformunately, this issue has
become confused with issues such as whether it is better to stoop or squat.
Another source of confusion has evolved from the commaon recommenda-
tion to perform a pelvic tilt when lifting; the scientific base for this clinically
popular notion is nonexastent! Performing a pelvic ult increases tissue stresses
and the risk of injury!

What spine and hip posture best minimizes the risk of injury? We do
know that very few hifting tasks in industry can be accomphished by bending
the knees and not the back. Furthermore, most workers rarely adhere to this
technique when repetitive lifts are required—a fact that is quite probably
due to the increased physiological cost of squatting compared with stooping
{Garg and Herrin, 1979), However, a case can be made for preserving neutral
lumbar spine curvature during lifting (specifically, avoiding end range limits
of spine motion about any of the three axes). This is a different concept from
trunk angle, as the posture of the lumbar spine can be mamtained independent
of thigh and trunk angles,

The literature is confused between trunk angle or inclinaton and the
amount of Hexion in the lumbar spine. Bending over is sccomplished by
either hip flexion or spine flexion or both. It is the issue of specific lumbar
spine flexion that is of importance here. Normal lordosis can be considered
ter be the curvature of the lumbar spine associated with the upright standing
posture, (To be precise, the lumbar spine is slightly extended from elastic
equilibrium during standing; see Scannell and McGill, 2003.) In figure 8.2,
a warechouse worker is successfully sparing his spine by avoiding end range of
Figure 8.1 {a) Flexing the spine motion even though he is not hending the knees; he has accomplished
tarsa involves either hip flex-  torso flexion by rotating about the hips. In figure 8.3, a firefighter is dem-
ion or spine flexion, or (as in onstrating a spine-sparing technique (figure 8.3} versus a spine-damaging
lhilf' casel both. (b1 A neutral  echnique (figure 8.3a) for lifting extinguishers. Chapter 10 offers further
spine with hip flexion. occupation-specific examples (e.g., the construction workers demonstrating

spine-sparing postures in figure 10.3).
In chapter 5, 1 explained the load distribution among the tissues of the low back, OFf inter-
est here are the dramartic effects on shear loading as a function of spine curvature, Recall the
following facts:

* A spine that is not fully flexed ensures that the pars lumborum fibers of the longissimus
thoracis and iliocostalis lumborum are able to provide a supporting posterior shear force
on the superior vertebra, while full flexion causes the interspinous ligament complex
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to strain, imposing an anterior shear force on the
superior vertehra. For these reasons, avoiding full
Aexion not only ensures a lower shear load but also
eliminates ligament damage,

* A fully flexed spine is significantly compromised in
its ability to withstand compressive load.

*  Because herniation of the nucleus through the
annulus is caused by repeated or prolonged full
flexion, avoidance of the posture minimizes the risk
of herniation {(a cumulative trauma problem) and
minimizes the stresses on any developing annular
bulges.

Olympic lifters provide a convineing example of the
efficacy of avoiding lumbar flexion in lifting. They lock
their spines in a neutral posture and emphasize rotation
about the hips (see figure 8.4), lifting enormous weights
without injury. The ambulance attendants in figure 8.5 are
also sparing their backs by locking the lumbar regions to
Figure 8.2  This warehouse worker is not bend- avoid flexion.
ing the knees, yet he is sparing the spine by Thus, the important issue is not whether it is better to
electing to bend and rotate about the hips; the  stoop lift or to squat lift; rather, the emphasis should be
lumbar spine is not flexed. to place the load close to the body to reduce the reaction

moment (and the subsequent extenser forces and resultant
compressive joint loading) and to avoid a fully
flexed spine. Sometimes it may be better to squat
to achieve this; in cases in which the object is wo
large to fit between the knees, however, it may be
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Figure 8.3  (a} This firefighter, who is flexing his lumbar Figure 8.4 Woorld-class performances in Olympic

region, is loading the passive tissues and increasing his weightlifting are characterized by a lumbar spine
risk of back troubles. (b} Avoiding full lumbar flexion locked in nevtral, where the motion takes place
and rotating about the hips spare the spine. about the hips and knees. Spine motion would either

lead to injury, or an uncompetitive lift.
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better to stoop, flexing at the hips but abways
avoiding full lumbar flexion to minimize pos-
terior ligamentous involvement. (For a more
comprehensive discossion, see MeCall and
Kippers, 1994; MeGill and Norman, 1987;
Potwvin, Norman, and McGill, 1991.)

Yer another spine-sparing lifting posture is
the golfer’s lift, which reduces spine loads for
repeated lifting of light objects (see figure 8.0,
a-) (Kinney, Callaghan, and McGill, 1996).
The hips act as a fulerumn in which one leg is
cantilevered behind with isometric muscle
contraction, forming a counterweight to
rotate the upper body back to upright.

-~ MEDIX

- ARGENCE MEIRDAL BERMGES, i
!

. —  What Are the Ways
Figure B.5 These ambulance attendants are attempting
v spare their backs by avoiding lumbar flexion and lifting  t0 Reduce
together to share the load. They have also been taught to the Reaction Moment?
lightly contract the stabilizing abdominal musculature,

' A popular instruction is w0 hold the load close
to the torso when handling material. This is hiomechanically wise; a reduced lever arm of the
load requires lower internal tissue loads necessary to support the reaction moment. But phras-
ing the principle in terms of holding the load close restricts the notion to lifting tasks. The real
hiomechanical principle is to reduce the reaction moment. When phrased this way, the principle
15 now applicable to any task involving the exertion of external foree.

One technique is to expand the concept used by archers—termed the “archer’s bow” by some
of my Australian colleagues (figure 8.7), Here, one arm pushes to support the reaction moment
needed to support the upper body while the other arm lifts the load.

Directing the Pushing Force Vector Through the Spine

When one is pushing a cart handle, direeting the pushing force vector through the lumbar spine
reduces the reaction moment and therefore the tissue loads and spine load (see figure 8.8). In

Figure 8.6 The golfer’s lift has been documented to minimize low back motion and reduce the loads on the lumbar tissues
by using the leg, which is cantilevered behind, as a counterweight; the hips act as a fulcrum to raise the torso to upright. This
is an effective technique for repeated lifting of light objects from floor level. (2} Most still adhere to the general instruction
to bend the knees and keep the back straight, not (b considering the spine-conserving benefits of the galfer's lift.
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Figure 8.7 (a) The archer’s bow (b} is translated to a lifting situation minimizing back loading.
Opposing hand forces are shown with arrows.

contrast, a pushing force directed through the shoulder would not be directed through the low
back (see Agure 8.9, a-b); this forms a transmissible vector, The large perpendicular distance from
this force to the spine causes a high reaction torque that is balanced by muscular force; this imposes
a corresponding compressive penalty on the spine. Redirecting the transmissible vector through the
low back reduces this moment arm (and the moment), the muscle forees, and the spine compres-
sive load. Other examples from everyday activities include the technigue used to open a door;
directing the pulling force through the low back is sparing (see figure 8.10, #-c). Another example
is vacuaming, which is often reported by our patients to exacerbate their symproms. Holding
the handle to the side creates a large moment arm for the pushing and pulling forces; this heav-
ily loads the back (see figure ¥.114). Directing the push and pull forces through the low back
minimizes the moment arm (see figure 8.116) and removes the loads that ensare that patients
remain patients! These examples demonstrare how this
powerful but rarely practiced technique of skilled control
of the transmissible vector spares the back.

Diverting the Force
Around the Lumbar Spine

Still other very effective ways exist to reduce the reaction
moment. The nest examples demonstrate how workers
skillfully spare the low back by diverting force around
the lumbar region when lifting, The workers lifting the
shafrin a paper factory in figure .12 are minimizing the
reaction moment by lifting the shaft with their thigh (by
plantar flexing the foot). In this way, the weight of the
shaft is directed down the thigh to the floor, bypassing
the upper body linkage and spine. Prior to redesigning
the job, the workers had to lift the shaft with arm forces,
Figure 8.8  Pushing through the hands but direct- causing low back problems and motivating our involve-
ing the force vector to pass through the low back  ment. Figure 8.13, @ through ¢ illustrates how a worker
minimizes the low back moment (and minimizes  can perform the same maneaver to lift a patent. Ohserve
the muscular loads). that the lifter is pulling the patient’ pelvis onto his thigh
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Figure 8.9 (a} Pushing or pulling forces that pass by the spine with a large moment arm ensure a
high moment and corresponding high muscle forces and spine loads. k) Pushing forces directed
through the low back minimize the moment and spine load.

Figure 8,10 (a) Opening a door by directing hand forces through the low back spares the spine. Many people are not
taught how to optimize this principle during the pedormance of daily tasks. (6} Instead, they sacrifice their spine by open-
ing the door so that the force is lateral 1o the lumbar spine creating a twisting torque or {c) produce a pulling force that
passes over the low back.

and standing along with the patient. (Note that patient lifts cannot be performed with universal
technique since all patients are different and can offer variable assistance.) Minimal forces are
transmitted down the spine. Shoveling snow by resting the forearm on the thigh involves the
same spine-sparing principle (see figure 8.14, #-b),
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Figure 8.11 {3 Vacuuming is often reported as prob-
lematic for bad backs, The transmissible vectar in this
example has a large moment arm with respect to the back
and requires large twisting torque forces (causing pain).
{3} The transmissible vector is directed through the low
back, minimizing the load and the pain and enabling
VACULMHNE.

Figure 8,12 This task requires a worker to lift a heavy
shaft while another worker slides on a core from the end.
A high incidence of back troubles motivated our consult-
ing recommendation to install a bar for the foot, which is
plantar flexed to raise the shaft now supported on the thigh.
The forces now transmit directly down the leg, completely
bypassing the arm and spine linkage.

a u

Figure 8.13  jaJ Lifting the patient can be performed with minimal loading down the spine provided the height of the seat
is close to the height of the lifter's thigh when in a squat position. (5 The patient's pelvis is pulled and slid onto the lifter’s
thigh, and (e} then the lifter stands up, hugging the patient’s pelvis and minimizing the forces up the arms and down the
spine. This spine-sparing technique is reserved for patients who are able to stand.

141
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Figure 8.14 (a) Shoveling snow with a large moment arm for the load on the shovel loads the
back. (b} Resting the arm on the thigh directs the forces 1o the ground, bypassing the arm and
spine linkage.

A Note on Pushing and Pulling

Owr studies comparing the expert techniques of frefighters versus graduate students were
noted in chapter 5. Specifically, for tasks such as hose pulling, the firefighters braced the body
and pulled the hose with the foree vector traveling through the low back to minimize lumbar
loading (see figure 8.15). Some of our recent work documenting the techniques employed hy
hospital workers when they transfer patients highlighted once again this important technique
(MeGill and Kaveie, 2005), On occasion friction-reducing devices are placed underneath the
patients that need to be transferred, Pushing and pulling by the provider are then applied w the
patient. Even with the friction-reducing devices,
the principle of directing the hand forces through
the lumbar spine is a very important component
in minimizing spine forces.

Reducing the Load

Finally, workers use skill to reduce the actual load
and hand forces when lifting large objects, Some
tasks can be performed by lifting only hall of the
oibject at a time. For example, when loading long
logs onto the back of a truck, a worker could life
just one end (effectively handling only half of the
full weight of the log) and place it on the bed.
The worker could then walk around to the other
end of the log and lift while sliding the log onto
the bed (see figure 8.16). Each lift is half of the
total load. A sequence of unloading a refrigerator
demonstrates the same technigue; the full weight
of the ohject is never lifted (see figure 8.17, a-f)!
Figure 8.15  Directing the pulling forces through the low  The worker lifting the mini-refrigerator (shown
back helps to minimize spine forces, Spine posture (neutral) in figure 8.18, #-F) tlts it up onto an edge, rais-
and whole-body posture (to reduce the reaction moment)  ing its center of gravity together with the initial
are also important variables for injury avoidance. lifing height. Lifting from this higher starting
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Figure 8,16 This girl loads the log into the truck by lifting only hall its weight at a time. First she
lifts one end onto the truck, Then she lifts the other end and slides the log onto the bed,

Figure 817 This worker unioads the refrigerator from the trailer without having to 1ift its full weight. fal He “walks" the
refrigerator on its corners to the edge of the trailer, where he balances it over the lip of the bed, (5] Next, he slides the
refrigerator down the trailer’s tailgate. {c) He walks the refrigerator clear of the trailer and feaves it standing upright while
he retrieves the dolly. (d, e) He pushes ane edge of the refrigeratar up just enough to slide the dofly under it (f) Finally,
he and a coworker wheel the appliance away.

position reduces the necessary moment. The concept of minimizing the reaction moment is
much more robust than simply telling people to hold the load elose to the body.

Should One Avoid Exertion Immediately
After Prolonged Flexion?

Recall that prolonged flexion causes both ligamentous creep and a redistribution of the nucleus
within the annulus (see chapter 5). In this way the spine tissues have a loading memaory. Further,
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Figure 8.18  (a) This man lifts
the mini-refrigerator by tilting
it up onto an edge, raising
its center of gravity together
with the initial lifting height,
ibi Lifting from this higher
starting position reduces the
necessary moment so the
man can reach the standing
position without damage 1o
his back.

evidence from Jackson and colleagues (2001) suggests that prolonged flexion
madifies the extensor neurological response and causes muscle spasming,
at least until the ligamentous creep has been restored. In this case it was 7
hours! Spine stability would be compromised during this period, and the risk
of annulus damage remains temporarily high, If possible, after prolonged
stooping or sitting activities, people should spend time standing upright
before attempting more strenuous exertions. For example, it would be very
unwise for the gardener in figure 8.19 to stand and lift a bag of peat moss or
tor the shipper/receiver in figure 8.20) to rise and immediately begin load-
ing pallets. How long should one wait before performing an exertion? Data
from Twomey and Taylor (1982) derived from cadaveric spines suggest that
age delays recovery of the spinal tssues. McGill and Brown (1992) noted
that residual laxity remained in the passive tissues even after a half hour of
standing following prolonged flexion—although the flexion was extreme in
an occupational context. Ar least 30% of the joint stiffness returned afrer 2
minutes of standing following the session of prolonged flexion.

As noted in chapter 3, because the mechanics of the joints are modulated
by previous loading history, one should never move immediately to a lifting
task from a stooped posture or after prolonged siciing. Rather, one should
first stand, or even consciously extend the sping, for a short period. Obviously,
people in certain occupations such as emergency ambulance personnel cannot
follow this guideline. They arnive at an aceident scene without the loxury of
time to warm up their backs and may have to perform nasty lifts—such as a
150 kg heart attack victim out of a bathrub! For these individuals, the only
strategy is to avoid a fully Aexed spine posture while driving so that the spine
remains best prepared w withstand the imposed loads. This may be done with
accentuated lumbar pads in the ambulance seats and with worker training,

Should Intra-Abdominal Pressure (IAP)
Be Increased During Lifting?

Generally the answer is no: At least ITAP should not be incressed consciously
Recall the discussion concluding that IAP does not reduce spine loading
but does act to saffen it against buckling. By successtully completing the
rehabilitation traiming advocated in the final section of this book, people can
train their hreﬂ[hmg and TAP to be independent of exertion. In this way
any specific instructions regarding breathing and exertion become moort
points. In most cases [AP will rise natarally, and no further conseious effort
is required,

A final cavear is required here. Very strenuous lifts, if they must be per-
formed, will require the buildup of TAP to increase torso stiffness and ensure
stability (Cholewicki, Juluru, and MeGill, 1999). On the other hand, we know
that a substantially increased intrathoracic pressure (as occurs with lifting)
will compromise venous return (Mantysaari, Antila, and Peltonen, 1984).
Further, breath holding during exertion raises both systolic and disstolic hlood
pressure (Haslam et al.. 1988), which can be a concern for some, Blackour

is not uncommaon in strenuous lifting even though it 1s not clear which mechanism is respon-
sible (MacDougall er al., 1985). Reitan (1941) proposed that blackout may be due to elevated
central nervous system fluid pressure (IAP also raises central nervous system fluid pressure in
the spine and up to the head), whereas Hamilton, Woodbury, and Harper (1944) proposed that
an inerease in cerebrospinal fuid pressure might actually serve a protective functon (i.e., the
consequent decrease in transmural pressure across the cerebral vessels could actually decrease
the risk of vascular damage). Ar this point, given these issues and a lack of full understanding,
moderate IAP may be warranted with the understanding of the negative side effects. Extreme
lifting efforts involving conscious increases in IAP should not be performed ar work,
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Figure 8.19 This gardener would
be unwise to stand and immediately
lift a heavy object after spending a
long. period of time in a stooped
posture. Rather, standing for a briei
period and even extending will
prepare the disc and posterior pas-
sive tissues to reduce the risk of
injury,

Figure 8.20 This shipper/receiver's
waork is characterized by perinds
of sitting followed immediately by
lifting when a truck pulls up 1o the
loading dock, Again, standing and
waiting for a few minutes prior 1o
the exertions will reduce the risk
of injury.

Copyrighted Material

Are Twisting and Twisting Lifts
Particularly Dangerous?

While several researchers have identified twisting of the trunk as a
factor in the incidence of occupational low back pain (Frymoyer et
al., 1983; Troup et al.,, 1981), the mechanisims of risk require some
explanation. The kinematic act of twisting has been confused in the
literature with the kinetic variable of generating twisting torque.
Twisting torque in the torso can be accomplished whether the spine
is twisted or not,

Cienerally, rwisting to moderate degrees without high twisting
torque is not dangerons, Some have hypothesized based on an inertia
argument that twisting quickly will impose dangerous axial torques
upon braking the axial rotation of the trunk ar the end range of motion.
Farfan and colleagues (1970) proposed that owisting of the dise is the
only way to damage the collagenous fibers in the annulus leading 1o
failure. They reported that distortions of the neural arch permitted
such injurious rotatdons. Shirazi-Adl and colleagues (1986) conducted
more detailed analvses of the annulus under twist. They supported
Farfan’s contention thar twisting indeed can damage the annulus at
end range but also noted that twisting is not the sole mechanism of
annulus failure. In contrast, some research has suggested that twisting
in vivo is not dangerous to the disc as the facet in compression forms
a mechanical stop to rotation well before the elastic limit of the disc is
reacheds thus, the Facet is the first structure to sustain torsional filare
(Adams and Hutton, 1981), In a study of ligament involvement during
twisting, Ueno and Liu (1987) concluded that the ligaments were under
only negligible strain during a full physiological owist. However, an
analysis of the L4-L3 joint by McGill and Hoodless (1990) suggested
that posterior ligaments may become involved if the joint s fully fllexed
prior to twisting.

Generating twisting torque is a different issue (see figure 8.21, a-
). Since no muscle has a primary vector direction designed to create
twisting torque, all muscles are activated in a state of great cocontrac-
tion. This results in a dramatic increase in compressive load on the
spine when compared to an equivalent torque about another axis, For
example, data from a combination of our previous studies indicare
that supporting 50 N in the extension axis imposes about 800 N of
spinal compression. The same 50 Nm in the lateral bend axis results
in about 1400 N of lumbar compression, bur 50 Nm in the axial twist
axis would impose over 3000 N (McGill, 1997). Tv appears that the
joint pays dearly to support even small axial torques when extending
tluring the lifting of a load.

To conclude, the generation of axial twisting torque when the
spine is untwisted does not appear 1o he of particular concern. Nor
is the act of twisting over a moderate range without accompanying
twisting torque. But generating high torque while the spine is twisted
appears to create a problematic combination and a high risk. This is
of particular concern in several sports and will be addressed in that
context in chapter 13,

Is Lifting Smoothly and Not Jerking the Load Always Best?

The answer o this question is no. We have all heard that a load should be lifted smoothly and not
jerked. This recommendarion was most likely made on the hasis that accelerating a load upward
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Figure 8,21 (a) Twisting the tarso is occurring at the same time that twisting torgue is required,
which is a dangeraus combination. (b} Generating the twisting torgue but restricting the torso wist
is a spine-sparing strategy land can also enhance perfarmance).

increases its effective mass by virtue of an addidonal inertial force acting downward together
with the gravitational vector. However, this may not always be the case. It is possible to lift a load
by transferring momentum from an already moving segment. Autier and colleagues (1996) showed
that when compared to novice lifters, expert materials handlers somerimes choose techniques that
make more efficient use of momentum transfer. They do not always lift slowly and smoothly.

Troup and Chapman (196Y) referred to the concept of momentum transter during lifting, as
has Girieve (1975), who coined the term Knetic lift. Lacer, MeGill and Norman (1985 ) docu-
mented that smaller low back moments were possible in certain cases using a skillful transfer of
momentum, For example, if a load is awkwardly placed, perhaps on a work table 75 cm (30 )
from the worker, a slow, smooth it would necessitate the generation of a large lumbar extensor
torque for a lengthy duration of time—a situation that is most strenuous on the back. However,
the worker could lift this load with a very low lumbar extensor moment or quite possibly no
motment at all. If the worker leaned forward and placed his hands on the load, with bent elbows,
the elbow extensors and shoulder musculature could thrust upward, initiating upward motion
of the rrunk ro create both linear and angular momentum in the upper bady (note thar the load
has not yet moved). As the worker straightens his arms, coupling takes place berween the load
and the farge trunk mass (as the hands then start to apply upward force on the load), transferring
some, or all, of the hody momentum to the load and causing it to be lifred with a jerk.

This mechanical solution was proven to be effective in a very early experiment in my research
career. The person shown in figure 8.22, 4 and b, is demonstrating a task in which the load can
he lifted slowly, which would load the low back unduly, or with the kinetic lift technique, which,
if correctly performed, will spare the back. (Olwiously the markers on the model’s body were to
assist the measurement of body segment movement.) This highly skilled “inertial” rechnique
is ohserved quite frequently thronghout industry and in some athletic events such as competi-
tive weightlifting, but it must be stressed that such lifts are conducted by highly practiced and
skilled individuals. Tn most cases, acceleration of loads to decrease low back stress in the manner
described is not suitable for the average individual conducting the lifting chores of daily living.
The momentum-transfer technique is a skilled movement that requires practice; it 15 feasible
only for awkwardly placed lighter loads and cannot be justified for heavy lifts.

Figure 8.23 shows another example of skillful utilization of this principle by a worker per-
forming the “saddle tss” Lift.

Another mechanical varable should be integrated into the analysis of a dynamic technique.
The tissue property of viscoelasticity enables tissues to sustain higher loads when loaded quickly
(Burstein and Frankel, [9%68). Troup (1977) suggested that viscoelasticity may be used to increase
the margin of safety for spine injury during a higher strain rate but cautioned that incorporating
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Figure 8.22  Lifting an awkwardly placed load slowly and smoothly, as common wisdom suggests,
compromises the back: Rather, accelerating the torse first and then transferring the momentum to
the load as the arms straighten can reduce the spine load. Accelerating the torso and the load a1
the same time is poor technique that violates this principle and causes higher spine loading. These
photographs are from an early experiment in the author’s research carder.

Figure 8,23  This liit is termed the “saddle toss” by some; the load is swung with knee contact,
minimizing muscular force in the back,

this principle into lifting vechnique should depend on the rate of increase in spinal stress, the
mugni.tudu of peak stress, and its duration. Tissue viscoelasticity means that under faster load-
ing the tssues do not have time w deform, even when the magnitude of the foree is high. In
this way the critical levels of tissue deformation required to cause damage are not reached. But
given variability in response to load rate among the tissues, and among individuals, no specific
guidance pertaining to actual load rate can be offered here.

The instruction o always lift a load smoothly may not invariably result in the least risk of
injury. Indeed, it is possible to slallfully transfer momentom to an awkwardly placed object to
position the load close to the body quickly and minimize the extensor torque required to support
the load. In addition, tssue viscoelasticity can be protective during higher load rates. Clearly,
reducing the extensor moment required to support the hand load is paramount in reducing the risk
of injury; the best way to accomplish this is to keep the load as close to the body as possible,
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Is There Any Way to Make Seated Work Less Demanding

on the Back?

Prolonged sitting is problematic for the back, Unfortunately, this fact seems to be rather unknown
in the necupational world. Those recovering from back injuries who return to modified work
are often given “light duties™ that involve prolonged sitting. While such duties are perceived as
heing easy on the back, they can be far from that. Even though the returning worker stares that
she cannot tolerate sitting, that in fact she would be more comfortable walking and even lifting,
she is accused of malingering. This is the result of a misunderstanding of sitting mechanics.

Sitting Studies

Epidemiological evidence presented by Videman, Nurminen, and Troup (1990) documented the
increased risk of disc herniation in those who perform sedentary jobs characterized by sitting.
Enown mechanical changes associated with the seated posture include the following:

*  Increase inintradiscal pressure when compared to standing postures (Nachemson, 1966)

*  Increases in posterior annulus strain (Pope exal., 1977

*  Creepin posterior passive tissues (McGill and Brown, 1992), which decreases anterior-
posterior stiffness and increases shearing movement (Schultz et al., 197%9)

*  Posterior migration of the mechanical fuleram (Wilder er al., 1988), which reduces the
mechanical advantage of the extensor musculature (resulting in inereased compressive

loading)

These changes caused by pmlung{*d sitting have motivated occupational biomechanists
attemping to reduce the risk of injury to consider the duration of sitting as a risk factor when
designing seated work. A recently proposed guideline suggested a sitting limit of 30 minutes
without a break, although this proposal will be tested and evaluared in the future,

Figure 8.24  The “ideal sitting posture”
190 angles at the hips, knees, and
elbows) described in most ergonomic
guides. This is erroneous; the ideal sit-
ling posture is one that involves variable
postUres.

Strategies to Reduce Back Troubles

During Prolonged Sitting

We have developed a three-point approach for reducing back
troubles associated with prolonged sitting:

1. Use an ergonomic chair, but use it properly (very few actu-
ally do). Many people think that they should adjust their
chair to create the ideal sitting posture. Typically, they
adjust the chair so that the hips and knees are bent to 90°
and the torso is upright (see figure 8.24), In fact, thisis often
shown as the ideal posture in many ergonomic texts, This
may he the ideal sitting posture, but for no longer than 10
minutes! Tissue loads muse be migrated from tissue to
tissue to minimize the risk of any single tissue’s accumu-
lating microtrauma. This is accomplished by changing
posture. Thus, an ergonomic chair is one thar facilitares
easy posture changes over a variety of joint angles (see
figure 8.23). Callaghan and MeGill (2001a) documented
the range of spine postures that people typically adope o
avoid fatigue. Some have three or four preferred angles.
The primary recommendation is to continually change the
setangs on the chair. Many workers continue to believe that
there is a single best posture for sitting and are reluctant
to try others, This is, of course, unfortunate, as the ideal
sitting posture is a variable one. Many employees need to
be educated as to how to change their chairs and the variety
of postures that are possible.
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Figure 8.25 Good posture for prolonged sitting is a variable one that migrates the internal loads among
the various tissues. Possible shart-term sitting posture options are shown.

2. Ger our of the chair. There simply is no substitute for getting out of the chair. Some
guidelines sugpest performing exercise breaks while seated, and some even goas far asto
suggest flexing the torso in a stretch, This is hoth nonsense and disastrous! A rest break
must consist of the opposite activity 1o reduce the imposed stressors. Extension relieves
posterior annulus stress, but more flexion while seated increases it The recommended
break that we have developed involves standing from the chair and maintaining a relaxed
standing posture for 10 to 20 seconds. At this stage, some may choose to perform neck
rolls and arm windmalls to relieve neck and shoulder discomfort from their desk work.
The main objective is to buy some time wallow redistribution of the nucleus and reduce
annular stresses. 'The person then raises the arms aver the head (see figure 8.26, 4~} and
then pushes the hands upward to the ceiling. By inhaling deeply, one will find that the
low back is fully extended. In this way, the person has taken the back through gentle and
progressive lumbar extension without having been taught lumbar position awareness or
even understanding the concept. Some will argue that in their jobs they cannot stand and
take a break; they must continue their seated work, These people generally will need to
he shown the opportunities for standing. For example, they could choose to stand when
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Figure 8.26 A stratepy to thwart the accumulation of disc stresses from prolonged sitting is to fa) stand (note the forward
antalgic posture often observed after sitting), (b} reach for the ceiling, stretch pushing the hands upward, and (c) then
inhale deeply. This sequence when performed slowly causes a gentle and progressive extension of the lumbar region and

dispels the stresses of sitting.

the phone rings and speak standing. With these simple examples, they will snon see the
upportunities to practice this part of good spine health.

3. Perform an exercise routing at some time in the workday, Midday would be ideal, but
first thing in the morning is unwise (see the previous guideline). A good general back
routine is presented in the last section of this book.

A couple of athleric examples may provide insighr as well. Athletes who sit on the bench
between plays (Aigure B.2740) are often ill prepared for immediately resuming play (Green eral,,
2002). 1o help combat this problem, they should sit in taller chairs with angulated seat pans
to reduce lumbar flexion (figure 8.27#), and stand and sometimes pace approximarely every
20 minutes. In addidon we queston the many exercises performed in a seated posidon, which
appears to be for convenience rather than related to any scientific rationale.

Some Short-Answer Questions

The following questions and their answers provide further guidance to reduce the risk of oceu-
pational LB,

* I it advisable to maintain a reasonable level of fitness? As much as we would all like
to believe that higher levels of fitness are protective for low hack troubles, it is argued by some
that the literature is not strongly supportive. This is for several reasons. Many clinical trials in
which the intervention was designed to enhance fitness actually chose exercises that inadver-
tently increased the risk of spine damage. For example, many assumed that enhancing abdominal
strength was a good idea and addressed this goal by presenbing sit-up exercises. Sit-ups will
damage the backs of most people; they will not increase back health. Perhaps this has acted as
an artifact biasing the literature. Interestingly enough, the most recent studies that have used
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Figure B.27  (a) Sitting on the benchowith a flexed lumbar spine is problematic becavse it creates or exacerbates a posterior
disc bulge (or both), and it causes loss of the benefits obtained from warming up the back. (b Sitting in tafler chairs with
angled seat pans will belp extend the hips and lumbar spine.

biomechamieal evidence to develop exercises—particularly stabilizaton exereises—have shown
them to be efficacious. In fact, a review of preventive interventions by Linton and van Tulder
(2001) suggests that well-chosen exercise is the most powerful straregy tor preventing occu-
pational back troubles. A srable spine maintained with healthy and wise motor patterns, along
with higher muscle endurance, is protective.

» Should one lift or perform extreme torso bending shortly after vising from bed? The
answer is no. Recall the biomechanics of daily changes in the spine as discussed in chapter 5: The
discs are hydrophilic and imbibe Auid overnight, This is why people are taller in the morning
than when they retire at night. This is also why it is much more difficult to bend in the morn-
ing to put one’s socks on compared to taking them off at night; the bending stresses are much
higher together with the risk of dise damage. This diurnal variation in spine length and the
ability to flex forward have been well documented. As previously noted, Snook and colleagues
(199%) found the strategy of restricting forward spine flexion in the morning to be very effective
in reducing symptoms in a group of back-troubled panents,

* Should workers adopt a lifting strategy to recruit the lumibodorsal fascia or involve the
bydranlic amplifier meechanism? As noted on page Y5 in chaprer 5, these mechanisms have been
shown to be untenable proposals for sparing the back. While some still attempt to train workers
to invoke these strategies, they have little scientific support; in many cases such strategies will
be detrimental,

»  Should the trank musculaturve be cocontracted to stabilize the spine? As noted in chaprer
6, the answer is generally yes. On page 97 in chaprer 5, we noted that although such coactivation
imposes some penalty on the spine, it is best for the spine to pay this price to enhance stiffness
and resistance to buckling and to reduce the risk of other unstable behavior, How much cocon-
traction is necessary? As noted in chapter 6, in most tasks, sufficient stability is ensured with
very modest amounts of cocontraction—somewhere in the magnitude of 5% to 10% of maximal
voluntary contraction for the abdominal wall and other antagonists. Achieving added stffness in
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the spine through cocontraction will help prevent injuries that can otherwise result even during
the lifting of a very light object, sneezing, or tying one’s shoe. Of course, where there is the
potential for surprise loading or handling nonrigid marerial or heavier loads, the coactivation
magnitudes must increase. Damaged joint tissues also require higher levels of cocontraction wo
avoid unstable joint behavior. The necessary levels of coactivation would depend specifically on
the task and the history of the individual. Thus, lighty eocontracting the stabilizing muscula-
ture upon exertion is a reasonable guideling; this should become automatic following skability
training for those who do not naturally stiffen.

LBD Prevention for Employers

Mot all prevention strategies can be implemented solely by workers. Employers, o, play a
role, which is outlined here.

* Provide protective clothing to facilitate the least stressful postures. Workers somerimes
handle material that is too noxious or too hazardous o hold dlose o their bodies. For example,
I have been involved in cases in which workers held dirty material away from the body to kLep
their shirts clean, unnecessarily loading their backs. The solution was to provide protective
coveralls to spare workers’ hacks. Leather aprons are helpful if the material is sharp to foster
holding the load against the abdomen, as for sheer meral workers, for example, Knee pads are
good for profonged work on the ground. Once the employer has provided the necessary protective
clothing, workers will figure out the variety of working postures that can spare their backs,

* Showld abdvminal belty be prescribed to manoal materi-
als bandlers? Chaprer 9 contains a thorough discussion of this
[opic,

* Optimize containers and packaging of vaw wmatevial to
spare workers” backs. Often in the design of the industrial process,
sparingr the joints of the workers is not considered. When consid-
ering the industrial process, see if handled materials can be bulk
containerized. Can raw material be handled in smaller bundles or
in bundles of different dimensions? Somenmes the matter 15 as
simple as contacting the suppliers to And alternate wavs of packag-
ing material that foster handling in a way that conserves the body
joints. The purchasing departnent plays a role in reducing injury!
Bins and containers with folding sides help if parts must be picked
out of the hin.

s Encourage workers to practice lifting and work or task
kinemtatic patterss. Some individuals simply do not move, bend,
and work in ways that spare their spines. In a recent study (MeGill e
al., 2003), we noted that workers whe had a previous history of back
trouhles were more likely to adopt motion parterns thar resulted
in higher spine loads? Kinematic patterns need to be practiced and
grooved into movement repertoires. (Remember the expression
quoted earlier: “Practce does not make perfect; it makes perma-
nent.”) Some people must practice the spine-conserving motions
every day—especially before artempting a particularly strenuous
task. Even high-performance athletes must continually regroove
mation patterns daily. Some worker groups have attempred to fab-
ricate their own joh-specific training and practice equipment. An
example of this type of worker professionalism is shown in figure
Figure 8.28 Nurses at a patient care  8.28, which shows a dummy sitting in a wheelchair. Nurses built
facility fabricated this dummy to prac-  the dummy from plumbing pipes and use it to practice one- and
tice their patient lifts—an example of  two-person patent lifts. This is part of the worker professionalism
worker professionalism, ethic noted in the following section,
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» Optimize worker vest breaks. A properly designed rest break consists of the opposite
activity (and consequently the opposite loading) from that required by the job. For example,
the sedentary secretary will be best served by a dynamie rest break. The welder, on the other
hand, will be better served with rest and perhaps a stretch, The following example illustrates
a violation of this principle thar caused grief. Back in the 1960s, operators in a power plant
monitored the process from a chair and had w respond to a vigilance buzzer on their desk that
went off every 10 minutes (see figure 8.29, a-b). At each buzzer interval they would stand and
walk around the control panel making adjustments. There was no history of back troubles. The
room recently became obsolete and was replaced with an updated control room. The design
team for the new control room believed that rising from the chair every 10 minutes was too
strenuous, Consequently, the job was redesigned so that the operators were able to stay seated 1w
perform all operations. These operators worked 12-hour shifts. Having the workers sit for this
period of tme (and removing the need o get out of the chair regularly) resuleed in an increase
in low hack problems, The power plant then hired a consulting group who recommended rest
breaks that consisted of having the workers sit on an exercise bike. The workers' backs failed to
improve because the consultants failed to understand thar the rest break must not exacerbate

or replicate the forces of the job, In this case, sitting on a bike was not a break from sitting on
the job.

* Involve workers in the ergonomic process. Design teams often neglect to consulr with
the expert on a particular job—the worker whe has done it for years. Quite often the worker
knows of a good solution, and it is simply a matter of listening and facilivating the interven-
tion. An added benefit, psychologists claim, is that workers are more likely to comply with the
intervention if they perceive themselves to be a major part of the soluton,

* Design work to be variable. As several previous examples have documented, accumula-
tion of tissue stress is thwarted by a change in posture, loading, or activity. Human beings were
not made to perform repetitive work that emphasizes only a few tissues. Nor were humans
designed not to be stressed. Research has established that ussues adapt and remodel in response
o load (e.g., bone: Carter, 1985; ligament: Woo, Gomez, and Akeson, 1983; disc: Porter, 1992;
vertebrae: Brinckmann, Biggemann, and Hilweg, 1989). Too little activity can be as problemartic
as too much. Krismer and colleagues” study (2001) strongly reinforces the idea so frequently

Figure 8.29 (a) The first control room was built in the 1960s and required the operator to stand every 10 minutes to
respond to the vigilance buzzer and make an adjustment to the analog instrumentation. There were no reported back
troubles, (&) This room was replaced with a new layout based on the designers’ assumption that standing every 10 minutes
was too strenuous; the operators were able to sit for hours. A huge low back problem emerged.
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stated in this text that the object of good work design is not w make every job easier; in fact,
some jobs should be made more demanding for optimal health. In the Krismer study, students
whao reported low back pain were disanguished from those who did not by several risk factors.
Two of those Factors were
- watching TV or playing computer games more than 2 hours per day (sedentary)
and

- regularly going beyond personal limits in sport activities (too much loading).

Good oceupational health from a musculoskeletal perspective is achieved when people perform
a variety of tasks with well-designed rest activities, along with all of the traditional components
such as proper nutrition, sleep, avoidance of smoking, and so on. Design work to be variable!

As illustraved in the previous examples and guidelines, management plays 3 role in reducing
hack troubles in workers, Itis a mistake to think that management does not need o undersrand
the science to justify specific injury prevention approaches. As we saw previously, injury preven-
tion involves a thorough understanding of the industrial process, the way in which goods and
materials are purchased, provision of protective equipment, appropriate training, consideration
of the costs and benefits of intervention, and so forth: Training of both workers and manage-
ment ensures the best results.

Injury Prevention Primer

Toy use biomechanics to ity full potential in injury prevention, workers and employers must
have a reasonable understanding of the concepts as we understand them roday. Workers must
be educared in the hiomechanically justifiable principles described earlier using examples with
which they are familiar. Armed with the general principles, they can tackle any job and devise the
best joint-conserving strategies. The intention is to enhance the industrial process and enable
workers to retire in good health. The highlights of this chapter are summarized here:

» First and foremost, design work and tasks that facilitate variety. Perhaps the single
most important guideline should be this: Don't do too much of any one thing, Both too much
and too little loading are detrimental.

- Too much of any single acovity leads to trouble. Relief of cumulative tissue straing
is accomplished with posture changes or, better yvet, other tasks that have different
musculoskeletal demands.

- While the tasks of many jobs cannot be changed, the working routines and arrange-
ment of tasks within a job can be designed scientifically o incorporate this principle.
Sometimes it is a5 easy as continually changing the sitting posture.

* During all loading tasks, avoid o fully flexed or bent spine and rotate the trunk nsing
the hips (preserving o neutral curve in the spine). Doing this has the following benefits:

- Disc herniation cannot occur,

- Ligaments cannot be damaged, as they are slack.

- Theanterior shearing effect from ligament involvement is minimized, and the posterior
supporting shear of the musculature is maximized.

- Compressive testing of lumbar motion units has shown increases in tolerance with
partial flexion but decreased ability to withstand compressive load at full flexion,

* During lifting, choose a posture to weinintize the reaction tovgue on the low back (either
stoop or squat ov somewhere in between), but keep the external load close to the body.

- A neutral spine is still maintained, but sometimes the load can be hrought closer to
the spine with bent knees (squat lift) or relatively straight knees (stoop hift). The key
is to teduce the torque that has been shown to be a dominant risk factor.

- When exerting force with the hands or shoulders, try to direct the line of the force
through the low back, This will reduce the reaction torque and the spine load from
muscle contraction.
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» Consider the transmissible vector. Attempt to direct external forces through the low
hack, minimizing the moment arm, which causes high rorques and erushing muscle forces. This
principle should be applied as people use pulling forces when opening a door, vacuuming, and
performing other household chores.

* Use technigues that minimize the actwal weight of the load being handled. The log-
lifting example given in this chapter demonstrates how one can life an entire log into the back
of a truck by lifting no more than half of its weight at any point.

» Allow time for the disc nuclens to “equilibrate,” ligaments to regain stiffness, and the
stress on the aunulus to equalize after prolonged flexion (e.g., sitting or stooping), and do not
irmmredintely perform stremuows exertions,

After prolonged sitting or stooping, spend nime standing.

This principle can be adapred to many special jobs, but some workers do not have the
huxury of being able to take the time o allow the disc nucleus w equilibrate. For example,
ambulance drivers are often called on o lift heavy loads immediately after significant
peniods of doving. A strategy for them is to use a lumbar support in their seat while
driving to the incident so that their spines are not flexed. Thus it can be prepared for
the load with minimal disc equilibration (part of the process of warm-up).

» Avoid lifting or spine bemding shortly after vising from bed.

Forward-bhending stresses on the disc and ligaments are higher after rising from hed
compared with later in the day (at least 1 or 2 hours after rising), causing discs w0
become injured at lower levels of load and degree of bending.

This principle is problematic for some occupations such as firefighting in which workers
are often aroused from sleep to attend a fire. Such workers should not sit in a slouched
posture with the spine flexed when traveling to the scene but rather siv upright. In this
way the spine will be hest prepared for strenuous work without a warm-up.

* Prestress and stabilize the spine even durving light tusks.

Lightly cocontract the stabilizing musculature to remove the slack from the system
and stiffen the spine even during light tasks such as picking up a pencil. The exercises
shown in chapter 12 were chosen to groove these motor patterns,

Mild coconrraction and the correspanding increase in stability inerease the margin of
safety of marerial failure of the column under axial load.

* Aveid twisting and the simultaneons generation of bigh twisting tovgues,

"Twisting reduces the intrinsic strength of the disc annulus by disabling some of its
supparting fibers while increasing the stress in the remaining fibers under load.
Since there is no muscle designed to produce only axial torque, the collective ability
of the muscles to resist axial torque is limired, and they may not be able to protect the
spine in certain postures. The additional compressive burden on the spine is substantial
for even a low amount of axial torque production.

Generating twisting torque with the spine untwisted may not be as problematic, nor
is twisting lightly without substantial torque.

» Ulsemmomentun when exerting force to veduce the spine load (vather than abways lifting
slowly and smoothly, which is an ill-founded recommendation for many skilled workers).

This is a skill that sometimes need to be developed.
"This strategy is dangerous for heavy loads and should not be used for lifing them.

It is possihle that a transfer of momentum from the upper rmunk to the load can start
moving an awkwardly placed load withour undue low back involvement.

* Avaid prolonged sitting.

Prolonged sitting is associated with dise herniation.

When required to sit for long periods, adjust posture often, stand up at least every 50
minutes, extend the spine, and, if possible, walk for a few minutes.
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- Organize work to break up bouts of prolonged sitting into shorter periods that are
better tolerated by the spine,

» Consider the best rest break strategies. Customize this principle for different job clas-
sifications and demands.

- Workers engaged in sedentary work would be best served by frequent, dynamie breaks
to reduce tissue stress accumulation,

- Workers engaged in dynamic work may he better served with longer and more restful
breaks.

* Provide protective clothing to foster joint-conserving postures, Provide coveralls for dirty
material handling, heavy aprons for sharp merals, knee pads for those whe work at groand level,
and so on.

 Practice joint-conserving kinematic moverment patterns, Some workers need w constantly
regroove motion patterns such as locking the lumbar spine when lifting and rotating about the
hips.

* Maintain a reasonable level of fitness,

* These guidelines may be combined for special sitwations. For example, some people have
difficulty rolling over in bed when their backs are painful. Nearly all can be taught to manage
their pain and still accomplish this task by combining a momentum transfer with the minimal
twisting guidelines (see figure 8.30), 2-4).

Figure 8.30 Rolling over in bed can be taught to those who maintain that it is too painful an
activity. The figure illustrates rolling from the left side to the right. (2] While lying on one side, the
patient braces the lorso socthat the spine does not twist in the steps that follow. (H) Then the upper
arm and leg are raised together with the lower arm and leg prving off the floor, () This is performed
quickly enough to generate momentum that will carry the patient through the roll. (d) The patient
should now be resting comfortably on the other side,
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A Note for Consultants

Acting as a4 consultant, 1 have made many mistakes, some of which motivated the following
tps.

* Don't fall into the trap of thinking that you are the expert and that vou know what is best
fur the workers (unless you have done the job for years yourself). A]v.-zw\ comsult the worker,
Successful job incumbents have developed personal strategies for working that assist them in
avoiding fatigue and injury. Their insights are the result of thousands of hours of performing
the task, and they can be very perceptive. Try to accommaodate them

* Do not take the instructions for a specific worker verbatim from the preceding Injury
Prevention Primer. Instead, explain the relevant biomechanical principle in language and ter-
minology that are familiar to the worker.

* Do not focus only on the most demanding tasks, Given the links among different tasks
from a tissue load perspective, you can often obrain better solutions by ennsidering the full
complement of exposures. In a similar vein, some consultants tend o focus on a single metric
of risk (low back compression, for example) or rely on only a few simple solutions. The average
ergonomist probably does not have the specific training necessary to achieve the best solutions
for low back problems: Perhaps I am biased since in recent years I am asked to consult only
when consultans” poorly conceived ergonomic approaches have failed. Tam requested o become
involved when the company faces lawsuits or other issues that have raised the stakes. Remember
that many solutions are neither simple nor unidimensional, regardless of your training. Use the
Injury Prevention Primer as a checklist to evaluate whether potential exists for better and more
comprehensive solutions.

* Do not focus exclusively on the musculoskeleral issne. Rather, look for the opportunirties
that lie in enhancing the industrial process. Any management board will recognize the worth
of a consultant who makes the process more efficient, produces a higher-quality product, or
reduces injury compensation costs.

* Movement is taught more effectively when it is considered a complex movement skill.
Simply having an “expert” (i.e., vourself) demonstrate more effective work rechnigques will usually
fail. Coaching the movement and motor patterns in an interactive session leads o performance
enhancement and greater safety (see MeGill, 2006, for a full overview of this process),

* Finally, never make a recomymendation that is not feasible 1o implement, whether for
mianeta 1'}’ Qr :m}-‘ nth{:r eSS,

Reducing the Risk in Athletes

Athletes and teams from a variety of sporting activities—irom world-class professionals
to amateurs—have sought my advice as a low back injury consultant, In many cases their
bad backs were ending their careers. But as we have seen in preceding chapters, success
in dealing with bad backs requires efforts to address both the cause of the troubles and
the most appropriate rehabilitative therapy. In many cases, addressing the cause meant
that athletes had to change their technique. Without exception, they had to change the
way they trained. Their backs were breaking down for a reason! As loads applied to the
body reach world-class levels, technigue must be impeccable. Techniques for athletes are
well covered in my other textbook, Liltimate Back Fitness and Performance (2006).
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CHAPTER 9

The Question
of Back Belts

his chapter will focus on occupational belt use (see figure 9.1, a-, for the typical types of belts

used and tested). Readers interested in athletic use of belts are referred to Uitimate Back Fitness
and Perfarsance (MeGill, 2006). After reading this chapter, you will be able to make decisions
on who should wear a belt and o justify the guidelines for their prescription and use.

Issues of the Back Belt Question

The average patient must be confused when ohserving hoth Olympic athletes and back-injured
people wearing abdominal belts. Several vears ago | conducted a review of the effects of belt
wearing (MeGill, 1993) and summarized my findings as follows:

*  Those who have never had a previous back injury appear to have no additional protective
henefit from wearing a belt.

* It would appear thar those who were injured while wearing a belr risk 2 more severe
injury than if belts were not worn.

*  Belts appear to give people the perception they can lift more and may in fact enable them
g lift more.

*  Belts appear to increase intra=abdominal pressure and blood pressure.

= Belts appear to change the lifting styles of some people to either decrease the loads on
the spine or increase the loads on the spine.

a

Figure 9.1 Several types of belts are worn and have been tested; (a) the leather bhelt, (b} the inflatable cell belt, and
fc) the stretch beldt with suspenders are a few examples,
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In summary, given the assets and labilities of belt wearing, T do not recommend them for
healthy individuals either in routine work or in exercise participation. However, the temporary
prescripion of belts may help some individual workers return to work.

Manufacrurers of abdominal beles and hunbar supports continue tosell them to industry in
the absence of a regulatory requirement to conduct controlled clinical trials similar to those
required of drogs and other medical devices. Many claims have been made as to how abdominal
belts could reduce injury. For example, some have suggested that beles perform the following
funcrions;

*  Remind people to lift properly
*  Support shear loading on the spine that results from the effect of gravity acting on the
handheld load and mass of the upper body when the trunk is flexed

*  Reduce compressive loading of the lombar spine through the hydraulic action of increased
intra-abdominal pressure associated with belt wearing

*  Act as a splint, reducing the range of motion and thereby decreasing the risk of injury
*  Provide warmth to the lumbar region

*  Enhance proprioception via pressure to increase the perception of stability

*  Reduce muscular fatigue

These ideas, among others, will be addressed in this chapter. The following section addresses
the science regarding the occupational use of belts and concludes with evidence-based guidelines.

The 1994 National Institute for Occapational Safety and Health (NTOSH) report, *Work-
place Use of Back Belts,” contained critical reviews of a substantial number of scientific reports
evaluating hack belts. The report concluded that back belts do not prevent injuries among
uninjured workers nor are they protective for those who have not been injured. While this is
generally consistent with our position stated in 1993, my personal position on belt prescription
is somewhat more moderate,

Scientific Studies

In the following sections [ have subdivided the scientific studies into clinical trials and those
that examined biomechanical, psychophysical, and physiological changes from belt wearing,
Finally, based on the evidence, | recommend guidelines for the prescription and use of belts in

industry.

Clinical Trials

Many clinical trials reported in the literature were fraught with methodological problems and
suffered from the absence of 2 marched control group, no postmial follow-up, limited oial
duration, and insufficient sample size. As a result, T will review only a few clinical erials in this
chapter, while acknowledging the extreme difficulty in executing such trials.

* Walsh and Schwartz (1990) divided 81 male warehouse workers into three groups:
- A control group (v = 27)
- A group that received a half-hour training session on lifting mechanics (# = 27)

- A group that received a [-hour training session and wore low back orthoses while at
work for the subsequent six months (n = 27)

Instead of using more common types of abdominal belts, this research group used orthoses
with hard plates that were heat molded to the low back region of each individual. Given the
concern that belt wearing was hypothesized to cause the abdominal muscles to weaken, the
researchers measured the abdominal flexion strength of the workers both before and after the
clinical trial. The control group and the training-only group showed no changes in abdominal
flexor strength or any change in lost time from work, The third group, which received training
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and wore the belts, showed no changes in abdominal llexor strength or accident rate but did
show a decrease in lost time, However, the increased henefit appeared only w acerue t those
workers who had a previous low back injury. Van Poppel and colleagues (1998) reached a similar
conclusion in a study of 312 airline baggage handlers.

* Reddell and colleagues (1992) studied 642 baggage handlers who worked for a major
airline, They divided the baggage handlers into four treatment groups:

- A control group (v = 248)

- A group that received only a belt (n = 37)

- A group that received only a I-hour back education session (r = 122)

- A group that received both a belt and a 1-hour education session (# = 57)

The trial lasted eight months, and the belt used was a fabric weightlifting bele 15 em (6 in.)
wide posteriorly and approximately 10 em (4 in.) wide anteriorly, The researchers noted no
significant differences among treatment groups for total lumbar injury incident rare, lost work-
days, or workers' compensation rates. Although the lack of compliance by a significant number
of subjects in the experimental group was cause for consideration, those who began wearing
belts but discontinued their use had a higher lost-day case injury incident rate. In fact, 38% of
workers belonging to the belt-wearing groups discontinued wearing belts before the end of the
eight-month trial. Further, an increase in the number and severity of lumbar injuries occurred
following the trial in those who previously wore beles.

o Mitchell amd colleagues (1994) conducted a retrospective study administered to 1316
workers who performed lifting activities in the military, While this study relied on self-reported
physical exposure and injury data over six years prior to the study, the authors did note thar the
costs of back injuries that occurred while workers were wearing a belt were substantially higher
than the costs of injuries sustained while not wearing a belt.

* Kraus and colleagues (1996), in a widely reported study, surveved the low hack injury
rates of nearly 36,000 ¢mployees of the Home Depot stores in California from 1989 ta 1994,
During this study period the company implemented a mandatory back belt use policy. Injury
rates were recorded. Even though the authors claim thar belt weaning reduced the incidence
of low back injury, analysis of the data and methodology suggests that a much more cautious
interpretation may be warranted. The data show that while belt wearing reduced the risk in
younger males and those older than 35 years, belr urearing appeared to increase the risk of low
back injury for men working |ung1_r than four years by 27% (although the large confidence
interval required an even larger increase for statistical 41gn1l’¢amej and in men working less
than one year. However, of greatest concern is the lack of scientific control ro ferret out the true
belt-wearing effect: There was no comparable non-belt-wearing group, which is critical given
that the belt-wearing policy was not the sole intervention at Home Depot. For example, over
the period of the study, the company increased the use of pallets and forklifts, insralled mars
for cashiers, implemented postaceident drug resting, and enhanced worker training. In fact, a
conscious attempr was made to enhance safety in the corporate culture. This was a large study,
and the authors deserve credit for the massive data reduction and logistics, However, despite the
title and claims that back belts reduce low back injury, this uncontrolled study cannot answer
the guestion about the effectiveness of bels,

o Wassell amd colleagues (2000), in response to the huge promotion of the Kraus and col-
leagues (1996) paper by some interest groups and the study’s methodological concerns, replicated
Kraus and colleagues’ work under the sponsorship of NIOSH. These researchers, however, used
better scientific control in order to evaluate only the effect of the belts. Surveying over 13,873
employees at newly opened stores of a major retailer, in which 89 stores required emplovees o
wear helts and 71 stores had only voluntary use, they discovered thar the belts failed ro reduce
the incidence of back injury claims. This study has more power than the Krans study.

In summary, difficulties in executing a clinical trial are acknowledged. The Hawthorne effect
is a concern, as it is difficult to present a true double-blind paradigm to workers since those

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
The Question of Back Belts 161

who receive belts certainly know so, In addition, logistical constraints on duration, diversity in
occupations, and sample size are problematic. However, the data reported in the better-executed
clinical mials cannot support the notion of universal preseription of belts to all workers involved
in manual handling of materials to reduce the risk of low back injury. Weak evidence suggests
that those already injured may benefit from belts (or molded orthoses) with a reduced risk of
injury recurrence. However, evidence does not appear to support uninjured workers” wearing
belts to reduce the risk of injury; in fact, the risk of injury seems to increase during the period
following a trial of belr wearing. Finally, some evidence suggests that the cost of a back injury
may be higher in workers who wear belts than in workers who do not.

Biomechanical Studies

Researchers who have studied the hiomechanical issues of belt wearing have focused on spinal
torces, intra-abdominal pressure (IAP), load, and range of moton, The most informative stadies
are reviewed in this section,

IAP and Low Back Compressive Load

Biomechanical studies have examined changes in low back kinematics and posture in addition
to issues of specific tssue loading. Two studies in particular (Harman ec al., 1989, and Lander,
Hundley, and Simonton, 1992) suggested that wearing an abdominal belt can increase the
margin of safety during repetitive lifting. Both of these papers reported ground reaction force
and measured IAP while subjects repeatedly lifted barbells. Both reports observed an increase
in IAP in subjects who wore abdominal belts. These researchers assumed that TAP is a good
indicator of spinal forees, which is highly contentious. Nonetheless, they assumed the higher
recordings of IAP indicated an increase in low back support that in their view justified rhe use
of belts, Neither study measured or caleulated spinal loads.

Several studies have questioned the hypothesized link between elevated TAP and reduction
in low back load. For example, using an analytical model and data eollected from three sub-
jects lifting various magnirudes of loads, MeGill and Norman (1987) noted that a buildup of
TAP required additional activation of the musculature in the abdominal wall, resulting in a net
increase in low back compressive load and not a ner reduction of load, as researchers had pre-
viously thought. In addidon, Nachemson and colleagues (1986) published some experimental
results that directly measured intradiscal pressure during the performance of Valsalva maneavers,
documenting that an increase in LAP increased, not decreased, the low back compressive load.
Therefore, the conelusion that an increase in IAP due to belt wearing reduces compressive load
on the spine seems erroneous. In fact, such an increase may have no effect or may even increase
the load on the spine.

IAP and Low Back Muscles

Several studies have put to rest the belief that IAP affects low back extensor activity. MeGill
and colleagues (1990) examined TAP and myoelectrie activity in the trunk musculature while
six male subjects performed various types of lifts either wearing or not wearing an ahdominal
belt (a stretch belt with lumbar suppore stays, Velero rabs for cinching, and suspenders for when
subjects were not lifting). Wearing the belt increased IAP by approximately 20%. Further, the
authors hypothesized thar if belts were able o help support some of the low back extensor
moment, one would expect to measure a reduction in extensor muscle activity. There was no
change in activation levels of the low back extensors or in any of the abdominal muscles (rectus
abdominis or obliques).

In a study that examined the effect of belts on muscle function, Reyna and colleagues (1995)
examined 22 subjects for isometric low back extensor strength and found belts provided no
enhancement of function (although this study was only a four-day tial and did not examine the
effects over a longer duration).

Ciriello and Snook (1995) examined 13 men over a four-week period lifting 29 metric
tonnes in 4 hours twice a week both with and without a belt. Median frequencies of the low
back electromyographic signal (which is sensitive to local muscle fatigue) were not modified by
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the presence or absence of a back belt, strengthening the notion that belts do not significantly
alleviate the loading of back extensor muscles. Once again, this trial was not conducred over a
very long period of ome.

Belts and Range of Motion Restriction

In 1986 Lantz and Schultz observed the kinematic range of hunbar motions in subjects wearing
low back orthoses. While they studied corsets and braces rather than abdominal belts, they did
report restrictions in the range of motion, although the restricted motion was minimal in the
fexion plane.

In another study McGill, Seguin, and Bennetr (1994) tested flexibility and stiffness of the
lumbar rorsos of 20 male and 15 female adult subjects, hoth while they wore and did not wear a
10 em (4 in.) leather abdomimal bele. The stiffness of the torso was significantly increased about
the lateral bend and axial twist axes with wearing belts but not when subjects were rotated into
full flexion. Thus, these studies seem to indicate thar abdominal belts help restrier the range
of motion about the lateral bend and axal twist axes but do not have the same effect when the
torso is forced in fexion, as in an indosteial lifing sicoation.

Posture of the lumbar spine is an important issue in injury prevention for several reasons. In
particular, Adams and Hutton (1988) showed that the compressive strength of the lumbar spine
decreases when people approach the end range of motion in fexion. Therefore, if beles restrict
the end range of motion, one would expect the risk of injury to be correspondingly decreased.
While the splinting and stiffening action of belts oceurs about the lateral bend and axial twist
axes, stiffening about the fexion-extension axis appears to be less,

A more recent data set presented by Granata, Marras, and Davis (1997) supports the notion
that some belt styles are better in suffening the torso in the manner deseribed previously—
namely, the taller elastic belts that span the pelvis to the rib cage. Furthermore, these authors
also documented thart a rigid orthopedic belt generally increased the lifting moment while the
elastic belt generally reduced spinal load. Nevertheless, the authors noted a wide variety in sub-
ject response, (Some subjects experienced increased spinal loading with the elastic belt.) Even
in well-controlled studies, belts appear to modulate lifting mechanics in some positive ways in
some people and in negative ways in others.

Studies of Belts, Heart Rate, and Blood Pressure

Hunter and colleagues (1989) monitored the blood pressure and heart rate of five males and one
female performing deadlifts and one-arm bench presses and riding bicycles while wearing and
not wearing a 10 cm (4 in.) weight belt. Subjects were required to hold in a lifting posture a load
of 40% of their maximum weight in the deadlifr for 2 minutes. The subjects were required o
breathe throughout the duration so that no Valsalva effect occurred. During the lifting exercise
blood pressure (up to 15 mmHg) and heart rate were both significantly higher in subjects wearing
helts. Given the relationship between elevared systolic blood pressure and an increased risk of
stroke, Hunter and colleagues (1989) concluded that individuals who may have cardiovascular
system compromise are probably at greater risk when undertaking exercise while wearing back
supports than when not wearing them.

Subsequent work conducted in our own laboratory (Rafacz and MeGill, 1996) investigated
the blood pressure of 20 young men performing sedentary and very mild activities bath with
and withour a belt. (The belt was the elastic type with suspenders and Velero tabs for cinching
at the front.) Wearing this type of industrial back belt sipnificantly inereased diastolic blood
pressure during quiet sitting and standing both with and without a handheld weight, during
a trunk rotation task, and during a squar lifting rask. Evidence increasingly suggests that belts
increase blood pressure!

Orver the past decade T have been asked to deliver lectures and participate in academic debate
on the back belt issue. On several nccasions occupational medicine personnel have approached
me after hearing of the effects of belts on blood pressure and IAP and have expressed suspicions
that long-term belt wearing at their particular workplace may possibly be linked with more inci-
dents of varicose veins in the westicles, hemorrhoids, and hernias, As of this writing, there has
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been no scientific and systematic investigation of the validity of these suggestions, Rather than
wait for strong scientific dara to either lend support to these ideas ar dismiss them, it may he
prudent to simply state concern. This will motivate studies in the future to track the incidence
and prevalence of these pressure-related disorders to assess whether they are indeed linked o
bhelt wearing.

Additonal stadies have examined the effect of belt wearing on other physiological phenom-
ena. Bobick and colleagues (2001) reported lower mean oxyeen consumption while Parker and
colleagues (2000) reported reductions in lung ventilation tidal volumes in groups with higher
abdominal fat, but increased tidal volumes in groups with lower fat. Collectively these data
would have implications regarding lower work rates during belt wearing, or modulated lung
function that would impact performance, o hoth, Once again, the effect of belt wearing appears
tos depend on the characteristics of the individual worker, making it difficult to jusafy a single,
universal belt-wearing policy or guideline.

Psychophysical Studies

Some have expressed concern that wearing belts fosters an increased sense of security that may
or may not be warranted, Studies based on the psychophysical paradigm allow workers to select
weights that they can lift repeatedly using their own subjective perceptions of physical exer-
ton. McCoy and colleagues (1988) cxamined 12 male college students while they repetinvely
lifted loads from floor to knuckle height at the rate of three lifts per minute for a duration of
45 minutes. They repeated this lifting bout three times, once without a belt and once each with
twa different types of abdominal beles: a belt with a pump and air bladder posteriorly and the
elastic stretch belt prev inusly described in the MeGill, Norman, and Sharrac (1990) study. After
examining the various magmtudes of loads that suh]eus: had selected to lift in the three condi-
tioms, the researchers noted that wearing belts increased the load that subjects were willing to
lift by approximately 19%. This evidence may lend some support to the theory that belts give
people a false sense of securiry,

Summary of Prescription Guidelines

My earliest report on back belrs (McGill, 1993) presented data and evidence that neither com-
pletely supported nor condemned the wearing of abdominal belts for industnal workers, After
more laboratory studies and field trials, my position (which has been implemented by several
governments and corporations) has not changed.

Given the available literature, it would appear thar the universal prescription of belts (i.e,,
providing belts to all workers in an industrial operation) is not in the best interest of globally
reducing both the risk of injury and compensation costs. Uninjured workers do not appear to
enjoy any additional benefit from helt wearing and, in fact, may be exposing themselves to the
risk of a more severe injury if they were to become injured, Moreover, they may have to con-
front the problem of weaning themselves from the belt. However, if some individual workers
perceive a henefit from helt wearing, they should be allowed to wear a belr conditionally but
only on trial. The mandatory conditions for prescription (for which there should be no excep-
tion) are as follows:

¢ Given the concerns reganding increased blood pressure and heart rate and issues of Liabil-
ity, all candidates for belt wearing should be sereened for cardiovascular risk by medical
personnel,

* Civen the concern that belt wearing may provide a false sense of security, belt wearers
must receive educadon on lifting mechanics (back school). All ton often, belts are being
pmmmcd minduqrf} as a quick fix to the injury problem, Promotion of belts, conducted
in this way, is detrimental to the goal of reducing injury as it redirects the focus from
the cause of the injury, Educaton prograims should include information on how tssues
become injured, techniques to minimize musculoskeletal loading, and what to do about
teelings of discomfort to avoid disabling injury.
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Consultants and chnicians should not prescribe belts until they have conduered a full
ergonomic assessment of the individual’s job, The ergonomic approach should examine
and attempr ro correct the cause of the musculoskeletal overload and provide solutions
to reduce the excessive loads, In this way, belts should only be used as a supplement for
a few individuals, while a greater plantwide emphasis should be on the development of
a comprehensive ergonomics program.

Belts should not be considered for long-term use, The objective of any small-scale belt
program should be to wean workers from the belts by insisting on mandatory participation
in comprehensive fimess programs and edocation on hifting mechanies, combined with
ergomomic assessment. Furthermore, consultants would be wise o continue vigilance in
monitoring former belt wearers for a period of time following belt wearing, given that
this period appears to be characterized by an elevated risk of injury.
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PART IlI

Low Back
Rehabilitation

his part of the book presents better rehabilitation practices based on
the evidence discussed in previous chapters.
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CHAPTER 10

Building Better
Rehabilitation Programs
for Low Back Injuries

he evidence preqcmgd in this hook supports the establishment of spine stability first, followed

{sometimes) by spine mobility in some hacL—Jn]urL[i patents. Although a small proportion
of patients need nu:rh:]li']]'u_{:n a local spinal region first, most padenss—from those looking tor
functional enhancement and pain relief to athletes seeking performance enhancement—benefit
from stabilizing the spine first. In fact, once stability is established and the pain resolves, many
patents And that their mobility returns with no further intervention,

Many people develop bad backs because of movement flaws, Lifting even extremely heavy
lpads can be accomplished safely by athletes who have perfect form. But movement flaws cause
repeated or ]JTi}l(J:I'II.;'LI:j loading that is abnormal for the tissue, so it slow ly becomes painful,
A helpful analogy is as follows: If you were to hit your thumb lightly, but repeatedly, with a
hammer, it would eventually hecome very painful, In fact, soon the slightest touch would cause
pain. This symptom magmfication occurs because the tissues are hypersensitized—not because
of psychosocial modulators, The tissues are continually *hit with the hammer™ because of the
aherrant motion and motor patterns. Part of the stabilization approach is o correct the aber-
rant patterns to literally “rake the hammer away.” Then the ossues hecome less sensitized, the
repertoire of pain-free tasks increases, and motion returns. This is why it is essential w perform
therapeutic exercise pain free. Presence of pain also leads to various substitution parterns as
the spine literally learns to *limp.” These must be correcred, and require pain-free motion, So,
don’t worry about the concept of restoring functon too soon. This retards progress, Address
the painful tissues and then work on funetion,

Evidence presented throughout this book is unanimous: A spine does not behave like a knee
or shoulder, and approaches thar work with these joins are often not effectve tor back therapy,
Loading throughout the range of motion—which works well for joints in the extremities—is
the nemesis of many backs, at least in the early stages of rehabilitadon. During this period,
training for strength is wsually counterproductve, Unfortumately, the principles vsed in body-
building pervade rehabilitation “clinical wisdom.” This approach hypertraphies muscle at the
expense of developing functonal motor and moton patterns needed for optimal health. In this
chapter several general recommendations to maximize the chance for successful rehabilitation
are discussed, followed by considerations of the stages of patient progression and guidelines for
developing the best exercise regimen for each patient.

Our Five-Stage Back Training Program

We have developed a five-stage approach to back training that begins wich our identifving faulty
movement patterns and ends with the patdent’s achieving ultimate athletic performance readi-
ness, Consider this the “large picture,” as only athletes and people who perform demanding
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tasks will complete all five stages. However, it is important to understand the components and
objectives of each stage, together with their order. For example, patients may he unknowingly
following a strengthening regimen (stage 4) without having successtully addressed permrbed
motion patterns (stage 1). Doing so will delay their recovery, or make them worse off. S0 when
approaching the program, one must first ask, Is the objective pain reduction and rehabilitation
of problems or is it athletic performance? Health objectives: demand a focus on motion and
motor patterns, stability, and endurance to achieve low tissue loads and a low-risk environment.
Performance requires more overload, with an elevared risk naturally occurring. The trick in that
case is to stay within the “lowest nisk possible.”

While all five major stages are listed here, only the first three stages are appropriate for reha-
bilitation and are addressed in this book. Rigorous strength, speed, and power training is only
for those interested in enhancing these attributes. They are not needed for the average person to
have good back health. Lhave addressed this more advanced athletie training in detail in my book
Ultimate Back Fitness and Perfirmance (2006). Here is a summary of all five training stages:

*  Stage 1: Groove motion patterns, motor patterns, and correctivie exercise,
- Identify perturbed patterns and develop appropriate corrective exercise,

- Address basic movement patterns through to complex-activity specific patterns.

- Address basic balance challenges through to complex and specific halance environ-
ments

*  Stage 2t Build whole-body and joint stability (focus on spine stability here).
- Build stabality while sparing the joints.
- Ensure sufficient stability commensurate to the demands of the rask.
- Transfer the patterns into application during daily activities.
*  Stage 3: Increase endurance.
- Address basic endurance training to ensure the capacity needed for stabilization,
- Address activity-specific endurance (duration, intensity).
- Build the base for eventual performance traiming (only in those with this goal).
*  Suige 4: Build strength.
- Spare the joints while maximizing neuromuscular compartment challenge,
*  Stage 5: Develop speed, power, agility.
- Develop ultimate performance with the foundation laid in stages 1 through 4.
- Focus on optimizing elastic energy storage and recovery,
- Employ the rechniques of superstiffness,

If vou master the first three stages, which are discussed in this chaprer, you will understand how
to get had backs to respond and how to develop hetter rehabilitation programs,

Finding the Best Approach

Ciiven the wide variety of low back patients, one cannot expect to be successful in low back reha-
bilitation by treating everyone with the same cookbook program. The following strategies will
help guide clinical decisions to individualize—and thus optimize—the rehabilitation program.

» Train for bealth versus performance. The notion that athletes are healthy is generally a
mivth, at least from a musculoskeletal point of view. Training for superior athletic performance
demands substantial overload of the muscles and tissues of the joints, An elevared risk of injury
15 associated with athletic training and performance. Unfortunately, many patients observe the
routines used by athletes to enhance performance and wrongly conclude that copying them will
help their own backs. Training for health requires quite a different philosophy; it emphasizes
muscle endurance, motor control perfection, and the maintenance of sufficient spine stability
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in all expected vasks, While strength is not a targeted poal, strength gains do result, If a patient
with hack pain states that her objective is to play tennis or golf, then she has the wrong short-
term ohjective. First and foremost the objective is to eliminate pain. Then the objective may
shift toward a performance objective such as participation in a specific sporting activity.

s Integrate prevention and vebabilitation approaches. The best therapy rigorously fol-
lowed will not produce results if the cause of the back troubles is not addressed. Part I provided
guidelines for reducing the risk of back troubles: Removing the source that exacerbates tissue
overload cannot be oversiressed. Linton and van Tulder (2001} demonstrated the efficacy of
exercise for prevention; exercise satisfies the objective for hoth hetrer prevenrion and rehabili-
tation ourcome. First, teach patients what is causing their troubles; then work with them w
eliminate the cause.

* Establish a slow, continuwons tniprrovenent in function and pain veduction, The return
of function and reduction of pain, particularly for the chronic bad back, is a slow process. The
t'l,"pir:a] pattern of recovery is akin to the stock market pricing history. Daily, and even weekly,
price fluctuations eventually result in higher prices. Patients have gund days and bad days. Many
times lawyers have hirved private investigators to make clandestine videos of hack-troubled people
pf-:rﬂ:l'l'l‘llnl:\' tasks that appear inconsistent. [am hired to provide comment. Some of these people
are true malingerers and get caught. Others are simply having a good day on the day they are
videotaped. I see all sorts of movement pathology consistent with their chronic hlsmn and they
are exonerated.

* Have the patient keep a journal of daily activities. Documenting daily back pain and
stiffness is essential in identifying the link with mechanical scenarios that exacerbate the troubles.
Two critical components should be recorded in a daily journal: how the back feels and what tasks
and activities were performed. When patients encounter repeated setbacks, they should try 1o
identify a common task or activity that preceded the trouble. Likewise, even when progress is
slow, patients will be encouraged to see some progress nonetheless, Without referring wo the
diary, patients sometimes do not realize they are improving.

* Ensure the “positive slope” in progress. Chapters 12 and 13 introduce the “hig three”
exercises In different forms. We designed these exercises to spare the spine of large loads and w0
groove stabilizing motor patterns, Use the three to establish a positive slope in patient improve-
ment, Once the slope is established, vou may choose to add new exercises one at 4 ime. The
patient may tolerate some exercises well and others not so well, If the improvement slope 15
lost after adding a new activity, remove i, go back to the big three, and reestablish the posi-
tive slope. If the patient requires advanced objectives for athletic performance, perhaps spine
mohbility, vou may adil exercises to achieve such objectives after establishing the positive slope.
How long should each stage be? There is no single answer for all backs. Some will progress
quickly, while others will require great patience. This is the job of the clinician—to determine
the initial challenge, to gauge progress and enhance the challenge accordingly, and to keep the
patient motivateid, even during periods of no apparent progress. The great chinicians blend keen
clinical skills and experience with scientifically founded guidelines and knowledge.

* Determeine whether the patient is willing to make a change. Olwiously, the patient must
change the current patterns that caused him to become a back padent. This will require maoti-
vation, which is not always easy to establish. Others have listed the importance of and steps in
developing a change in motvation and atitude (e.g., Ranney, 1997), Briefly, such a program begins
with the setting of goals—for example, returning to a specific job or partaking in a leisure activity.
The employer’s role in enhancing motivation is to ensure that modified work is available mgf:ther
with the opportunity for graduated return to duty. Employers can also play a role in motivagion by
fostering a culture in which worker success equates to company success, which in turn helps the
worker. The second step in a motivation program is to formulate a realistic plan for reaching
the goal established in the first step. It is beyond the mandate of this book to develop the com-
ponents of maintaining and enhancing motivational opportunities at each stage of recovery.

» Determine whether the patient needs initial mobilization. \While everyone should incor-
porate spine stahilization exercises into daily activity, there is a small group who will benefit from
some directed soft tissue work. This may include manipulation, trigger point therapy, Active
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Release Therapy, the use of foam rollers, and so on. These techniques are not the focus of this
hook. A word of caution is required here. Too many make the mistake of trying to mohilize a
painful spine region that already has mobility. Nonetheless there is good evidence that those
with documented hypumuhﬂltv may benefit from some initial mampul.umn or mobilization
with a transition into stabilization training (Fritz av al., 2003).

s Consider other soft tissue treatments, Patients often present with local muscle spasms and
“odd-feeling” local muscle texture as perceived by a good manual medicine clinician. Further,
these spasms and local neurocompartment disorders are associated with larger dysfuncrions of
the agonist and synergist muscles involved in a movement, In many cases these dysfunchons
delay recovery or prevent complete recovery. Clinicians use a variety of soft tissue treatments to
remove spasm and release the tissues that can impede attaining more normal muscular and joint
function. Documenting them is beyond the seope of this book, The reader is simply alerted o
their potential significance and role in rehahilitation,

* Auvoid spine power. Spine power is the product of velocity and force L‘:p:}wtr = force x
velocity). This means that the spine is hending quickly and there is velocity in the muscles’
lengthening and shortening, Techniques that involve high velocity in the spine have been shown
to lead to back troubles, as they usually indicate high power (Marras et al., 1993 Stevenson et
al., 2001). T minimize power and maximize safety, the forces transmitted through the trunk
must be low if the spine is moving, IF the forces transmitted through the trunk are high, then
the velocity must be low. The power must be generated at the hips and shoulders and be trans-
mitted through an isometrically stahilized torso. Fortunately, this fundamental tenet for safery
also helps to maximize performance,

Stages of Patient Progression

Before we can undertake to remove the activities thar exacerbate low back troubles, we must
determine what they are. This is a crucial part of the rehabilivation process. Uncovering the activi-
ties that cause back troubles begins with a padent interview, Some clinicians perform provocative
testing at this time as well, The next chaprer thoroughly discusses how w interview and test the
patient. Onee this has been done, the rehabilitation can proceed. The clinician may choose o
overlap the stages involved in this process or eonduct them in parallel. Arall dmes, however, the
objective is to establish and maintain the positive slope of continual improvement.

Stage 1: Detect and Correct Perturbed Motion
and Motor Patterns

Some people are very “body aware” and are able w adopt a neutral spine or a flexed spine on
eommand. Others can be frustratingly clueless.

Distinguish Hip Hexion From Lumbar Flexion

The initial objective of this stage is to have the patient consciously separate hip rotation from
lambar motion when flexing the torso. For the more difficult cases we gypically begin by dem-
onstrating on ourselves lumbar flexion versus rotation about the hips, Other techniques that we
have found particularly helpful are as follows:

* Have your parient place one hand on the tummy while placing the other over the lumbar
surface. This way the patient can feel whether the spine is locked and motion is occurring about
the hips (see figure 10.1a).

* Sometimes patients are receptive to being coached while using a practice load. The
dummy constructed by nurses to help them rehearse proper patient lifting and shown in figure
8.28 on page 132 is an example of such a practice load.

* (hther patients respond well to photos of people correctly doing tasks that they will also
be called on to do in the course of their jobs or their everyday activities, Figure 10.2, a and b,
shows examples of such photos.
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Figure 10.1  For people who are not “body aware” and are unable 1o adopt a neutral or a flexed
spine on command, we suggest (a/) rehearsing the spine-neutral position and hip inot lumbar) flexion
while doing knee bends before (b)) exertion, such as liffing this typical Capadian household item.

Figure 10.2  Sometimes patients are receptive to task-specific illustrations showing spine and hip postures. (a) A rescue
worker is applying a pulling force to the victim with the spine flexed. Discussion with the patient of this flexed spine pos-
ture together with one that would better spare the spine is very helpful. (b} Also discussed are exercise postures such as
the neutral lumbar posture adopted by this patient peforming cable pulls.

* Before (incorrect) and after {correct) phovos, such as those in figure 10.3, # through 4,
can he especially helpful.

* Yer another technique is to place a stick along the spine with the instruction to flex the
torso forward using the hips but mantain contact with the stick over the length of the spine
(see fipure 104, a-). While this begins in the clinic, other, more complex bending tasks can
also help groove these patterns into the general motion patterns used in work and other daily
activities.

* When all of these attempus fail, we resort to the final technique: having the patient per-
form the “midnight movement” (rolling the pelvis}—this is lumbar motion. Interestingly, some
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Figure 10.3  Workers relate to tasks with which they are familiar. These photos are helpful for con-
struction waorkers, especially since they can readily see the difference between the (a, ol incorriect
and (h, d) comect spine postures.

da

Figure 10,4  Placing a stick along the spine with the instruction to flex forward but maintain contact with the stick over
the length of the spine will help patients separate hip rotation from lumbar motion when flexing the torso, Examples of
motions that can be used are (4} sagittal plane symmetric lifts, (b} various three-dimensional cable pull exercises, and (c)
specific work tasks that are familiar to the patient.
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patients who found sex painful never associated pelvis tilting with lumbar flexion (see figure
10).5, a-d). Pointing this out to them often facilitates their making the next leap in spine position
awareness and in being able to avoid these painful motions and postures.

Once you begin to see that any or several of the techniques just listed are helping these
“difficult” patients learn how to achieve and maintain nentral spine position during their daily
activities, you may have them attempt some tasks to see if the concept of the neutral spine is
becoming ingrained. One such vask is vo rake the spine stick and ask the patient to knock down
an imaginary spider web in an overhead corner of the room. If he loses the lumbar neutral pos-
ture, peint this out to him so he can correct it. Obviously you should continue spine position
awareness training with such a patent.

Some people have a very difficult time remembering the protective neutral spine pattern.
We tell these types of patients to

. stop before an exertion (perhaps prior to lifting a household item),
. place the hands on the tummy and lumbar region,

1
2
3. practice a few knee bends with the motion about the hips and not the lumbar spine, and
4. then perform the lift.

This practice is effective for many people.

Teach Locking the Rib Cage Onto the Pelvis

For many individuals, learning to lock the rib cage on the pelvis is essential for injury prevention
and for performance—though of course not for all. We have developed a teaching progression
that 1s effective for most patients and that is fully explained in chapter 12 (page 221). The motion
pattern should be accompanied by the abdominal brace motor pattern (see figure 10.6). More
athletic versions of the progression are detailed in McGill (2006),

Distinguish Abdominal Bracing From Abdominal Hollowing

Maintaining a mild contraction of the abdominal wall can also help ensure sufficient spine stability.
This maneuver is called abdominal hollowing in many back care circles, but we prefer to avoid
that terminology, as it suggests to most people either pulling in or puthng out the abdominal

Figure 10.5  Allowing the patient to feel spine (a) flexion and {b) extension helps them to eliminate these from the squat-
ing maotion. Others “get it" by {c) adopting the shortstop “ready position” and then {d) standing up.
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hgure 10,6 fa, b} The wall roll begins with the patient in the “plank” with both elbows planted on the wall. Focus is on
spine and hip motion, generally adjusting the spine and hip posture to shift the pelvis toward the wall in order ta find the

“sweel spot” in spine position with minimal pain. (c} The abdominal muscles are braced and the rib cage is “locked” on
the pelvis, The patient pivots on the balls of the feet, pulling one elbow off the wall, No spine motion is permitted. These
corrections are repeated until the patient can control their spine and eliminate pain,

wall. When the contraction is performed correctly, no geomerric change at all occurs in the
abdominal wall. In other words, rather than “hollowing or drawing in” the abdominal wall, the
patient simply activates the muscles to make them stiff. We call this contraction “abdominal
bracing,” or “stiffening,” whereas when we speak of abdominal hollowing, we are referring o
the pulling in of the abdominal wall, discussed in more detail next.

Some confusion exists in the interpretation of the literature regarding the issue of abdominal
hollowing and abdominal bracing, Richardson's group observed that the hollowing (see figure
10).7a}y of the abdominal wall recruits the transverse abdominis. On the other hand, an isometric
abdominal brace (see figure 10.75) coactivares the transverse abdominis with the external and
internal obliques o ensure stability in virtally all modes of possible instability (Juker et al.,
1998). Note that in bracing, the wall is neither hollowed in nor pushed out. Bracing also sta-
bilizes the spane in bending and twisting challenges, whereas hollowing does not. In this way,
abdominal bracing is superior to abdominal hollowing in ensuring stability. Wich this background,
Richardson and colleagues (1999) suggested that the recruitment of transverse abdominis is
impaired following injury. This idea remains controversial as some others have either not been
able o replicate these results in people with back pain on both sides of the torso, or have found
opposite results. Nonetheless, the group developed a therapy program designed to reeducate
the motor system to activate transverse abdominis in a normal way in low back disorder (LBD)
patients. This was the basis for hollowing; however, hollowing does not ensure stability. Some
clinical practitioners may have misinterpreted Richardson’s work to suggest that abdominal hol-
lowing should be recommended to patients who require enhanced stability in order to perform
daily activities. This is misguided. Abdominal bracing, which activates the three layers of the
abdominal wall (exrernal oblique, internal oblique, transverse abdominis) with no “drawing in,”
is much more effective than abdominal hollowing at enhancing spine stabiliy (MeGill, 2001;
Grenier and MeGill, 2007, Brown et al., in press).

Two mechanisms can shed some light on this issue of hollowing versus bracing. First, the
supporting “guy wires” are more effective when they have a wider base (see figure 10,8, a-¢),
that is, when the abdomen is not hollowed. Second, the obligues must be active to provide stiff-
ness with crisscrossing struts, which measurably enhances stability. Bracing enhances oblique
activity while hollowing inhibits it. The lumbar torso must prepare to withstand all manner of
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Figure 10.7  ja) Hollowing involves the sucking in of the abdomen 1o activate ransverse abdom:-
nis, (b) On the other hand, the abdominal brace activates the three layers of the abdominal wall
texternal oblique, internal oblique, transverse abdominish, with noe “drawing in.”

|

Figure 10.8 (a} Hollowing the muscles reduces the size of the base of the guy wires, together with the incidence angle
where they attach to the spine. (b) This inherently reduces their contribution to spine stifiness in various modes, which
compromises spine stability, (c) Bracing assists in keeping a wide base to the guy wires and recruits the obligue muscle to
supply cross-bracing struts for stability in all axes,

possible loads, including steady-state loading (which may be a complex combination of flexion-
extension, lateral bend, and axial twisting moments) and sudden, unexpected complex loads
together with loads that develop from planned ballistic moton. Saffness is required in every
rotation and translation axis to elimmnate the possibility of unstable behavior, The abdominal brace
ensures sufficient stability using the oblique cross-bracing, although high levels of cocontraction
are rarely required—probably abour 5% maximal voluntary contraction (MVC) cocontraction
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Stability index (M/rad)

Stability index (Nirad)

of the abdominal wall during daily activities and up to 10% MVC during rigorous activity. The
patient must match the level of contraction to the needed stabiliry—there is no need to crush
the spine with overcontraction.

A quantitative comparison of the hollow and the brace is clearly seen in an individual
standing upright with loads in the hands. Simply hollowing can cause the stability index to
drap to low levels or even negative levels, which indicates the possibility of instability {see
figure 10.9). Bracing increases the positive stability index value. The subjectin these figures
is typical in that even though the hollow was taught to targer the ransverse abdominis,
all abdominal muscles were activated when measured. Thus stability was created while
attempting “hollowing” a!thﬂugh true bracing is superior to create lumbar stability. 1fa true
“hollow™ is accomplished with just the transverse abdominis, as simulated in figure 1094,
stability is low compared to that with a brace where the three layers of the abdominal wall
are activated. Simply hollowing causes the stability index to drop to negative levels when the
load is placed in the hands, compressing the spine. A negative value indicates that instability
is possible. In contrast, bracing maintains a positive stability index value, eliminating the
possibility for buckling.

x1018 Abdominal hollowing vs. abdominal bracing
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x10°18 Simulated abdominal hollowing vs. abdominal bracing
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Figure 10.9 (a) An example comparing the hollow with the brace (higher stability) in an individual standing upright,
arms at the sides, with loads placed in the hands. The problem for patients is that isolating transverse abdominis is virtually
impossible. (b} A “perfect” hallow was created with simulation and shown to be significantly inferior to the brace.
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Teach Abdominal Bracing

Generally, to demonstrate abdominal bracing to the patent, we stiffen
one ofour own joints, such as an elbow, by simultaneously acavating
the flexors and extensors. The patient then palpates the joint both
betore and after we stiffen it. Then we ask the patient to attempt to
stiffen her own joint through simultaneous activation of flexors and
extensors, Once she can successfully stiffen various peripheral joints,
we demaonstrate (again on ourselves, with patient palpation) the same
technigue in the torso, achieving abdominal bracing. Finally, we again
ask her to replicate the technique in her own torso. Qceasionally, we
use a portable electromyographic (EMG) monitor so the patient can
learn through biofeedback what, for example, 5%, 10%, or 80% of
maximum contraction feels like (see figure 10.10). We use similar
devices ti teach patients how o maintain the contraction while on a
wobble board and in functonal situations such as when pickingup a
child, getting on and off the toilet, and getting in and out of cars,
Given our research on the importance of spine position awareness
to spare the spine and our experience in teaching positioning, we
became interested in proprioceptive training for the back, The fact
that very little evidence was available to validate the use of proprio-
ceptive rehabilitation for the lumbar spine motivated our recent work
on spine proprioception {Preass et al., 2005). The purpose of this
work was to quantify the effects of a six-week rehabilitation program
Figure 10.10 EMG biofeedback  designed to improve lumbar spine position sense and sitting balance.
devices are an ecanomical way 10 Twelve subjects with a previous history of low back pain were evenly
provide feedback ta the patient regard-  gplit into a training group and a control group. Subjects in the control
ing the level of ahdominal activation  group received no intervention, while the subjects in the training
during any type of functional task, E,rmup received a 20-minute rehabilitation session three tmes per
from standing on a wobble hoard 10 (o ol eynphasizing spine stabilization exercises with a neutral spine.
Bpding i &-Car Lumbar spine repositioning error in four-point kneeling and sitting
halance for the training group showed significant improvement over the study. This small but
initial study demonstrated that proprioception and position awareness in the lumbar spine can
improve through active rehabilitation.

Mental Imagery

The use of mental imagery is helpful for both spine position and muscle activation awareness. Following is a
general protocol that we have adapted from the imagery literature for use with spine training.

1. Focus on feeling the surface under the feet or buttocks. Whatever body part is touching a surface, be
aware of the sensation.

2. Practice simple motions such as tightening and then relaxing specific muscles in different areas of the
body. Then graduate to performing the abdominal brace.

3. Palpate, and have the patient self-palpate, the muscle involved while he is attempting to tighten and
relax it. Sometimes a full-body mirror is helpiul. The focus for the patient is on the specific muscleis)
involved,

4, Perform motions slowly, chunking them into segments and sequences; then visualize the total motion,
For example, beginning with a simple task such as a forward reach, visualize the neutral spine, then
activating the extensors and the bracing abdominal muscles, and finally the motion about the hips.

5. Practice the imagery independent of physical action. Of course, the patient will have already been suc-
cessful in learning spine position awareness, proper muscle control, and desirable mation patterns.

Seasmce; Kathiyn MeGill, spoits psychology consultant
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Build Squat Patterns

A good back needs healthy gluteal muscle function, while function demands balanced hip power
abour each axis. This section describes some hip moror patterns that inhibit spine-sparing par-
terns, together with documenting several training progressions to address them.

The crossed-pelvis syndrome is a term given to the condition in which the gluteal complex
appears to be inhibited during squatting patterns; this syndrome is very common in those with
a history of back roubles (together with some others as well). Interestingly, we sull do not know
if the crossed-pelvis syndrome exists prior to back troubles or is a consequence of having them.
Nonetheless, the syndrome is noticeable in many patients referred to our research clinic. This
results in two concerns. First, those with aberrant gluteal patterns cannot spare their backs
during squatting patterns since they use the hamstrings and erector spinae to drive the extension
motion. Subsequently, the erector spinae imposes unnecessary loads on the lumbar spine, In this
way, healthy gluteal parterns are needed o spare the back. Second, it is impossible to rebuild
optimal squat performance, either for strength or hip extensor power, without well-integrated
hip extensor patterns. In fact the failure of many people to properly rehabilitate is due w neglect
of the ahility to squat and rise off the toiler, or egress from a car, or walk up stairs, withour first
addressing the aberrant gluteal patterns.

Retraining the gluteals cannot be performed with traditional squat exercises that utilize a
machine, Performing a traditional squat requires lirtle hip abduction. Consequently there is
lirtle glutens medius activation, and the ghatens maximus activation is delayed during the squat
until lower squat angles are reached, This is well documented in MeGill (2006). In contrast o
the traditional squar, a one-legged squat activates the glutens medius immediately ro assist in
the frontal plane hip drive necessary for spine-sparing function together with sooner integration
of gluteus maximus during the squat descent motion.

LEARNING TO ACTIVATE THE GLUTEALS

The following maneuvers will enable most patients ta learn how to isolate and activate bath
gluteus medius and gluteus maximus.

LEARNING TO ACTIVATE GLUTEUS MEDIUS

The first stage involves isolating gluteus medius. Once again the patient needs to “feel” the
miuscle and perceive its activation. The patient lies on his or her side, The patient places the
thumb on the anterior-superior iliac spine (ASIS) and reaches with the fingers posteriorly—the
tips will be over the gluteus medius (a). With the hips and knees flexed, the patient spreads
the knees apart like a clam shell, with the
feet remaining together and acting as a
hinge (b), The patient feels with the fingers
the gluteus medius activate. This maneuver
is to simply activate the gluteus medius and
should not be considered a strengthening
exercise. There is no need to offer resis-
tance at this stage (resistance is imposed
later during strength training), True isolation
of the gluteus medius is not possible, and
other muscles are active. In this posture, the
external hip rotators are recruited. Extending
the hips to a neutral posture and repeating
the movement tends to activate the gluteus
medius with a greater integration with the
tensor fascia latag,

{canﬁnugdj
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LEARNING TO ACTIVATE THE GLUTEALS (continued)

LEARNING TO ACTIVATE GLUTEUS MAXIMUS

Lying on the back with the knees flexed and the feet on the floor, the patient places the fingers
on gluteus maximus to feel its activity, Have the patient image a coin placed in the gluteal
fold that must not be dropped. The patient
activates gluteus maximus by “squeezing” the
buttocks—not by creating hip extension. The
focus is on the pelvis at this stage to ensure
that no pelvic tilting occurs, The lumbar spine
remaing in neutral posture fa). Then, once
the activation has been mastered, the patient
begins bridging the torso off the floor. The
clinician at this stage palpates the hamstrings
(). Those who are hamstring dominant and
gluteal deficient will immediately activate
the: hamstrings just prior to the occurrence
of motion, This pattern is very dominant in
those who have the aberrant crossed-pelvic
syndrome, but is also seen in some sport-
specific athletes such as cyclists, The patient
must repeatedly try to begin the bridging
action without hamstring activity (or at least
only mild activity).

To override the hamstring-dominant ten-
dency in some patients requires coaching
and cueing from the clinician. For these
challenging cases we place our foot against
the patient’s toes and instruct the patient
to continue with the preparatory gluteal
activation but then also very mildly activate
the quadriceps by very mildly attempting to
extend the knees. Buttressing the patient's feet
with the clinician’s foot assists this. A gentle
stroke on the quads to assist the patient’s
imaging and perception of mild knee exten-
sion also facilitates this pattern to enhance
gluteal dominance. Then the patient repeats
the attempt to bridge with gluteal dominance.
Once this is mastered, squat performance
will improve.

Imaging squeezing the gluteus maximus
muscles prior to performing the back bridge
will assist in grooving gluteal-dominant hip
extension patterns, Then the patient performs
the bridge with a focus on gluteal contraction
throughout the full range. For those having
difficulty, quadriceps stroking can assist with
mild knee extension fo further reduce ham-
string contribution.
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BEGINNING BASIC SQUAT PATTERNS

First a word of caution: Do not start this too early with patients who either are disabled or
have very painful backs.

POTTY SQUAT

When appropriate we would begin a basic squat progression with a “potty squat.” Sitting on
the corner of a chair or a stool, the patient positions the feet under the body to rise off the chair
without using any momentum shifts. The lumbar spine is neutral and braced. This begins to
groove a good two-legged squat position, Then, with progression to a standing position,
the arms are held out laterally and moved in front of the body as the patient squats. Of
course, emphasis is placed on maintaining a neutral lumbar spine and abdominal brac-
ing. The hips follow a trajectory along a line about 45° from the vertical. “Squat back” is
a better instruction than “squat down.” The motion is predominantly at the hips, known as
the “hip hinge.”

SINGLE-LEGGED SQUAT

Progressing to a single-legged squat involves the same arm motion to assist balance. As the
single-legged squat is performed, the free leg is held behind and the knee is touched to the
floor, or the toe is reached with an outstretched leg to a distant object behind, (a, b) Then,
the free leg is reached out to a distant object placed laterally during the squat (c). Variations
include working the free leg to different positions “around the clock” (see page 180). This
challenges the full hip extensor; flexor, and abduction torgue generators together with keen
motor control. Full integration with the pelvis and lumbar spine is achieved with emphasis on
the appropriate motor and motion patterns. Specific focus is directed toward maintaining a
neutral lumbar spine. Focus on hip motion, with gluteal muscles producing the hip extension
torque, and a stiff torso, Caution with anterior foot placement is necessary with some patients
who are unable to maintain a neutral spine (d).

The single-leg squat follows the same hip hinging mation. The nonsupport leg is projected
tor the rear and to the side. Be cautious with forward projection of the foot to the: front, as it
oiften causes spine flexion. The abdominal muscles are braced, the lumbar spine is neutral,
and the mental focus of the patient is on hip extension torque. Notice that the hips are drifted
posteriorly during the descent to place more emphasis on the gluteals for hip extension,
unloading bath the knees and the back.
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BEGINNING BASIC SQUAT PATTERNS (continued)

RISING FROM A CHAIR

Rising from a chair follows the potty squat mechanics. Faulty motion patterns
often include initiating the motion with spine flexion. Instead the spine should be
extended with the rib cage rising, and the hips flexed. The feet are drawn underneath
the patient, the knees and feet spread, and the hips externally rotated to integrate
the gluteal muscles for hip extension (see figure 10.71),
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Figure 10,11  {a, b) First faulty motion is initiated with spine flexion. (¢} Then the hips are extended with the hamstrings
and () the spine is extended with the back extensors.

&

Y

_—

a

Figure 10.12 Corrected pattems include spreading the feet placement then consciously trying to “spread the floor” which
facilitates the gluteal muscles. {a, b) Better motion is initiated with spine extension and hip flexion, then {cl hip extension.

Stage 2: Establish Stability Through Exercises and Education

For patients to achieve stability not just during rehab, but also in all aspeets of their lives both
during and after rehab, both exercise and education are erucial. It is essential that you pursue
both of these strategies.

» Groove stabilizing motor patterns through stabilization exercises. Generally the next
stage should begin with stabilization exercise. The trick 15 to find an appropriate starting level.
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For the chronic *hasket cases™ whao arrive at our university clinic having failed rraditional therapy,
we gan:rallv undershoot what many would eonsider an appropriate Toa ding level, The typical
progressive improvement philosophy of *work hardening” with weekly improvement goals will
not work for these people; they require more patience. They will have good and bad days, but
the general positive slope in improvement must be established—however gradual. Onee we can
document a positive slope in improvement, then we can increase the rehabilitaton challenge.
Specific exercises are discussed and illustrated in chaprer 12,

* Ensure stabilizing motion patterns and muscle activation patterns during all activi-
ties. You must clarify the range of activities (daily living, occupational, athlete, etc.) for which
the individual patient must be prepared. This is obtained through interview. While there is no
standard form, we begin by documenting the patients’ daily routine, which includes their oecu-
pational demands and those of daily living. Previous chapters offered many examples in which
the spine is spared with an appropriate posture and muscle activation pattern. The guidelines
try selecting exercises discussed in the next section will help von determine whart exercises o
prescribe for patients in this stage. In addition, we spend time rehearsing daily activities to
be sure the patient is learning and utilizing spine-sparing motion and motor (muscle activation)
patterns.

Stage 3: Develop Endurance

Endurance is necessary for maintaining stabilizing parterns of muscle activity. There is a progres-
sion o building endurance, and it starts by building endurance without becoming dred! Here 15
what vou should keep in mind as you progress patients toward greater endurance:

» Typically, enduvance is built first with repeated
sets of relatively short bolds. olds should be no longer
An Important Reminder than 7 or 8 seconds. The duration is based on recent
evidence from near infrared spectroscopy indicating
rapid loss of available oxygen in torso muscles con-
tracting at these levels. Short relaxation of the muscle
restores oxygen (McGill et al, 2000). The endurance
chapters. objectives are achieved by building up repeticions of
the exertions rather than by increasing the duration of

each hold,

o ldentify endurance deficits. Movvared by the evidence for the superiority of extensor
endurance over strength as a benchmark for good back health, we recently documented normal
ratios of endurance dmes for the torso fexors relatve to the extensors and laveral musenlarore
(see next chaprer). Use these values wo identify endurance deficis—both absolure values and
values for one muscle group relative to another.

Lse the reverse pyramid for endurance training. This approach to designing endur-
ance sets is founded in the Russian tradition of maintining excellent technique and form.
The idea is to train endurance without becoming tired, For example, if one were to design
sers for the side-bridge exercise using five repetitions, the training session would look like

Remember, since half the battle is to
remove the irritants, make sure 1o follow
the recommendations of the previous

this:
1. Five repentions on the night side 6. Rest
2. Five repetitions on the left 7. Three on the right
3. Rest 8. Threeon the lek
4. Four repetitions on the right 9. Finished

Four on the left

L

Good technique is facilitated as the repetitions are reduced with each fatiguing set. This is
generally done to build the endurance base, since the objective of maintaining sufficient O,
lewels is met so that the failure is not oxygen starvation or acidic metabolite buildup. Endurance

training for more athletic patients is described in McGill (2006),
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Summary: Checklist for Patient Progression

Aswe have noted, the first three stages of our five-stage program are focused on rehabilitation. Here

we inglude an expanded checklist for rehabilitation that adds some critical elements.

1, ldentify and remove the exacerbating activities,

2. Have the patient record in a journal daily how the back feels as well as the tasks and activi-

ties performed.

3, Identify and correct perturbed motion and motor patterns using corrective exercise. Develop
spine position awareness (hips vs. lumbar motion) and the ability to maintain abdominal

bracing. Groove motion and motor patierns,

4. Begin the appropriate spine exercise and appropriate stabilization and mobilization tasks.

5. Develop muscular endurance.
6. Transfer to daily activities,

Note that training athletes in our program involves the same stages with the addition of two

stages—training strength and power (see chapter 13 and McGill, 2006),

Guidelines for Developing
the Best Exercise Regimen

The reported effectiveness of various training and rehabilitation programs for the low back is
quite variahle, with some claiming grear success while others report no success or even negative
results (Faas, 1996; Koes et al., 1991). The discrepancy regarding the effectiveness and safery
of exercise programs is probably due to clinicians prescribing inappropriate exercises because
they do not understand the tissue loading that results during various tasks. Resist the urge 1o
enhance mohility just to adhere with the disability rating syseem. That system is for ILEIH!:HI\-E
convenience unl} Rather, judge your success by how well vou are able o reduce patients p.un
and restore their ability to complete tasks. Also, there must be a reason to perform an exercise,
and to perform it in a specific way. The next chapter will help you identify deficits in patients
sot that they can be addressed by a specific program, IF there is no specific reason to prescribe an
exercise, then don’t—only work within the restricted capacity of the patient o achieve specific
goals.

Developing a Sound Basis for Exercise Prescription

I have selected and evaluated the exercises in the following chapters based on tissue loading
evidence and the knowledge of how injury oceurs to specific rissues (deseribed in previous
chapters). Choosing exercises, however, still involves rhe best educated guess that is developed
through clinical experience. The following example illustrates the need for quantitative analysis
in order to evaluate the safety of certain exercises.

We have all been told to perform sit-ups and other flexion exercises with the knees flexed—but
on what evidence? Several hypotheses have supgested thar this disables the psoas or changes the
line of action of the psoas, or both. Magnetic resonance imaging (MRI)-based data (Santaguida
and McGill, 1995) demonstrated that the psoas line of action does not change due to lumbar or
hip posture (except at L3-51) as the psoas laminae attach o each vertebra and follow the chang-
ing orientation of the spine. However, there is no doubt that the psoas is shortened with the
flexed hip, modulating foree production. But the question whether there is a reducton in spine
load with the legs bent remains, In 1995 McGill examined 12 young men using the laboratory
technique described previously and observed no major difference in lumbar load as the result
of hending the knees (average moment of 65 Nm in both straight and bent knees; compression
of 3230 N with straight legs and 3410 N with bent knees; shear of 260 N with straight legs
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and 300 N with hent knees). Compressive loads in excess of 3000 N certainly raise questions of
safety. This type of quantitative analysis is necessary to demonstrate that whether to perform
sit-ups using bent kinees or straight legs is probably not as important as whether to prescribe
sit-ups at all! There are hetrer ways to challenge the abdominal muscles.

Basic Issues in Low Back Exercise Prescription

Several exercises are required to train all the muscles of the lumbar torsa, but which exercises
are best for a given individual? Making this determination will depend on a number of variables,
such as the individual’s fitness level, training goals, history of previous spinal injury, and other
factors. However, depending on the purpose of the exercise program, several principles apply.
For example, an individual beginning a postinjury program would be advised 1o avoid loading
the spine throughout the range of motion, while a trained athlete may indeed achieve higher
performance levels by doing so. Another general rule of thumb is to preserve the normal low back
curve (similar to that of upright standing) or some variation of this posture that minimizes pain.
While in the past many clinicians have recommended performing a pelvic tilt when exercising,
this is not justified; we now know that the pelvic oltinereases spine tissue loading, as the spine is
no longer in static—elastic equilibrium. Thus, the pelvic tilt appears to be contraindicated when
challenging the spine. Basic issues you should consider when prescribing exercises for low back
rehab are discussed in the following sections.
Hexibility
Whether to train for optimization of spine flexibility depends on the person’s injury history and
exercise goal. Generally, for the injured back, spine flexibility should not be emphasized unal the
spine has stabilized and has undergone endurance and strength conditioning—and some may
never reach this stage! Despite the notion held by some, there are few quantitative data to sup-
port the idea that a major emphasis on trunk fAexibility will improve back health and lessen the
risk of injury. In fact, some exercise programs that have included loading of the torso throughout
the range of motion (in flexion-extension, lateral bend, or axial twist) have had negative results
(.., Wachemson, 1992), and greater spine maobility has been associated with low hack trouble
in some cases (e.g., Biering-Sorensen, 1984). Further, research has shown that spine flexibiliny
has little predictive value for future low back trouble (e.g., Sullivan, Shaof, and Riddle, 2000), In
the context of trying to stretch the hack and train fexibility, the insightful work of Solomonow
and colleagues (2002) has shown that the stretch reflex is diminished and muscle spasms can
result. The most successful programs appear to emphasize trunk stabilizadon through exercise
with a neuwral spine (e.r., Hides, Jull, and Richardson, 2001; Saal and Saal, 1989; Koumanrakis
et al, 2005) while stressing mobility at the hips and knees. {Bridger, Orkin, and Henneberg,
1992, demonstrate advantages for sitting and standing, while MeGill and Norman, 1992, outline
advantages for lifting.) Finally, removing lumbar flexion from morning activities substantally
Improves patients, on average (Snook et al., 1998). Despite this evidence, many patients are still
instructed to “pull their knees™ to their chest in the morning and perforn toe touches (see fgure
10.13, a-c). The destabilizing consequences of full flexion were described in chapters 4 and 5.
For these reasons, torso flexibility exercises should be limited to unloaded flexion and extension
for those concerned with safery. Those interested in specific athletic activities may sometimes
he an exception to this rule, (OF course, spine flexibility may be more desirable in athletes who
have never suffered back injury.)

Strength

In general, strength seems to have little to do with back health even though inereasing torso
muscle strength is a popular objective of low back rehabilitation protocols. This is not to imply
that strength is not important. Rather it is ©o emphasize that the way the spine moves is relatively
more important in terins of spine health. Back muscle strength in particular has not been found
ta be a significant predictor of first-time injury. (In the context of cause and effect, predicting
first-time injury offers special insight.) Only Troup, Martin, and Lloyd (1981) found, while
testing torso muscles, that reduced dvnamic strength was a predictor of recurring back pain.
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Figure 1013 “Silly stretches,” such as {a, &) pulling the knees to the chest and (o) toe touches,
are often prescribed to patients to do in the moming. These can cause instahility! Paradoxically,
the stretch receptors in the back are stimulated, providing a false sense of relief that may last about
20 minutes.

However, in a prospective study, Leino et al, (1987) found that neither isometric nor dynamic
trunk strength predicred the development of low back troubles over a 10-year follow-up period.
The Biering-Sorensen (1984) study, previously noted, found that isometric back strength did not
predict the appearance of low back trouble in previously healthy subjects over a one-year follow-
up. Holmstrom and Moritz (1992) recorded reduced isometric trunk extensor endurance times
in male workers with LBDs compared to those without but found no differences in isometric
tlexion or extension strengths. Strength appears to have little, or a very weak, relationship with
low back health. Strength is for athletic performance objectives, In contrast, muscle endurance,
when separated from strength, appears to be linked with better back health.

Muost recent data have suggested that while having a history of low back troubles is not related
to reduced strength, it is related to a perturbed flexion-to-extension strength ratio (MeGill et
al., 2003). This difference in the ratio appeared to be mainly influenced by greater extensor
strength relative to flexor strength in those with troubles.

Endurance

Two cross-sectional studies, those of Nicolaisen and Jorgensen (1983) and Alaranta and col-
lessgrues (1994, found reduced extensor endurance in workers who reported low back troubles,
Both Biering-Sorensen (1984) and Luoto and colleagues (1995) suggested that while isometric
strength was not associated with the onset of back troubles, poor static back endurance scores
are. Some have expressed concern that panents with poor muoscle endurance scores have poor
scores from a lack of effort (a psychological variable) rather than any physiological limitation. A
stuy by Mannion and colleagues (2001 ) suggested thar of the total variance measured in the endur-
ance scores of their back patents, 40% was explained by physiological fatigue (quantified as declines
in the EMG power spectrum), while only 10% was explained by psyehological variables (quandfied
as motivation and fear of pain variables, from a questionnaire), Another study (McGill et al,, 2003)
has sugpested that having a history of low back troubles appears to be associated with a different
flexion-to-extension endurance ratio, with the extensors having less endurance and the flexors having
more endurance. This imbalance in endurance also appeared between the right and left side lateral
musculature as evidenced by the asymmetry in right and left endurance holding nmes {L My
RSB/LSE ratio of .93 for those with an LED history vs. 1.05 for those without), The nest issue
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addressed the question of whether strength and endurance are related. Interestingly, the flexor
strength (Wm)-to-endurance (sec) ratio was between 3 and 3.5 for the flexors in both “normal”
backs and in those with a history of roubles, and for the extensors of the normals. The ratio
was much larger for the extensors (3.3, p = .033) in those with a lnstory of LBD.

In summary, several studies have suggested that diminished trunk extensor endurance and not
strenyrth s linked to low back troubles. Recent data confirm this notion and enhance it further
by suggesting that the balance of endurance between flexor and extensor muscles and the bal-
ance hetween right and left sides of the torso appear to be linked to a history of back troubles
severe enough to result in work loss. Note that these were losses that lingered long after the
disabling episode. In those with a history of disabling LBD, the average length of time since the
last work loss episode was 261 weeks (standard deviation = 275), while the average length of dme
lost from work in that episode was seven days (standard deviation = 10). The lesson for exercise
prescription is that graduated, progressive exercise programs (i.e., of longer duration and lower
effort), which emphasize endurance, thus seem preferable over sorengthening exercises,

Aerobic Exercise

Mounting evidence supporting the role of acrobic exercise in both reducing the incidence of low
back injury (Cady et al., 1979) and treating low back patients (Juker et al., 1998} is compelling.
Recent investigation into loads sustained by the low back tissues during walking (Nutwer, 1988)
confirms very low levels of supporting passive tissue load coupled with mild, but prolonged,
activation of the supporting musculature. Callaghan, Patla, and MeGill (1999) documented
that fast walking with the arms swinging results in lower oscillating spine loads, When
talerable, aerobic exercise, particularly fast walking, appears o enhance the effects of back-
spectfic exercise,

Ovrder of Exercises Within a Session

Because the spine has a loading memory, a prior activity can modulate the biomechanics of the
spine in a subsequent activity. For example, if a person sat in a slouched posture for a penod
of time sufficient to cause ligamentous and dise ereep, she would have residual ligament laxity
for a period of time. (We have measured laxity of over a half hour in some cases |[McGill and
Brown, 1992].) The nucleus volume appears to redistribute upon adoption of a standing posture
(Krag ctal, 19873, This redistribution takes time, If the spine is fAexed in one maneuver, then
it probably should return to neotral or extension for the next,

Viscosity is another property of hiological tssues—in this case a frictional resistance o
motion within the spine and torso dssues. This is why motion exercises are usually performed
first as part of a warm-up; once the viscous friction has
heen reduced, subsequent motion can be accomplished
with less stress,

Establishing Grooved Patterns

We have found that patients are best A final consideration is the need o continually groove
served when we establish the grooved healthy, joint-conserving, and stabilizing motor patterns.
patterns for spine stability at the begin- Depending on the exercise objectives, we often begin an

ning of the session. On the other hand, in exercise or training session with some spine stabilization
a performance-oriented training program, exercises to groove the patrerns thar will continue over

participants mave on to torso stabilization to other exercises in the program. In summary, under-
exercises at the end of the session. standing spine biomechanics can optimize the ordering

of tasks in a training session,

Breathing
Debate continues regarding training for hreathing during exertion. Should one exhale or inhale
tluring a particular phase of movement or exertion?

In the rare cases of very heavy lifting or maximal exertions (which would not be part of a
rehabilitation program), high levels of intra-abdominal pressure (IAP) are produced by breath
holding using the Valsalva maneuver. This elevated AP, when combined with high levels
of abdominal wall cocontraction (bracing), ensures spine stiffness and stabilice during these
extraordinary demands.
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Another motivation given for striving to achieve higher TAP is the need o reduce the trans-
mural gradient in the cranium 1o lessen the risk of blackour or stroke (MeGill, Sharrare, and
Seguin, 1995). The explanaton for this risk reduction s as follows:

. Hmldmg IAP 15 associated with a rise in the central nervous system (CNS) Auid pressure
in the spine, which forms an open véssel to the CNS and hrain.

*  Upon exertion, enormous elevation in blood pressure oceurs (documented in weight-
lifters to be well over 400 mmHg).

*  This pressure in the cranial vessels creates a large transmural pressure gradient that is
reduced if the CNS fluid pressure is likewise elevated, reducing the load on the vascular
viessels,

Although this explanation s valid, the mechanism should be considered only for extreme weight-
lifting challenges—not for rehabilitaton exercise,

When de~,1gnmg rehabilitation exercise, a major objective is to establish spine stabilization
patterns. An important fearure of stable and fmetional backs is the ahility to cocontrace the
abdominal wall (abdominal brace) independently of any lung ventilation patterns. Good spine
stabilizers maintain the critical symmertrical musele stiffness during any comhinaton of worque
demands and breathing patterns (such as when playing a baskerball game, for example). Poor
stabilizers allow abdominal contraction levels o cyele
with breathing at critical moments where stability is

Breathe Freely

needed. Grooving muscular activation patterns so that

a particular direction in lung air flow is entrained to a Train to breathe freely while maintaining
particular parc of an exertion is not helpful. This would the stabilizing isometric abdominal wall
be of little carryover value to other activities; in fact, it contractions.

would be counterproductve.

Time of Day for Exercise

As pointed out in part I1, the intervertebral discs are highly hydrated upon rising from bed; the
annulus is subjected to much higher stresses during bending under these conditions, and the
end plates fail at lower compressive loads as well. Thus, performing spine-bending maneuvers
at this vime of day is unwise. Yer many manual medicine physicians continue to suggest that
patients perform their therapeatic routines fiest thing in the morning. This appears to be due o
convenience and ipnorance. Because the discs generally lose 90% of the fluid thar they will lose
over the course of a day within the first hour after rising from bed, we suggest simply avoiding
this period for exercise (that is, bending exercise) for either rehabilitation or performance train-
ing. While there hasn't been a study on the enhancements obrained during exercise routines as
a function of time of day, Snook and colleagues (1998) did prove that the conscious avoidance
of forward spine flexion in the morning improved their patients’ back troubles.

Notes for Rehabilitation Exercise Prescription

Exercise professionals face the challenge of designing exercise programs that consider a wide variety
of objectives. Consider these guidelines:

» While some experts believe that exercise sessions should be performed at least three times
per week, low back exercises appear to be most beneficial when performed daily (e.g,
Mayer et al., 1985

* The no pain-no gain axiom does not apply when exercising the low back, particularly when
applied to weight training. Scientific and clinical wisdom would suggest the opposite is true.

= Research has shown that general exercise programs that combine cardiovascular compo-
nents (such as walking) are more effective in both rehabilitation and injury prevention (e.g.,
Nutter, 19881,
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* Diurnal variation in the fluid level of the intervertebral discs (discs are more hydrated early in the
miorning after rising from bed} changes the stresses on the disc throughout the day. People should not
perform full-range spine motion under load for 1 to 2 hours after rising from bed {e.g., Adams and
Dalan, 1995},

*  Low back exercises performed for health maintenance need not emphasize strength with high-load,
low-repetition tasks. Rather, more repetitions of less demanding exercises will enhance endurance
and strength. There is no doubt that back injury can occur during seemingly low-level demands (such
as picking up a pencil) and that injury from motor control error can occur. While the chance of motor
control errors that result in inappropriate muscle forces appears to increase with fatigue, evidence also
indicates that passive tissue loading changes with fatiguing lifting (e.g., Potvin and Norman, 19921
Given that endurance has more protective value than strength {Luoto et al,, 1995), strength gains should
not be overemphasized at the expense of endurance.

* No set of exercises is ideal for all individuals. An appropriate exercise regimen should consider an
individual’s training objectives; be they rehabilitation, reducing the risk of injury, optimizing general
health and fitness, or maximizing athletic performance. While science cannot evaluate the optimal

exercises for each situation, the combination of science and clinical experience will result in enhanced
low back health.

* Both patients and clinicians should be patient and stick with the program. Increased function and
reduction in pain may not occur for three months (e.g., Manniche et al., 19881
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CHAPTER 11

Evaluating the Patient

Viﬂuall}-‘ any manual medicine textbook describes the rypical tests for determining the range
of moton (ROM), But of what real importance is this information to the clinician? These
numbers are more for the legal determination of disability as defined by the American Medi-
cal Association than for aiding in the clinical decision process. Some erroneously think that all
patients should have “normal to average” ROM values even though they probably were not
“average” prior to becoming a patient. The tests discussed in this chaprer offer more useful
indicators of pathology to assist vou in making treatment decisions.

(M the several deficits in low back variables identified in earlier chapters, many are the direct
result of injury. They include aberrant lumbar motion patterns, perturbed motor patterns of
muscle recruitment, and aberrant joint motion with concomitant pain and loss of muscle endur-
ance. Unfortunately, testing for these deficits is not easy. The rhal]engﬂ 15 ta find the tests that can
best identify the deficits and that are reasonably safe and do not require expensive or specialized
equipment, The tests that come closest o meeting these criteria are described in this chapter,
along with guidelines for rests designed to quantify patient deficits. The results will form the
rehahilitation objectives for the patient, together with clues for designing exercise. The chaprer
also discusses how patients can help to define their own rehabilitation targets.

The Most Crucial Element in Evaluation

Before 1|ﬁ-|:uv-'.mg any specific tests or techniques, however, it 15 vital that vou understand the
central element in all diagnoses: your brain! If your own observation and rL.N{mmg skills are
not well developed, the best tests and the most advanced technology will be of little use to you
as the following text will show.

Geoff Maidand, the well-known Australian physical therapist, promoted the “hypothesis”
formulaton approach o diagnosis—which is very similar to our own. Just a5 a detective must
piece together evidence, a clinician must consider evidence from all sources. As each piece is
eomsidered, the hypothesis is either strengthened or weakened, However, unlike the sitmation
with a crime, the expert clinician is able to obtain a definite history, even though a patient may
present conflicting signs and disguised characteristics. This complexity means no more than
that the patient has a complex presentation. Such patients may be farther down the degenerative
cascade of tissue and nervous system change, or they may have some biological processes under
way that complicate the search. Biomechanical knowledge is critical for success in hypothesis
formation. Usually, the overused tissues are the ones involved in symptom creation. The solution
often lies in changing the biomechanics to alleviate loading of the painful tissues.

A keen “clinical eye” is a feature of all grear clinicians. I often tell the story of when I was
invited to a renowned spine center and part of my course was to conduct three examinations
in front of the center’s 18 clinicians. The clinicians included orthopods, neurologists, physical
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CLINICAL ) . . therapists, and so on. We went to the
II'ItEI'PI'E‘tII'Ig Patient Presentation waiting room and were introduced to
the first patient. The patient rose from
the chair and walked to the large train-
ing room that served as our exam room.

Form a working hypothesis and continually
reassess the hypothesis, doing the follow-

L Then I asked the clinicians w turn away

1. Ohserve everything, starting with the from the patient and face the wall. T asked

person’s sitting posture, rising from them to tell me about the patent—and

the waiting room chair, standing, and not one of them could answer. 1 said to
watking. them that they all failed.

2. Elicit and record the history: Link l,thﬁ,“ desr:'rihednlithntlhml observed,

injury mechanisms and pain mecha- h::gluul1ng?mh the sF:utriI posture of the

fisms. parient, which was a full-fexion., slamped

posture (this usually sugpests flexion
intolerance). Rising from the chair was
initiated with more spine flexion and
less hip extension. Then the hips rose,

3. Perform provocative tests: What loads,
postures, and motions exacerbate;
what relieves?

4. Perform functional screens and “f'm': indicating typical hamstring dominance
Are there perturbed postural, motion, for hip extension and ghueal deficiency in
and mator patterns? generating the hip extensor torque. The

spine extended last with spine extensor
muscle activation. This strengthened the working diagnostic hypothesis that was forming in
my head. The classic antalgic walking posture was shown with arms swinging bending at the
ethows instead of the shoulders. Then I observed the classic standing posture with the weight
shifted predominantly onto one leg.

After pointing out these features I stated that my working dlﬂgnuqn:._ hypothesis was a disc
bulge on the right posterior-lateral side of L4-L5. Further testing showed this to be correct.
The other two patients included a stenotic individual and one with a highly unstable spine
lumbar “hinge” with overstiffness in the thoracic region, Afrer conducting the same qualitative
observations on these owo, the clinicians understood what I meant when [ said thar their eyes
and hands were their best “scanners.” Interestingly, a few older clinicians staved that they had
forgotten their observational skills because of access to high-tech medical imaging—this was a
poignant reminder to rehone their observational and assessment skills.

First Clinician—Patient Meeting

Fach patient has limited capacity for physical work. Every aspect of therapeutic exercise must
be justified; otherwise capacity is wasted. The objective is to determine the capacity, determine
what is tolerable, determine the deficits, and design the best therapy to rectify the short-
comings, Having a road map to follow will allow vou to converge on the fastest and most efficient
journey to optimal back health. Fimally you should proceed only after you have screened vour
patient for all “red flag” conditions. The following checklise will help determine appropriate
rehabilitation exercise.

1. Identify the rebabilitation objectives (specific bealth or performance objectives). The
specific rehahilitation objective determines the acceptable risk-to-benefit ratio, A performance
ubjective carries higher risk. Since the principles of bodybuilding and athletc training are so
pervasive, you need to be sure that all patients understand the difference between athletic per-
formance nbmc’rnes and those for pmn reduction and |n1|1r::!.=e|:| daily function. Generally, direct
all efforts toward pain elimination prior to any training for pt_rfurmn:nu_ {such as strength or
spine motion),

2. Consider patient age and general condition. Younger patients tend to have more disco-
genic troubles (from the teens to the fifth decade), while arthritic spines tend to begin developing
after 45 years and stenotic conditions after that. Note how patients walk and sit. Are they in
noticeably poor condition, either emaciated with little muscle mass or heavy and loose with fat
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rather than muscle? Tt is also assumed that patients have been medically sereened and cleared
tisr eardiovascular concerns, or any red flag conditions such as tumors.

3. Mdentify occupation and lifestyle details, Generally, you should begin by documenting
patients’ daily routines: when and how they rise from and retire to bed, meal routines, and exer-
cise and recreational habits. Then direct specific focus toward areas of concern, For example, if
the patient reports watching TV for 2 hours in the evening, ask for details on the type of chair,
range of postures used, and soon. After gathering information about the patient’s daily routines,
inquire about occupational demands. All hen added to the clinical pre-
sentation, will help you evaluate ecommon links. Discogenic troubles are linked with prolonged
sitting (particularly prolonged driving) and repeated torso flexion. A passive or inactive Lifeseyle
is also associated with disc troubles. Arthritic conditions, facet troubles, and the like are more
linked with jobs and activities that involve large ranges of motion and higher loading. Former
athletes such as soccer players also fall into this category, although long-distance runners do
not since they do not, presumably, take the spine to the end ROM.

4. Consider the mechanism of infury. Attempts to re-create injury mechanisms are froitful
only when the real mechanisms are understood. These were detailed in chapters 4 and 5. Once
identified, the mechanisms can be linked with 'ipEEiFIL' tissue damage (much of which is other-
wise ot diagnosable). Not only will this assise in dl.,‘;lgnmg the therapeutc exercise, but it will
also help in teaching patients to avoid loading scenarios that eould exacerbate the damage and
symptoms. Note that some of these will have acure onset, while others progress slowly. Slow
onset may result in some patients” being unable to identify the mechanism of injury. Neverthe-
less, a “culminating event” is usually involved. Careful questioning about events leading up 1o
that event will provide clues as to the mechanisms of injury.

5. Have the patient describe the perceived exacerbators of pain and symptoms. Prompm
the patient to describe the tasks, postures, and movements that exacerbate the pamn, Examine
these reported tasks from a biomechanical perspective to determine which tissues are loaded or
irritated. These tissues should be spared in the exercise therapy, and the exacerbating movements
minimized.

t. Hauve the patient describe the type of pain, its location, whether it is radiating, and spe-
cific dermatomes and myotonies. Description of the type of pain is sometimes helpful; patients
may describe their pain as deep and boring, scratchy, sizeling, ata point, general over the back
region, continually changing, and so on. You may need to help some people describe their
pain by offering adjectives to choose from. In chapters 4 and 5 I described the link between
pain types and specific tissues and syndromes, Keep in mind that changing symptoms over
the short time of an examination generﬂllv suggest more fibromyalgic syndromes, which can
sometimes be resistive to exercise therapies—particularly ones that cause pain. The issue here is
that pain-free motion must be found and repeated, slow E} expanding the repertoire of pain-free
motion,

7. Take dermatomes and myotomes into account, With radiating symptoms, the dermatomes
and myotomes can assist in understanding the involved segmental levels and whether the pain
originates from a specific nerve root. For example, direct pressure on the root could indicate a
unilateral disc bulge or end-plate fracture that would cause a loss in disc height together with a
loss of root outlet foramen size. In this way the spinal level can be linked wich the dermatome or
myotome but not the actual dssue damage. Further, nerve root pressure can occur at a specific
spinal level on the outlet nerve, consistent with a dermatome or myotome, or on the travers-
ing nerve from above if there i5 pressure on the cauda equina centrally. Thus dermatomes and
myotomes are another consideration when forming an opinion from the consistency obtained
from several tests that can include medical imaging, provocative tests, and so forth,

8. Perform provecative tests. You have already observed the patient sit, rise from a chair,
stand, and walk. You have a working diagnostic hypothesis. Onee vou suspect that specific tissues
are damaged or sensitive, vou can load them to see iflmr.li.ng pmdu::f_i pain. This is provocative
testing. Many [.mtu,nt:. have more complex presentatons, with several dssues involved, Nonethe-
less, the provocative pracedure stll indicates which postures, motions, and loads cause pain and
thus should be avoided when designing the therapeutic exercise. Generally, patients’ descriptions
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of the activities they find exacerbating of their pain (item § on this list) will guide your deci-
siom as to which specifie tissues to load and stress. For example, lumbar extension with a twist
can provoke the facets, while the anterior shear test may be warranted for suspected instability
(shown in the next few pages).

9. Pl!'?_'ﬁl‘."ﬂt functional screens. To derermine whether a patient is moving in a spine-
conserving and efficient way, functional screens are used, In addition, functonal screens are
used to indicate the suitability of a specific exercise or as a qualifying test prior to exercise
prescription.

Some Provocation Tests

Provocative testing is intended to identify the postores, motions, and loads that canse discom-
fort or pain. They are used o guud:: the t.leslgn of pain-free therapeutic exercise and avoidance
strategies to remove the cause. The following list comprises some that we have designed or
quantified (or both). Since they may mimic the mechanism of injury, it is up to the clinician
working with the patient to set the intensity so that it is sufficient only to provoke discomfort
and not to risk further injury.

COMPRESSION TESTS

In compression tests, patients generate their own loads and must be cautioned not to crush
themselves but simply perceive whether the pain is worsened.

THE HEEL DROP TEST

Schmorl's nodes and fractured end plates result from compressive overload. Annulus damage
typically does not compromise compression tolerance until the disc is flexed. There are sev-
eral compression tests, each one well suited to establish compressive tolerance in different
postures and add clues for the working diagnostic hypothesis. The heel drop test can cause
pain or feel uncomiortable in those with pain-provoked compression in an upright and neutral
spine. True periosteun pain will be described as local and boring. The dynamic load peak
is usually around 2.5 or 3 times body weight as seen on a force plate (registering total body
weightl, Positive pain response would strengthen a hypothesis of recent end-plate damage,
or perhaps compromise to the vertebral body (cancellous bone damage, osteoporotic wedge
fracture, etc.). If the patient adlopts a more extended posture, and the compression is repeated,

provoked pain may suggest more posterior bony damage

such as to the facet joints or newral arch,

Two patients come to mind. The first had T9 wedge
fracture, and upon heel drop compression, local spine pain
{lower thoracic) was coupled with rectus abdominis sensa-
tions of numbness {rectus is innervated from this spinal
levell. The second patient had prosthetic discs at L5 and
L4 together with a flattened disc at T10. Once again, the
heel drop produced local lumbar pain together with rectus
abdominis perceptions,

The standing heel drop test is performed with the patient
rising onto the balls of the feet {fa). The patient then drops
down to a flal foot, causing a rapid compressive load of the
spine. While the test is conducted cautiously, repeated trials
when the patient is pain free may he made more aggressive
until a rigid drop produces a lumbar compressive magnitude
up o about 2.5 times body weight (b).
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SEATED COMPRESSION TESTS

Seated compression tests provide insight for determining
whether the compression intolerance is modulated by pos-
ture. For example, posterior disc herniations generally lolerate
compression better when the spine is in a neutral posture, yet
these patients feel very uneasy when the spine is flexed—this
makes perfect sense considering the injury mechanism that
refies so heavily on a flexed spine. The seated compression
test is helpful here, Have the patient sit upright and pull down
on the stool seat pan, then repeat with the spine flexed with a
slouched sitting posture,

The photos show (a} seated compression with the spine in ol 'i'é —
an upright posture, (b} then repeated in a slouched posture. el L
The patient grabs the side of the stool and pulls down, com-
pressing the spine, a b

EXTENSION TESTS

Spine extension as a provocative test can be interesting, as the mechanics involve several
structures, For example, prone relaxed extension (McKenzie postures) may relieve pain, sugpest-
ing that the pain was discogenic. Although for years the mechanism was thought to be actual
“migration” of the nucleus anteriorly, recent work has shown a more interesting phenomenon.
As the annulus stowly and propressively breaches, layer by layer, nuclear material infilirates
the annulus. Prone extension has been shown to "wring out” the annulus and squeeze the
nucleus fluids back into the annulus in some patients {Scannetl and McGill, in pressi. But this
also depends on the type of annulus damage and its location. Obviously a more posteriorly
lncated partial herniation should respond to this hydraulic mechanism. Sometimes the delami-
nations of the layers in the annulus travel around to the lateral, and even anterior, portions of
the annulus. In these cases, extension may drive more nuclear material anteriorly following
the rent or delamination. Clinically, a side bend (known as the “side glide” to McKenzie-based
clinicians) is effective for some patients. We would speculate that these may be the ones with
the lateral delaminations. The side glide is then followed by extension, which, once again, is
effective for some, The nuclear material may be then directed back to the central nucleus or
may be driven back to the lateral rent.

MCKENZIE POSTURE TEST

The patient begins in a relaxed standing posture, and the clini-
cian asks the patient about current pain and the general feeling
about the back. Then the patient lies prone, adopting one of the
following three levels of the McKenzie posture progression (the
clinician decides which is suitable based on the patient’s flexibility
and symptoms):

*  Prone with the arms relaxed fa)
* Prone with the chin resting on the fists (b)
*  Prone suppored on the elbows (c)

If thie patient cannot tolerate one of these postures, the clinician
can assume that simple disc disturbances are not the source of
troubles, or at least not the sole source. Many with encomplicated
posterior disc lesions, or herniations, find relief in these postures.
The patient then returns to the standing posture, A patient who
feels more stable or has less pain compared to the moments prior
to lving prone is classified as posterior discogenic.
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Patients who are posterior discogenic should avoid flexion stretches and a flexed spine under
load when performing exercise therapy. Those who teel worse upon standing could have a
host of other possible conditions but will probably experience better progress by adopting a
neutral to slightly flexed lumbar posture for exercise therapy.

TESTS FOR DETERMINING SUITABILITY FOR ROM TRAINING
AND STRETCHING

The McKenzie extension approach is well known for treating acute discogenic troubles. But
the extension postures can also be used as a test to identify those with posterior disc troubles,
Typically, these posterior discogenic patients should never flex the lumbar spine when it is
under substantial loading. See the “McKenzie posture test” section.

STANDING EXTENSION TEST

Classically, the extension postures have been thought to indicate posterior element or neural
arch damage. However, as with disc pathalogy, this exacerbation provides only circumstan-
tial evidence. The standing extension provocation tests include the extension quadrant and
the one-legged stork test, Both postures load the facet capsules, compress the facet articular
interface, and bend the pars and lamina. They also close down the size of the lateral nerve root
foramen and tension the anterior
longitudinal ligament and anterior
annulus. Understanding the inter-
play between these tissues helps in
understanding the signs during the
standing extension postures. For
example, sagittal plane extension
may cause central pain that is further
exacerbated by lateral bending to
the right, then twisting to drop the
right shoulder back. Shown in the
photos are (a) standing extension,
b extension quadrant test, {c} one-
lepeed storl test,

The main implication, as with
many provocation tests, is that the
reaction to extension postures pro-
vides circumstantial evidence. When combined with other evidence, the impression and work-
ing diagnostic hypothesis are strengthened or weakened, Relief with prone extension appears
to be a strong indicator of discogenic pain from posterior annulus damage, but exacerbation
of pain requires more follow-up. However, in terms of designing therapy, the pain exacerbator
{an extended spine in this case) has been identilied and should probably be avoided.

NEURAL TESTS

Pain is sometimes wrongly attributed to “tight muoscle” when the genesis is actually jeritated
nerve. Proper diagnosis is an important issue because the treatment of tight muscle usually
makes an irritated nerve worse. The clinical lechniques discussed here will assist in enhanc-
ing patient outcome,

SITTING SLUMP TEST

Several forms of the sitting slump test can be used to elicit radiating sciatic symptoms. These
are designed to tense the sciatic nerve and irritate the lumbar nerve roots. Typically the patient
sits on the table or chair and then slumps or slouches. The intention is to progressively increase
thiz nerve tension,

Copyrighted Material


http://www.go2pdf.com

Copyrighted Material
Evaluating the Patient 195

Then

* the leg can be extended
at the knee (aj, tensing the
nerve from below the lumbar
spine;

« footflexion can be added (b,
further tensing the nerve;
and finally

s the nerve can be further
tensed from above the lum-
bar region with the addition
of cervical spine flexion (c),

If the tension at any of these
stages causes symptoms, further pro-
gressive testing is stopped, and the
patient may be a candidate for nerve
flossing (described in chapter 120
Centainly flexion will be contraindicated for these patients during stretching and exercise.

If flexing the neck does not increase the pain, then thie sciatic nerve is not the tissue of interest
and the clinician can begin assessing the sacroiliac (S1) joints, the hamstrings, piriformis, and
other muscle-based syndromes, ending with the hip. However, the slump test, in this farm, is
limited—a more insightful nerve tensioning test (the passive leg raise test) is described follow-
ing the description of the Fajersztajn test.

FAJERSZTAIN TEST

The Fajersztajn test should always be performed an both legs even when the sciatica is unilateral.
Raising the “well leg” is needed to perform the “well leg raising test of Fajersztajn” (DePalma
and Rothman, 1970). Raising the well leg tensions the nerve root on the well side together
with causing tensions centrally along the midline of the cauda equina and to the nerve roots
on the opposite side (a). Sometimes pain is provoked with simultaneous cervical flexion (b).
Fain in the symptomatic side (side not raised) is an organic sign of disc lesion, usually a more
central lesion. It is not a sign of malingering as some have suggested.

SUPINE PASSIVE LEG RAISE TEST

Technique while performing the leg raise test is very important. Both neural tension and mus-
cular tension are changed with raising the leg, as with the sitting slump test. Thus, during the
leg raise some patients will report pain that originates from muscle tension. To sort out the
difference, always place one hand behind the knee so that the fingers can palpate the ten-
sion in the hamstring tendons (see photos on page 196). The patient’s description of pain also
assists in the impression of whether the pain is from neural or muscular tension—neural pain
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will travel beyond the borders of the muscle (perhaps follow the sciatic tract in the buttocks
and below the knee),

If neural tension is present, iollow up with the determination of whether the nerve root is free
to floss. With the patient remaining in the supine posture, the pain-generating leg is raised to
the point of pain, The head is raised with cervical fexion, and if that exacerbates the leg pain,
this indicates that tension of the neural tract from ahove exacerbates the pain. Then the leg is
lowered slightly. Alleviation of the pain with this maneuver establishes that releasing tension
in the newural tract from below iwhile the tension from above remains) allows the nerve root to
relax. Then returning the leg to the former position that generated pain and returning the head
to the rested position on the table should reduce the pain. This procedure will establish that the
nerve root is flossing and not adhered. An adhered or pinched nerve root will not show differ-
ent pain patterns irom the coordinated cervical motion described here, While we have been
able to break nerve root adhesions (postsurgicall in the past with flossing regimens, the risk of
creating exacerbated sciatica is large and requires strict guidance, discussed in chapter 12,

/

=
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Shown in the photos is (a) leg raised to point of pain provocation, (b) position in a with
cervical spine flexion added—now the cervical spine is flexed, does this make the pain
worsei—then (c) lower the leg—does this reduce symptoms? If so, the nerve is flossing, Note
the technique of cradling the leg in the crook of the arm so that the fingers can palpate the
hamstring tendans,

While performing the supine passive leg raise, monitor muscle tension by using the fingers
to palpate the hamstrings. The leg is raised to the point of pain provocation (a). Then the cer
vical spine is flexed to further tension the spinal cord from above the lumbar roots (b), If the
pain is exacerbated either in the back or along the sciatic tract in the lower extremity, neural
tension is considered the culprit. Then the leg is lowered (ci. If the pain is reduced, this is a
clear indication that the nerve root is not adhered.

REFLEX TESTING TO FIND BEST POSTURES FOR NERVE MOBILIZATION

Peripheral reflexes such as the patellar reflex or the Achilles reflex are modulated by lumbar root
tension or compromise. However, the actual nerve root tension that is modulated by posture is
rarely considered. For example, the patient with a diminished patellar reflex during the typical
upright sitting posture will be recorded as compromised. Yet in some of these patients, the reflex is
restored when the posture is changed to reduce the neural tension. In this case, a logical posture
would be to have the patient lie back. If a stronger reflex was measured in this new posture, it
would be established that the reflex is postural, and therefore biomechanically modulated.

TEST FOR POSTURALLY MODULATED REFLEX DIMINUTION

Reflex intensity is evaluated as a function of neural tension. Adjust the seated posture to
modulate the neural tension to determine if the reflexes are modulated—for example, in a
flexed posture (a), causing neural tension, or an extended posture (b, slackening the neural
tract {or other postures in between). If a stronger reflex response is generated in posture b then
this will be adapted during “flossing” routines (see page 217).
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TESTING FOR LUMBAR JOINT SHEAR STABILITY

Chapters 4 and 5 offer a well-developed discussion of the role of the lumbar extensors {longis-
simus thoracis and iliocostalis lumborum) in supporting anterior-posterior shear of the vertebral
motion segments, These muscles stiffen against unstable motion in the shear plane, In fact,
good stabilization exercise must involve these muscles. A simple manual test for lumbar joint
shear stability is presented here, [f the resull is positive (i.e., the patient has pain provoked by
shear instahility), the patient could benefit by reducing the aberrant shear motion and will do
well with stabilization exercises that groove cocontracting motor patterns of the shear mus-
culature (Hicks et al., 2005).

MANUAL TESTING FOR LUMBAR JOINT SHEAR STABILITY

The patient lies prone with the body on a table, the legs over the edge, and the feet on the
floor, The person must relax the torso musculature, The clinician then applies direct force
downward onto each spinous process in turn (a) (starting at the sacrum, then L5, L4, L3, etc.).
The force applied should be no more than 1 kg (2 1b), and is applied in an oscillatory way to
“rattle” the segment. Unstable segments are identified when either the person reports pain or
the clinician feels actual shear displacement, but the patient's reporting of segment-specific
pain, in this case, is given more consideration. Then the patient is asked to slightly raise the
legs off the floor to contract the back extensors (b). The clinician once again applies force on
each spinous process, using the same technique as before. By virtue of their lines of action,
the lumbar extensors will reduce shearing instability if present. If pain is present in the resting
position but then disappears or subsides with the active cocontraction, the test is positive,
Fatients who indicate more pain during active contraction may be compression intolerant,
Or they may be trying to extend their legs with [umbar extension rather than hip exiension.
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Correction of this aberrant pattern may help make the test more precise. This test proves con-
clusively that activating the extensors stabilizes the shear instability and eliminates the pain.
Now the trick is to incorporate these extensor motor patterns into exercise prescriptions to
carry over to daily activities.

A Note on Motion Palpation

Some clinicians use their hands to feel specific vertebral motion during a whole-trunk motion
such as flexion or ewisting, When they detect a “blocked” or “suff-feeling” segment, they often
declare it pathological and make it the target of mobilizing treatment. Clinicians rarely, how-
ever, consider the flexibility in the spinous process and bony neural arch noted in chaprer 4. Two of
my PhD students questioned whether the asymmetric feel to a specific joint was true pathology or
simply asymmetric anatomy—perhaps asymmettic facet joints (Ross, Bereznick, and McGill, 1999).

By careiul]_lp documenting the motion accurring at the disc and in the spinous process in cadaveric

specimens, together with the applied loads (similar to clinical loads), they were able o quantfy the
effect of amatomy, The resuls demonstrated that over half of the motion felt by the clinician was
actually the spinous process flexing and bending (see figure 11.1) and not vertebral hody motion,

Thaose joints that were anatomically asymmetric had asymmetric motion under an 'J'P}]l](—.‘d load
from the clinician. Treating such a joint with mobilization therapy would be fruitess.

Distinguishing Between Lumbar and Hip Problems

Pain in the buttock or radiating down the leg (or both) can have more than one source. Far
effective treatment, you must discover whether that source is in the lumbar spine or in the 51
joints, in various muscles, or in tissues around the hip or even the hip joint itself.

I am condnually surprised at the number of peaple with back roubles who also have hip
troubles (MeGill and colleagues [2003] noted a correlation between back woubles and hip

IE g s
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o o motion
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deflection
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Displacement (mim)

Figure 11.1 Lateral forces were applied to the tip of the spinous process by clinicians to cadaveric
motion segments to mimic motion-palpation testing. Most of the motion measured in the spinous
process, which is what the clinician feels, took place in the spinous process bending rather than
in the disc. Moreover, asymmetric anatomy resulted in asymmetric motion when loaded to mimic
the clinician’s hand forces, suggesting that this test should not be used solely to determine the site
of mobilizing treatment.
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pathology in factory workers), It is sometimes difficult to separate hip pain from lumbar trouble
since deep buttock pain can be sciatic (lumbar) or originate in the hip joint. Tipically, medial
and anterior thigh pain are indicators of hip pathology. If hip tests are indicated by the nerve
tension tests described in the previous section (Le., they were negative), flexion and rotation
tests should be performed.

HIP FLEXION AND ROTATION TESTS

Have the patient lie supine with the hip flexed. Rotate the patient’s thigh segment into hip
internal rotation {a). Stiffness or pain is a positive indicator of hip concerns. Hip joint pain
is somewhat distinctive with radiation into the groin, or along the inguinal crease or medial-
anterior thigh {or some combination of these), Then flex the patient’s hip (b) while the knee
is moved in circular motions, scouring the acetabulum, but with the knee bent so as not to
confuse any pain with nerve tension related to the back.

Some Functional Screens

Pain is present hecause the back is currently a weak link. Functional rests help o sort out why
the back is a weak link and help indicate what 1s required to holster the deficit. Some tests are
posturally based while others assess control of motion.

POSTURAL TESTS

The following postural tests are very helpful. Recall that screening need not involve manipu-
lation or special positions. Some of the most useful “tests” are simply a matter of intelligent
observation.

THE SITTING POSTURE

Whal is so incredible is that patients with troubled backs most often sit in a
way that causes more back troubles. For example, patients who show flexion
intolerance during provocative tests often have a typical sitting posture that
involves a lot of spine flexion. In a similar way, those who show extension
intolerance will more often sit with a spine locked into extension. Thus,
the sitting posture is the first clue in hypothesis formation since this is often
the posture that is first observed of the patient in the waiting area. 5Sitting
in the waiting room in a flexed posture often suggests a flexion-intolerant
patient.
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RISING FROM THE CHAIR

Rising from a chair can be very revealing of numerous motion and motor patterns. For example,
for the flexion-intolerant patient, rising from a chair is initiated first by more lumbar flexion
and even sometimes hip extension (see page 181} Such patients are moving to exacerbate
the painful tissues preventing their recovery. A conserving approach for the flexion-intolerant
spine would be to initiate the movement with a lifting of the chest, causing lumbar extension
first with corresponding hip flexion mation, The feet are underneath the center of mass of the
hody, and hip extension drive is dominated by gluteal muscle activation. Hip power in this
case is often helped by shifting the pelvis forward in the chair and planting the feet wider
apart on the floor,

Also, rising from a chair often reveals spine “hinges.” These are regions, or motion segments,
where a disproportionate amount of the motion occurs. These overused regions are often the
site of local symptoms, and until they are addressed, the back often remains chronic.

Maotion restrictions other than in the spine may also be observed, for example in the hip,
knee, or ankle, These restrictions may be complicating the hypothesis and may or may not
become a component of the back therapy.

THE STANDING PATTERN

All sorts of clues are revealed in the standing posture, Simple palpation of the standing patient's
lumbar extensor muscles will reveal if the patient is chronically crushing the back with exten-
sor contraction. Simple postural corrections such as hip extension, retracting the shoulders
posteriorly, pulling in the chin, and s0 on can shut these muscles off,

No amount of muscle relaxants will shut off the painful back muscles if the patient stands
in a slouched posture: Standing to spare the spine reguires a finely tuned blend of postural
adjustments and muscle activation patterns. One correction is to “steer” the thumbs in external
rotation, retracting the shoulders {see b and ¢ to a spine-sparing corrected posture.

Yet other patients stand with no measurable extensor or abdominal muscle activation—they
simply balance on their passive elastic spine tissues. These tend to be those who have thick
torsos with flaccid abdominal walls. For these patients, correction achieving pain reduction
invalves mild abdominal contraction; 2% ar 3% of maximal voluntary contraction is considered
normal abdominal wall muscle “tone” during standing (Juker et al., 1998). The photos show
the standing pattern, (a) aberrant, (6, ¢/ external ratation of the thumbs with chin retraction,
and (o corrected posture with no chronic back muscle contraction.
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THE GAIT PATTERN

Is walking a provoking task? If so. can it be
turned into a therapy? Many clues can be
obtained during observation of walking patterns.
For example, slouched postures, small steps,
swinging arms from the elbows, “duck feet,”
and a low-cadence shuffle are all suggestions
that walking is an exacerbating activity for the
patient, Correcting these will turn walking from
an exacerbating activity into a therapy. Lifting
the chest, swinging the arms from the shoulders,
taking longer and faster steps, or correcting
*duck feet” will often relieve pain (see photal,
The biomechanical changes show more efficient
storage and recovery of elastic energy, actually
reducing spine lnads with this approach. Further,
walking is changed from a static spine activily
into a reciprocating motion and load activity,
The photos show the gait pattern, (a) aberrant
and {b) corrected.

Observing the dynamics of the rib cage relative to the pelvis is
also revealing. A lumbar spine may be “out of control” with large
motion; pain in these patients is oflen relieved with abdominal
bracing patterns. Yet others with lumbar symptoms may be overly
stiff in the thoracic and shoulder regions, with motion occurring
only in the lumbar region. Too many young males who are body-
building fall into this category. The correction is to have them walk
with little stiffness above the lumbar region and with some stifiness
in the lumbar region. Developing some “altitude” during walking
aften helps. Using phrases such as “walk like you own the world”
or “walk with no worries” often lightens the upper regions to unload
the painful lumbar spine.

MANUAL ILIAC CREST COMPRESSION

Another test imvolves manual compression of the iliac crests or the
trochanters of the hips. This may alleviate pain, suggesting that some
instability in the pelvic ring is a cause—perhaps pubis symphysis or
51, This would require some consideration for pelvic instability.

MANUAL TESTS FOR CONTROL OF MOTION

Control of motion requires all of the attributes of physical performance—motor contral, strength,
endurance, specific flexibility, and so on, The following screens will assist in identifying some
of these deficits together with acting as qualifying tests prior to engagement in more progres-
sive therapeulic exercise.

PROPRIOCEPTION ACUITY

The ability to find a pain-free position for the spine appears to be compromised in chronic
bacles. Clearly this ability can be trained (Preuss et al., 2005), We have developed the “wall
plank,” which helps to identify those who are unable to accurately reposition their spine and
also becomes a training exercise.

Wall planks begin with the patient’s finding and grooving the “sweet spot” for minimal or
no pain, The clinician moves the pelvis toward the wall using a combination of hip and spine
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flexion-extension (a). Once the no-pain position is found, (b} the abdominal wall is “raked”
with the fingers to stimulate oblique muscle activation. (c} The shoulder and latissimus may
be brushed to cue the locking initiation of the torso rotation with lastissimus dorsi. () Finally,
the locked torso is “grooved” into the proprioceptive system of the patient.

Oince the pain-free posture is found, the patient spins on the balls of the feet with the rib
cage locked to the pelvis so that no lumbar motion occurs (c, ). The plank position is then
taken once again. If the “sweet spot” for pain-free lumbar posture has been lost, the exercise
is repeated to groove the pain-free position into the movement and posture repertoire.

LOOKING FOR SPINAL “HINGES”

Hinges are motion segments that bear more of their share of the motion. In the sagittal plane
they are seen during sitting down or during standing flexion. A common location is the tho-
racolumbar junction. In athletic populations, a successiul strategy is often to buttress this
lack of stifiness with latissimus dorsi activation through shoulder depression with the rib cage
lifted (see McGill, 2006). Lumbar hinges are usually better buttressed with an abdominal
brace (within the compression tolerance of the spine and at the sufiicient levell. Sometimes
torsional hinges accur, These can be addressed through learned avoidance of painful twisting
or through buttressing with an appropriate muscular brace (or both, Over time, the natural
“degenerative cascade” will work in favor of the patient to stifien the painful segment. In this
way the arthritic or degenerative process acts to stabilize the painful segment (or hinge). But
the: clinical objective is to restore pain-free function in the meantime.
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A flexion hinge (arrow) at L2-L3 is the site of pain in this flexion-intolerant former athlete.
Here the patient starts on the hands and knees and rocks the buttocks back to the heels, trying
tomaintain a neutral spine. General abdominal bracing remaoved his pain together with spine-
pelvis position awareness training.

The “Stiff” Spine

Not all spines are painful because of instability, Rather, some are stiffened with muscular contrac-
tion and locked into a pained posture. The chronic muscular lock, however, is often secondary
to tissue damage and local instability. But it is the choice of coping strategy that is causing the
chronic symptoms. The muscular reaction is simply inappropriate: Itis probably far too intense
and is more than is needed 1o be *sufficient.” As noted earlier, stiffness is often regional, and
various clinical approaches can be employed, ranging from passive approaches to active learned
motion patterns with less muscolar stiffening,

Control of Torsional Motion

Orther forms of aberrant motion may indicare poor lumbar control, which is in contrast with
the local segmental instabilities shown previously. For example, rotational disconnect of the nb
cage and pelvis during the push-up test described here can indicate that more work is required
for enhancing lumbar contral.

TORSIONAL CONTROL TESTS

All of the torsional tests described here indicate the presence or absence of the control neces-
sary prior to engagement in torsional training,

PUSH-UP TESTS

After the patient takes a correct push-up position fa/, have the patient lift ane hand in a con-
trolled motion and place it over the other (b). This is good form and shows torsional control.
Poor control is shown in () contraindicating further torsional training without risk, The pelvis
and rib cage should remain level if tarsional control is achieved.

The one-legged hip extension from the push-up position provides a similar indicator of con-
trol (or lack thereod). A pelvis locked to the rib cage during raising one leg with hip extension
also indicates lumbar torsional control (d). Hiking the pelvis indicates poor lumbar torsional
control,
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BACK BRIDGE TEST
The back bridge with a leg extended also indicates tor-

Low Back Disorders

sional control, While this was originally proposed as a test
for pelvic stahility (Mens et al., 1999), we have found that
it indicates lumbar torsional control, stiffness, and stability
{Liehenson et al., in press).

Have your patient get into the back bridge paosition,
then ask the patient o extend one leg slowly, The patient
should be able to control this motion with no twisting or
flexion in the lumbar region.

Testing for Aberrant Gross Lumbar Motion

Local spine mstabilities are detected in several ways. The more skilled clinicians simply “see™
them. They appear as small deviations in the three-dimensional motion profiles. For example,
the spine may “clunk” during standing flexion when the lumbar spine bends through 14°, This
is repeatable once the refractory period has passed. The refractory period 15 not a set dme
but a condition in which the unstable joint is able w shift back to a neatral position so that it
is able to clunk again, The “clunks” are almost always manitested in a shear mode. Sometimes
they are audible with the naked ear or with a stethoscope. Other times they are a simple and
very subtle shift in motion as the spine is moving in a specific way, but they cause pain at chat
instant. Correction exercises involve avoidance of the motion that causes the pain, buttressing
of the instahility with an appropriate bracing pattern, or both. A skilled clinician will see these
instabilicies through unaided observation; however, 1 have also found the use of rechnology
helpful, particularly when T have o d:]rmnuu these cases for medical-legal reports. The fol-
lowing are a few examples.

Aberrant Gross Lumbar Motion and Electromyographic Evidence

The usual practice is w test for ROM abour the three primary axes of motion by determining
the degrees of motion possible from neutral. For example, a flexion ROM may be determined 1o
he 45 from neutral {usually using standing posture as a reference base). As previously pointed
out, this single number is of little use as an indicator of pathology or for guiding therapeunic
exercise decisions. Other well-known pathology markers include the inability to achieve myo-
electric silence in the extensors at full flexion {and that full flexion is not reached—see figure
11.2). However, pathology may manifest within moderate ranges of motion, and simultaneoushy
in axes other than the primary plane of motion, The following example illustrates this point.
As one bends forward in the sagirtal plane, there might be a small amount of motion that will
oceur in the lateral bend or axial twist axis, and that is repeatable every time the spine passes
a certain flexion position, This indicates an instability catch or “clunk.” These are seen in the
examples shown in figures 11.3 and 11.4.

The first patient (fgure 11.3) hada "normal™ ROM and by eradigonal tests would have been
classed as “normal.” Yet during a lateral bend test (from neutral (7 w 23%), every dme the spine
bent laterally passing 17%, a small flexion hitch occurred in the flexion axis of a degree and a half.
This was rt_pmtah]c_ and oceurred every time the spine passed 17° of lateral bend. The point is
that the mation pathology was notin the lateral bend axis but was seen in the flexion axis. These
very subtle aberrant catches in the “off” axes are often missed during examination. The more
skilled clinicians see these with their eves or feel them with their hands.

In the second example (figure 11.4), 2 “clunk” or “catch”™ was observed in the flexion axis as
the patient flexed forward and passed 30°—this was repeatable and observed in every flexion
artermpe, lntereﬂinu;h, this instability catch, as well as associated pain, was cured with some
muscle patterning and sti Fﬁ.:nmg in a very short period of ime. Sometimes patients wall report pain
as the “catch™ occurs, and sometimes there is evidence of muscle activation bursts; but many
patients will simply move through the region. We use an electromagnetic instrument that
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Flexion Response Test
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Figure 11.3 This patient had a normal ROM but demonstrated an “instability cateh.” During a lateral bend test (from
neutral 0F o 23%), every time the spine bent laterally passing 172 {event &) (bi, a small flexion hitch of a degree and a
hali pccurred in the flexion axis (event B (2} This occurred every time the spine passed 17° of lateral bend . There was no
deviation in the twist axis (¢l The bottom curve represents the first derivative of the flexion curve, which we use to better
Incate instability. The spike tevent C) (d) clearly indicates the point at which the instability occurred in the flexion axis. In
this patient, a muscle activation pattern was identified that remaoved the clunk or catch.
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Figure 11.4 In this patient an instability catch or “clunk” occurred in the primary axis of motion (flexion). As he flexed,
the clunk was seen in the flexion axis at 307 {event A) fa). This occurred in every trial of forward flexion. The instability
is evident {event B) in the third derivative of the flexion axis motion (). The rehabilitation objective was to stabilize the
spine to eliminate the clunk. This was not fully successful over the short term. Symptoms resolved only when the patient
developed spine position awareness and was able to avoid flexion to 30°.
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tracks three-dimensional spine motion and graphi-
cally displays the results. Sometimes the catches are
so subtle that it is far more iluminating  take the
first derivative of the axis with the catch. Patients have
a much higher inadence of these catches (Peach and
MeGill, 1998) than normals, indicating instability.
Normals who demonstrate these “catches™ may be at
clevated risk for becoming patients according to the
aherrant motion model of Richardson and colleagues
(1999).

A final eample s very strilang. One patient armived
after secing many specalists who told him thar his
problems were in his head. He had intransigent sa-
stica and could not stand the weight of 2 bedsheet on
his foot. The specialists had treaved his foot! 1 asked
him what caused his pain and he started 1o wind
his upper wrso around. As he approached upright
standing I heard a grind and pop from his low back
and he yelled out in pain. Clearly he had a massive
spinal instalulity with a rapped lumbar nerve root
(see figures 11.5 and 11.6). Upon looking at his
motion and muscle electromyogram (EMG) data,
| could see that his spine became unstable when
the muscles shut down as he returned o an upright
posture, His nerves were highly sensitized, account-
ing for his seemingly bizarre (to others—not to us)
hehavior, We showed him some muscle bracing
patterns, which removed the audible clunk within
ahout four days. After rapid progress, he was pain
free in about three months. Bracing ook away the
daily irritation to the sensitized tissues. The bracing
then also allowed his tissues to desensitize. We have
done this time and time again with patients who have
had no success with other approaches—the approach
can be very sucvessful with these unstable patients. We
have many instances of these patients who are suicidal
with their pain and who have been wld it is in their
head. It is ragic.

Testing for Aberrant Motor Palterns
During Challenged Breathing

The test for aberrant motor patterns during heavy
breathing is rather sophisocated, but it & about the only
way o identify a person’s ability to maintam spine stabul-
ity during tasks that require higher physiological work
rates. Candidates for this type of test include ath-
letes and occupational workers such as construction
workers and warehouse emplovees. We explored the
link between breathing and spine sahility previously
(pages 186-187). Challenged breathing requires heavy
involvement of the abdominal muscles. Because we
monitor the muscles with EMG electrodes and
because muscle fatigue changes the EMG signal,
we avoid creating heavy lung ventilation with exer-
cise for this test. (Note thar this consideration is only
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Figure 11.5  {a) The three dimensional maotion of
the: lumbar is shown with the instability catch ocour-
ring as the patient returmed 1o an upright posture. ()
Observing the EMG records revealed that this was
the instance when muscle activation (and stiffness
and stability) was at a minimum,
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Figure 11.6 Teaching the patient (same patient as figure 11.5) the abdominal brace {a) removed the instability (b) as the patient rep-
licated the torso winding task that was formerly problematic.

CHALLENGED BREATHING TEST

Diuring this test the person breathes a 10% CO, gas mixture to elevate the
lung ventilation with only a few breaths, but the O, is adjusted so that
the light-headedness that accompanies hyperventilation does not occur,
Then a weight, usually about 15 kg (33 Ib] for the average man, is placed
in the hands while the torso is flexed forward about the hips to approxi-
mately 30°, This test reveals those who have aberrant motor patterns in
the abdominal muscles during challenged breathing that compromise
lumbar stability,
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tor testing and rhat we will inrentionally increase the physiological work rate tor exercises in
chaprer 13.)

Good spine stabilization patterns observed in the muscle EMG signal obtained during the
challenged breathing test include a constant musele cocontraction ensuring spine stability.
Figure 11.7, @ and b, shows stable and unstable patterns. Our computerized analysis package
measures spine stability using the methods explained in chaprer 6. Many clinicians will not have
this capability but should still leok for constant levels of abdominal wall activation. Patients
who are poor atstahilization in these situations will demonstrate short, temporary reductions in
activation or even loss of activation. These mark the critical instances ar which spine instability
can occur, and classify the person as a candidate for spine stahilization during high physiological
work rates. These patients must learn to contract the spine stabilization muscles independently
of challenged breathing to ensare spine stability in conditions of heavy work.

There are many other provocation tests and functional screens suited for more athletic
populations. Some are able to determine the starting load for serious resistance training while
others indicate basic movement flaws that must be corrected prior to rigorous training such as
with plyometrics, A few of these are shown in my book Uleimare Back Fitness and Performance
(2006).
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Figure 11.7  Good spine stabilization patterns during the €O, hn:;tthing fest include a constant muscle cocontraction,
which ensures spine stability. Both a) stable with constant muscle activation and {5) unstable variable abdominal muscle
activaltion patterns are shown.
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Testing Muscle Endurance

Several specific tests that can help you assess vour patients and plan the most appropriate
exercise are described i this section. You are the final judge as to which tests are relevant for
specific patients,

MUSCULAR ENDURANCE TESTS

While Biering-5orensen (1984) showed that decreased torso extensor endurance predicts those
whao are at greater risk of future back troubles, recent work has suggested that the balance of
endurance among the torso flexors, extensors, and lateral musculature better discriminates those
whao have had back troubles from those who have not. Because these three muscie groups are
involved in spine stability during virtually any task, the endurance should be measured in all
three, Simple tests that isolate these groups of muscles are difficult to find; | chose the follow-
ing tests because each was shown o have high reliability coefficients, at least .98 or higher,
when repeated over five consecutive days (MeGill, Childs, and Liebenson, 1999),

LATERAL MUSCULATURE TEST

The lateral musculature is tested with the person lying in the full side-bridge position. Legs
are extended, and the top foot is placed in front of the lower foot for support. Subjects sup-
port themselves on one elbow and on their feet while lifting their hips off the floor to create
a straight line over their body length, The uninvolved arm is held across the chest with the
hand placed on the opposite shoulder. Failure occurs when the person loses the straight-back
posture and the hip returns to the ground,

FLEXOR ENDURANCE TEST

Testing endurance of the flexors (rectus) begins with the person in a sil-up posture with the
hack resting against a jig angled at 55° from the floor (a). Both knees and hips are flexed 90°%
the: arms are folded across the chest with the hands placed on the opposite shoulder; and
toes are secured under toe straps, To begin, the jig is pulled back 10 cm (4 in.) and the person
halds the isometric posture as long as possible (b), Failure is determined to occur when any
part of the person’s back touches the jig.
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BACK EXTENSORS TEST

The back extensors.are tested in the “Biering-Sorensen position” with the upper body cantile-
vered out over the end of a test bench and with the pelvis, knees, and hips secured, The upper
limbs are held across the chest with the hands resting an the opposite shoulders. Failure occurs
when the upper body drops from the horizontal position.

Normative Data

Normative absolute endurance times collected from young healthy individuals are listed in table
11.1. Note that women have greater endurance than men in the extensors. Further, the flexar
endurance time (asa proportdon of the extensor endurance time) for healthy young men is about
B, while other tests have yielded lower ratios for healthy older men. McGill and colleagues
(2003) showed that the relationship of endurance among the anterior, lateral, and posterior
musculature is upset once back troubles begin (see table 11.2); that upset in the relationship
remains long after the symptoms have resolved. Typically, extensor endurance is diminished
relative to hoth the flexors and the lateral musculature in those with lingering troubles, A final
note regarding patient endurance testing: There is no need to exacerbate the pain in patients
with endurance testing, because their daily varation in pain will mvalidate their resules, Wit
until they are pain free. In additon, resist the urge to “train the tests.” Rather build endurance
with the reverse pyramid approach introduced in the section on endurance training (chapter
101y and with repeated sets of shorter-duration holds,

Table 11.1 Mean Endurance Times (sec) and Ratios Normalized
to the Extensor Endurance Test Score
Mean age 21 yrs imen: n = 92; women: n.= 137)

MEN WOMEN ALL
Task Mean | 5[ | Ratio | Mean | S0 | Ratio | Mean | S0 | Ratio
Extension 16l 61 1.0 | 185 60 1.0 | 173 62 1.8
Flexion 136 66 | D.84 | 134 81 0.72 | 134 76 | D77
RSB a5 32 059 | 75 3 040 | 83 33 0,48
LSB 99 37 | el 78 32 D42 86 36 | 050
Flexion/extension ratio 0.84 0.72 077
RSBEASE ratio 096 0.96 .96
R&SB/extension (.58 (.40 0.8
L5B/extension 0.e1 (.42 (.50

The ratios are determined for each individual and then averaged, They ane not derved simply by dividing the average scoros of the
FHLETAN
R5H = right side bridae; LsB = len side bridge
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Interpreting Endurance Scores

Interpreting absolute endurance is probably secondary 1o interpreting the relationship among
the three muscle groups (flexors, lateral, and extensors). Normally, the following discrepancies
sugwrest unbalanced endurance (note that the last ratio is a strength-to-endurance ratio).

Right-side bridge/left-side bridge endurance = 0.05
Flexon/extension endurance = 1.0
Side bridge (either side)/estension endurance = (1,73
Extensor strength (Nm)/extensor endurance (sec) > 4.0

Note that several scientists have applied these to special populations such as elive golfers. [t
appears that this group has higher lateral endurance than normal. Such special groups will not
conform to the “average scores.”

Table 11.2  Mean Endurance Times Comparing Normal Workers
With Those Who Have Had Back Disorders

Men, mean age 34 yr (inever had back troubles: n = 24; lost work due to LBD: n = 26) from the same
workplace, Variables that are significantly different between those with a histary and those who have
never had troubles have an asterisk, Note that all men were asymptomatic at the time of testing; these
are long-lingering deficits subsequent o back troubles.

HISTORY OF DISABLING
NO BACK TROUBLES BACK TROUBLES
Task Mean sD Ratio Mean sD Ratio
Extension 103 15 1.0 90 49 1.0
Flexion®* 6 23 064 B4 45 0,93
RSB 54 21 0,52 58 23 0.64
L5B 54 22 0.52 65 27 0.72
Flexion/extension ratio® 0.71 026 1.15 .66
R5B/LSE ratio® 1.05 0.32 0.93 022
RSB/extension® .57 0.29 0.97 1.20
L5B/extension® 0.58 025 1.0 1.6
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CHAPTER 12

Developing
the Exercise Program

he exercises described in this chapter compose a program founded on the principles discussed

in previous chapters. This program is sufficient for many patients and for those interested in
optimal back health, For those with performance ambitions, chapter 13 offers more advanced
versions. While 1 claim no expertise beyond the low back, I will broach other issues thar have
implications for the back. For example, improper technique when one is performing hip and
knee mobilization and strerching can compromise the back; for this reason [ have included them
here. Upon completion of this chapter you will be able 1o design exercise that challenges muscle
and establishes stabilizing motor patterns, but spares the spine, The focus here is clearly on the
patient and low back health for everyday activity.

Before presenting the exercises, I will review some of the basic ideas discussed in the text
thus far, estahlish how to stretch without stressing the back, clarify issues regarding abdominal
hollowing and bracing, and introduce the technique of fossing the nerve roots for those with
SCATICa.

Philosophy of Low Back Exercise Design

Many traditional notions that exercise professionals consider to be principles for exercise design,
particularly when dealing with the low back, may not be as well supported with data as generally
thought. As previously noted, many chinicians still preseribe sit-ups—usually with the proviso
that the knees remain bent. The resultant spinal loading of well over 3000 N of compression
to a fully flexed lumbar spine clearly shows the folly of such a recommendation. Orher experts
still recommend the posterior pelvie tlt when performing many types of low back exercise.
This actually increases the risk of injury by flexing the lumbar joints and loading passive tissues.
The recommendation of flactening the lumbar region to the floor when performing ahdominal
exercise is another version of this ill-founded philosophy. Many continue to believe that having
stronger back and abdominal muscles is protective and reduces bad back episodes, even though
Luoto and colleagues (1993), among others, showed thar muscle endurance, not strength, is
more protective. This should not be misinterpreted to mean that having stronger muscles 15
not a good objective; rather, it reflects on many of the strength training approaches currently
used that create back patients. Myths still remain regarding the need for greater lumbar maohil-
ity, which the evidence suggests leads to more back roubles—not less (e.g., Biering-Sorensen,
1984 Finally, we are disturbed by the Ficr that replicating the motion and spine loads that oceur
during the use of many low back extensor machines, intended as training and therapy, produced
dise herniations when applied to spines in our laboratory!
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Clinical Wisdom

Clearly, some current clinical wisdom needs to be reexamined in the light of the scientific evi-
dence, much of which has been presented in this hook. This evidence seems to indicare that the
safest and most mechanically justifiable approach m enhancing lumbar stability through exercise
is to emphasize endurance over strength, Clinicians using such an approach should encourage
patients to maintain a neutral spine posture when under load and use abdominal cocontraction
and bracing in a functonal way. The bodybuilding approach often used in rehabilitation is not
synanyimous with health objectives and results in additional risk to create joint loading through
a range of motion and the often simple motor patterns that are not optimal for ensuring joint
stabiliry.

Sparing the Back While Stretching the Hips and Knees

Ciiven that spasms in the psoas, which produce a shortening and hip extension restriction, are
common in those with back troubles (MeGill ecal,, 2003), these people would probably benetit
trom hip strerching and other range of motion exercises. Sometimes, however, poor technique
during the stretching of hip and knee tissues leads to unnecessary loading of the lumbar spine,
This can easily he avoided by changing technique. A general guideline for sparing the hack is
to maintain an upright torso posture while performing hip and knee work, Preservation of a
neutral spine ensures minimal loading from passive tissues. An upright torso minimizes the
reaction torques, the associated muscle contraction, and spine load. Abdominal bracing o
an appropriate level is sometimes required for pain control. For example, lunges are a good
exercise for challenging strength, endurance, balance, and mobility in the lower extremities.
Lower extremity capability is needed to facilitate spine-sparing postures when lifting and when
performing a host of other tasks.

The technique for sparing the back is to maintin an upright torso posture while performing
the lunge (see figure 12.1). Some clinicians recommend keeping the back leg straight, which
causes patients to flex the torse forward. This is poor form for sparing the hack (see figure 12.2),
A general principle is to keep the torso upright with a neutral lumbar spine while stretching

Figure 12.1  The spine is spared performing
the lunge by maintaining an upright torso and
a neutral spine curvature.

Figure 12.2 Some clinicians recommend
keeping the back leg straight while perform-
ing lunges, which causes patients to flex the
torso forward. This is poor form for sparing
the back.
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joints other than the back. Figure 12.3, # and b, for example, shows spine sparring postures for
stretching the quads and the hip adductors, respectively. Finally, the lunge with a neutral spine
stretches iliacus more than psoas (iliacus is a uniarticular muscle that crosses only the hip). Full
stretch on the psoas requires 3 lateral bend of the torso away from the extended hip, but this is
reserved for the more robust backs (see figure 12.4, a-f).

Figure 12,3 During stretching at joints other than the back, the spine is spared by maintaining
the upright torso and neutral spine curve. (a) When stretching the quads, holding a chair for bal-
ance is a good way to ensure a straight back. (b, ¢) This person has sufficient hip flexion mohility
to ensure an upright torso and a neutral spine. Individuals who are unable to maintain this spine
posture should forgo this exercise until they can achieve the required hip flexion mohility. () Poor
techrique is also shown,
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Figure 12.4  Given the uniarticular iliacus and the multiarticular psoas that crosses the hip and entire
lumbar spine, a true psoas stretch requires the torso to be laterally bent away from the extended
hip; this is an advanced stretch for the more robust backs.

Flossing the Nerve Roots for Those
With Accompanying Sciatica

Before presenting the flossing technique for sciatica, some background is required regarding
the hiomechanics and biochemistry of the spinal cord and nerves.

Excessive tension in the nerve is the cause of sciatica. Normally, the cord nerve roots travel
through the foramenae of the neural arch of each vertebra, and their sliding excursions are
substantial with spine flexion, hip flexion, and knee exrension. According to Louis (1981), the
nerve can travel well over a centimeter (over 1/2 in.) during some of these movements, Thus, if
a nerve root is impinged and cannot slide, any of these postures that would normally pull that
nerve root through the foramen will increase nerve rension. Instead of moving, the nerve is
strecched. Fuarther, tension on suech a nerve ‘can be inereased from the cramal end wich simul-
taneous cervical Aexion because the entire spinal cord moves slightly with cervical Rexion and
thus pulls ar the nerve roots all along its length. This is the basis for the modified leg raise test
for nerve tension presented in chapter 11.

Recently, scientists have suggested that nerves have the ability wo create their own pathways
as long as they can move, They seem to have some chemically hased ability to dissolve—aover
time—tissues impinging them. The idea of “fossing” is to pull the cord and nerves from one
end only while releasing at the other, and then to switch the pull and release direction. In this
way the nerve roots are “flossed” through the lateral foramenae and in fact along their entire
length. Thus, by working the nerves back and forth in whatever limited range they can manage
in spite of impingement, we facilitate the dissolving of the impingement and the gradual release
of the nerve to ance again move freely (this approach was proposed by Butler, 1999), This lloss-
ing action is accomplished with coordinated hip, knee, and cervical motion.

A note of caution is needed here: While this can be wonderful in helping chronie sciadea
resolution, it can also cause an acute onset, Be very conservative in the first session. 1 the nerve is
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adhered sothat it can't slide, the sciatic sympoms will be exacerbated, However, if the patient reports
novchange or even relief the next day, then proceed 1o increase the flossing. Monitor all patients and
remove the procedure from the programs of any patients whose symptoms worsen,

FLOSSING

The patient, seated and with the legs able 1o swing freely,
flexes the cervical spine fa). This creates a pull on the spinal
cord from the cranial end and a release from the caudal end.
This should not produce sciatic symptoms (see the discussion
of the modified leg raise test in chapter 11). Then, the patient
extends the cervical spine with simultaneous knee extension
on the side with sciatica (b). This pulls the nerve from the
caudal end with a corresponding release at the cranial end.
The cycle is completed as the knee is flexed with coordinated
meotion of the cervical spine flexing. This causes the nerves to
floss through the vertebral tissues. If the patient experiences
minor sciatic symptoms when the cervical spine is flexed or the
knee is extended, then the patient should reduce the range of
maotion at these joints until no pain s provoked. Some patients
who have suffered sciatica pain for years report redductions in
their sciatic symptoms within a few daysto a couple of weeks;
others report increasing symptoms.

TECHNIQUE TIPS

*  Aliptoenhance efficacy is to first adopt a posture that
relieves impingement. For example, the patient with a
disc bulge who is able to reduce the bulge by adopting
a prone extension posture {such as shown in McKenzie
posture tests in chapter 11 on pages 193-194) should
do so for a few minutes prior to flossing. Then adopt
the posture with the longest reflex response discussed
on pages 196 and 197,

s The motion should be slow (with a flexion-extension
cycle lasting about 5 seconds), but most importantly
coordinated, to create floss rather than length change
in the neural tract,

* Begin by performing 10 repetitions with each leg. Then,
if symptoms are not exacerbated, perform several times
per day, Do not perform flossing within 2 hours after rising from bed.

Identifying Safe and Effective Exercises

After a brief review of the muscles that stabilize the spine, we will have a look at exercises for
training those muscles. While many muscles have been regarded as primary spine stahilizers,
confirmation of their role requires two levels of analysis. The first is engineering—stability
analysis must be conducted on anatomically rabust spine models to document the ability of each
component to stffen and stabilize. Second, elecromyographic recordings of all muscles (even
deep muscles requiring intramuscular electrodes) are necessary to confirm the extent to which
the motor control system involves each muscle o ensure sufficient stahility.

Identifving safe and effective exercises for low back stahilization is a several-step process:
incorporating and patterning the muscles involved in spine stability; eliminating unsafe excroises;
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and selecting or devising exercises that appropriately challenge the selected muscles at the dif-
terent stages of rehahilitation and condirioning.

Incorporating and Patterning the Muscles

O intramuscular and surface elecoromyography (EMG) and modehing studies o quandfy
spine stability demonstrated that virtually all torso muscles play a role in stabilization. (Some
data were presented in chapter 5.) While the back extensors and the abdominal wall all appear
to play significant roles, the quadraws lumborum also appears to play an important role in
imaty tasks. The fibers of quadratus lumboram cross-link the vertebrae; they have a large lateral
moment arm via the transverse process attachments; and they traverse between the rib cage and
iliac crests. In this way, the quadrarus huttresses shear instability and appears to be effective in
all loading modes, by its architectural design. Typically, the first mode of lumbar buckling is
lateral; the quadratus appears to play a significant role in local lateral buttressing. The three
layers of the abdominal wall are also important for stability together with the muscles that artach
directly to vertebrae—the multisegmented longissimus and iliocostalis and the unisegmental
multifidii. Cholewicki and McGill (1996) also presented an argument for the role of the small
intertransversarii in producing small but critical stabilizing forces. As well, latissimus dorsi
plays a major stabilizing role in many lifdng tasks (Kaveie e al,, 2004). On the other hand,
psoas activation appears to have lintle relatonship with low back demands; the motor control
system activates it when hip flexor moment is required (see Andersson er al., 199, and Juker
etal., 1998), limiting its role in stabilizing the spine when hip flexion is not involved. But when
corresponding hip flexion is demanded, psoas becomes an important spine stabilizer via shear
stiffness and compression,

Eliminating Unsafe Exercises

Quantitative dara have confirmed that no single abdominal exercise challenges all of the abdomi-
nal musculature while sparing the back (Axler and MeGill, 1997). For this reason, more than
one single exercise is required. Unfortunately, many inappropriate exercises have often been
prescribed for peaple with low back difficulties, including the following:

* Sit-ups (both straighr leg and hent knee) are characterized by higher psoas activation, with
comsequent high low back compressive loads that exceed the National Institute for Oceupational
Safety and Health (NTOSH) oceupational guidelines,

* Leg raises cause even higher psoas activation and spine compression (actual values were
presented in chaprer 5).

* Most traditional extensor exercises are characterized by very high spine loads, which
result from externally applied compressive and shear forces (from either free weights or resis-
rance machines). A commonly prescribed spine extensor muscle challenge involves lving prone
while extending the arms and legs (see figure 12.5), This results in over 6000 N of compres-
sion to a hyperextended spine, transfers load to the facets, and erushes the interspinous liga-
ment. Needless o say, this exercise is contraindicated for anyone at risk of low back injury—uor
reinjury! Although some may believe that putting the hands on either side of the head rather
than extending them may make this exercise safe, that is not true, This exercise should be nor
be done in any form, Further, recall that the mechanism for dise herniation 1s reproduced by
back machines that take the lumbar spine from full flexion and through the range of motion
under load from muscle contraction.

In our investigations we made several relevant observations regarding psoas activation during
abdominal exercises. The challenge to the psoas is lowest during curl-ups, followed by higher
levels during the horizontal side bridge. Bent-knee sit-ups were characterized by larger psoas
activation than straight-leg sit-ups, and the highest psoas activity was observed during leg raises
and hand-on-knee flexor 1sometric exertions. The often-recommended “press-heels” sit-up,
which has been hypothesized to activate hamstrings and neurally inhibit psoas, was actually
confirmed to increase psoas activation! (See figure 12.6.) (Original data can be found in Juker
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Figure 12.5 A commanly prescribed spine extensor muscle challenge involves lving prone while
extending the arms and legs. This results in over 6000 N of compression to a hyperextended spine.
It is a poorly desigried exercise.

Figure 12.6  The press-heels sit-up was proposed by several clinical groups, on theoretical grounds, ta inhibit psoas by
activating the hamstrings. In fact, EMG assessment (Juker et al., 1998) proved this to be mythical, This ariginal photo from the
intramuseular experiments shaws the clinician’s hands behind the heels of the subject as the hamstrings are being activated
during the sit-up. Activating the hamstrings creates a hip extensor moment, and sit-ups require hip flexion. During this type
of sit-up, the psoas is activated to even higher levels to overcome the extensor moment from the hamstrings and produce a
et flexar moment, This type of sit-up produced the highest level of psoas activation of any siyle of sil-up we quantified!

Upper and Lower Rectus Abdominis?

Myoelectric evidence, normalized and calibrated, suggests that there is no functional distinction between an
“upper” and “lower” rectus abdominis in most people; in contrast, the obliques are regionally activated with
upper and lower nearomuscular compartments as well as medial and lateral components, There are, however,
some highly trained individuals who are able to create small differences in activation. Yet these differences
are anly at very low levels of activation and occur during what would be considered nonfunctional tasks, for
example belly dancing (Moreside et al., in press),
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et al., 1998, some clinicians and coaches who intentionally wish to train psoas will find these
dara informative.) Once again, the horizontal side bridge appears to have merit as it challenges
the lateral obliques and transverse abdominis without high lumbar compressive loading and
ensures a high stability index (a loss of contraction of the involved muscles would cause the
patient to fall out of the bridge).

Selecting Safe and Effective Exercises

A wise choice for stabilization exercises in the early stages of training or rehabilitation, and for
simple low back health objectives, would be the “big three” that we have guantified o sufficiently
challenge muscle, spare the spine of high load, and ensure sufficient stability:

s Curl-ups for rectus abdominis

*  Several variations of the side bridge for the obliques, transverse ahdominis, and quadra-

Low Back Disorders

TS
*  Leg and arm extensions leading ro progressions of the “hird dog” for the many back
EXTENSOTS
The variation of each of these exercises must 2
be chosen with the patent’s or athlete’s starus x

and goals in mind.

* Curl-ups: training rectus abdominis,
Calibrated intramuscular and surface EMG evi-
dence suggests that the various types of curl-ups
challenge mainly rectus abdominis since psoas and
abdominal wall (internal and external oblique and g
rransverse abdominis) activity is relatively low (see

tables in chapter 5 for relanve activation levels in
a varicty of exercise tasks). Curl-ups performed
with poor technique, however, can be counter-
productive, either failing to activate the recros
ahdominis sufficiently or overstressing the spine
(see figure 12.7, a-b). Curl-ups with a twisting
motion are expensive in terms of lumbar com-
pression due to the additional obligue challenge.
Higher oblique actvation with lower spine load is

b

accomplished with the side bridge, which is there-

fore preferred over twisting curl-ups for training
the obliques. This will be presented in the next
section. The highest-level curl-up is presented in
chapter 13.

» Side bridees: training the guadratus
tumboram, lateral obligues, and transverse

Figure 12.7 (al Poor form during the curl-up is to flex
the cervical spine, loading the neck and not the rectus. (b)
Another common type of poor form is to elevate the head
and shoulders a large distance off the floor, This patient is
elevating far too much, which is closer to replicating the
much higher stresses of the sit-up. The intention is to acti-
vate rectus and not ta produce lumbar spine motion.

atbdomeiniy. Given the architeerural and EMG
evidence for the quadratus lumborum, trans-
verse ahdominis, and abdominal obliques as spine stabilizers, the optimal technique to maximize
activation but mmunize the spine load appears to be the side bridge. Abdominal bracing is
emphasized in all forms of this exercise. Mainmining the bridze ensures constant muscle acti-
vation while the brace introduces new combinations of muscle recruitment to ensure stability.
It 15 almost impossible for the spine to become unstable while performing a side bridge with a
neutral spine.

* Bird dogs: training the back extensors. In our search for methods to activate the exten-
sors (including longissimus, iliocostalis, and muoltifidil) with minimal spine loading, we have
found that the single-leg extension hold results in tolerable spine loading (<2500 N) for many
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and activates one side of the lumbar extensors to approximately 18% of maximal voluntary
eontraction (MVC). Simultaneous leg extension with contralateral arm raise (the “hird dog™)
increases the unilateral extensor muscle challenge (approximately 27% MVC in one side
of the lumbar extensors and 45% MVC in the other side of the thoracic extensors) but
also increases lumbar compression to well over 3000 N (Callaghan, Gunning, and McGill,
1994). This exercise can be enhanced with abdominal bracing and deliberate mental imag-
ing of activation of each level of the local extensors. Onee again, technique for challenging
the extensors should be guided by the patient’s status and goals. This is an individual clinical
decision,

Beginner’s Program for Stabilization: A Sample

Now that vou are familiar with some specific recommended low back exercises, bow do vou put
these together to create the best possible program for your patient? Assuming that there were
no particular indicators obrained during provocative testing thar would contraindicare heginning
with a typical progression, we recommend considering the following sequence:

I. Begin with the flexion-extension cycles, also called the cat/camel motion (see figure
12.8, a-k), to reduce spine viscosity. Note that the cat/camel is intended as 3 motion
gxercise, not a stretch, so the emphasis is on motion rather than “pushing” at the
end ranges of flexion and extension. We have found that five or six eveles are often suf-
ficient to reduce most viscous stresses—addi-
tional cycles rarely reduce viscous friction
turther. Thaose with sciatica may find increased
symptoms during the fexion phase. Use
pain to guide the suitable pain-free range of
motion,

Pt

. Perform slow partial squars in which the pelvis
is directed downward and posterior along a
4357 line. The spine has no motion (see “Potty
Squat” page 179).

3. Sciatic pain sufferers may try the nerve-
flossing technique following a posture that
relieves neural tension,

4. These motions are followed by anterior
abdominal exercises, namely, appropriate curl-
ups.

5. Lateral musculature exercises follow, namely,
the side bridge for quadramus lumborom and
the muscles of the abdominal wall for optimal
stability.

6. ‘The extensor program consists of leg exten-
sioms and the bird dog.

In general, we recommend that the isometric holds
performed in the carl-ups, bridges, and bird dogs be
no longer than 7 or 8 seconds, given recent evidence
from near infrared spectroscopy indicating rapid loss
of available oxygen in torso muscles contracting at
these levels. Short relaxation of the muscle restores
oxygen (McGill, Hughson, and Parks, 20000, The  Figure 12.8  Cat'camel exercise. Note that this is a
endurance objectives are achieved by building up  motion exercise and not a stretch; do not push at the
repetitions of the exertions rather than by increasing  end range of motion, Viscosity is measurably reduced
the duration of each hold. after just a few cycles,
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Motivated by the evidence for the superiority of extensor endurance over strength as a bench-
mark for good back health, we documented normal ratios of endurance times for the torso flexors
relative to the extensors and lateral muscolature (see chapter 11). Use these values to identify
endurance deficits—both absolute values and for one muscle group relative to another—and to
establish reasonable endurance goals for your patients,

A Crucial Note to Clinicians

Insistence on perfect technique will allow the patient to reach much higher levels of challenge
without pain. Do not allow spine deviation such as lumbar flattening to the floor or loss of
neutral during holding of any stabilizing posture. Constant postural correction is necessary in
some patients. Finding the optimal dosage of load is also eritical. Keep correcting to eliminate
any pain,

Exercises That May Be Used
in a Stabilization Program

The hasic “hig three” exercises have been found to be the exercises that are the most effective
in working with patients with low back troubles,

BEGINNER’S THROUGH ADVANCED CURL-UPS

This series of curl-ups, along with neck strengthening isometric exercises for the neck (as
necessary), provides a good foundation for a strong rectus abdominis.

BEGINNER'S CURL-UP

The curl-up technigue is critical to spare the spine. The basic starting posture is supine with the
hands supporting the lumbar region. Do not flatten the back to the floor, which takes the
spine out of elastic equilibrium and raises the stresses in the passive tissues, While the posi-
tion of elastic equilibrium is desired in the
lumbar region, the hands can be adjusted
to minimize pain if needed. One leg is bent
with the knee flexed to 90% while the other
leg remains relaxed on the floor. This adds
further torque to the pelvis to prevent the
lumbar spine from flattening to the floor.
The focus of the rotation is in the thoracic
spine; many tend to flex the cervical spine, a
which is poor technique. Rather, picture
the head and neck as a rigid block on the
thoracic spine. No cervical motion should
occur—either chin poking or chin tucking,
The intention is to activate rectus and the
obliques and not to produce spine motion.
Individuals who report neck discomfort
may try the isometric exercises for the
neck that follow. In addition, particularly
for patients experiencing neck discomfort,
the tongue should be placed on the roof of the mouth behind the front teeth and pushed
upward, which helps to promote stabilizing neck muscle patterns. Patients should leave
the elbows on the floor while elevating the head and shoulders a shont distance off the floor.

b
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The rotation is focused in the midthoracic region. The head and neck unit is locked onto the
rib cage.

Shown in the photos are fa) a very mild form of the curl-up is to just lake the weight off
the head and shoulders with almost no motion (G) while more challenge is obtained with
raising the head and shoulders but focusing the motion to the thoracic spine with no cervical
or lumbar flexion.

ISOMETRIC EXERCISES FOR THE NECK

Those who experience neck symptoms with curl-ups may find relief by building the neck with
isometric exercises. In all of these exercises the head and neck unit does not move, and the
tongue is placed on the roof of the mouth behind the front teeth: (a) The hands are placed on
the forehead, which resists neck flexion effort; (b the hand is placed on the side of the head
1o resist cervical side flexion effort, and then repeated on the ather side; (c) the hands are
placed on the back of the head to resist cervical extension effort. Hold for several seconds,
then relax, building up endurance and grooving stabilizing motor patterns by increasing the
repetitions of the hold-relax cycles. (Believe it or not, some patients try this while chewing
gum, which makes the grooving of stabilizing patterns impossible.)

CURL-UP, INTERMEDIATE

The intermediate progression of the curl-up is to raise the elbows a couple of centimeters so
that the arms do not pry the shoulders up, thus shifting more load to the rectus. Do not raise
the head and neck any higher than in the beginner’s curl-up.
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CURL-UP, ADVANCED

An advanced curl-up requires prebracing of the abdominal wall. The resistance is provided
by the brace, and no additional motion takes place. This can be facilitated and learned with
fascial raking by a clinician. Deep breathing is also added to train the diaphragm to function
independently of the stabilizing abdominal musculature. The head and neck must move as a
unit, maintaining their rigid-block position on the thoracic spine.

Side bridpes are excellent exercises to challenge the imporeant stabilizers of quadratus lum-
borum, latissimus dorsi, and the abdominal obligues, while sparring the spine of high loads.
While there are several forms that comprise 4 logical progression, each form is characterized
by a neutral spine with the rib cage locked o the pelvis.

SIDE BRIDGE, REMEDIAL

Many special patient cases deserve consideration—for example, the chronic patient who is
quite deconditioned, These patients are sometimes unable to perform the side bridge even from
the knees, Start these people with a side bridge while standing against a wall. Instruct them to
move smoothly from the beginning position () through the intermediate position (b) to the
final position (c), in one flowing motion. The patient should pivot over the toes, as if periorm-
ing a fluid dance move, Cueing from the clinician may include feedback from the heels of the
hand on the pelvis and the fingertips on the rig cage to eliminate lumbar motion,

Once patients graduate to the floor, they can spare the spine by beginning (d) with the knees
and hips guite flexed and maoving into the side-bridge posture with an accordion-like unfolding
of the legs (or a hip hinge squat), all the time (e keeping a braced neutral spine. Never allow
the patient to (f} slump into a deviated posture.

Another type of patient is the foothall player whose shoulders are so painful he cannot loler-
ate the shoulder load (some elderly women also fall into this patient group). These patients can
perform a modified side bridge by lying on the floor and attempting to raise the legs laterally
{g. h) or simply attempting to take the weight off the legs.

Anather option for patients with shoulders that cannot tolerate load is to stand on a 45°
bench with the feet anchored (i), which spares the shoulders,

Using other devices, the torso can be either elevated from the pad ¢, k) or bridged with
the shoulder (f}.
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SIDE BRIDGE, BEGINNER'S THROUGH ADVANCED

Once your client is comfortable performing the final remedial side bridge, the client may move
on to the beginner’s through advanced side-bridge progression.

BEGINNER'S SIDE BRIDGE

Beginners bridge from the knees. In the beginning
position, the exerciser is on the side, supported by the
elbow and hip. The knees are bent to 90°, Placing the
free hand (the hand and fingers are spread and cap
over the deltoid) on the opposite shoulder and pulling
down robustly on it will help stabilize the shoulder.
The tarso is straightened until the body is supported
on the elbow and the knee, with some input from the
lewer leg. The beginner's side bridge can be slightly
advanced by placing the free arm along the side of the
torso—effectively placing more load on the bridge.

INTERMEDIATE SIDE BRIDGE

The beginning position for the intermediate side bridge
is like that for the beginner, except that the legs are
straight. The torso is straightened until the body is
supparted on the elbow and feet (see photol. When
supported in this way, the lumbar compression is a
madest 2500 N, bul the quadratus closest to the floor
appears to be active up to 50% of MVC (this is a pre-
ferred exercise for the obligues since they experience
similar levels of activation).

INTERMEDIATE VARIATION ON SIDE BRIDGE

Placing the upper leg and foot in front of the lower leg and foot will enable longitudinal “rolling”
of the torso to challenge both anterior (a) and posterior (b) portions of the abdominal wall.

ADVANCED SIDE BRIDGE

Advanced technigque to enhance the motor challenge of the side bridge is 1o transfer from one
elbow to the other while abdominally bracing (a-c) rather than repeatedly hiking the hips off
the: floor into the bridge position, Ensure that the rib cage is braced to the pelvis and that this
rigidity is maintained through the full roll from one side to the other fa, b). The clinician may
cue the patient by placing the heel of the hand on the iliac crest with the fingers touching the
rib cage, This effort to ensure that the pelvis does not lead the rib cage during rolling makes
the exercise more challenging, and safer for the spine. Poor form is shown in . Still higher
levels of activation would be reached with the feet on a labile surface (Vera-Garcia, Grenier,
and McGill, 2000}, This is technigue reserved for the athletic back.
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Clinicians should remember to emphasize abdominal bracing and a newtral spine throughout
all versions of this final of the “big three” exercises, namely the bird dog. Poor form includes
“hip hiking” or any other configuration that causes deviation (twist, flexion, or lateral bending)
to the spine (see figure 12.9, a-f).

Figure 12,9 Common mistakes made in the bird dog are (a; “hiking” the hip, which twists the spine, and (b)) not achiev-
ing a neutral spine—a flexed posture is shown here,
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REMEDIAL THROUGH ADVANCED BIRD DOG

Recall that the basic hird dog trains the extensor muscles, even though the abdominals are
consciously activated to control and maintain the neutral spine posture. As always, progres-
sion based on each patient’s unique needs and responses to exercise, along with insistence on
correct form, is indispensable to ensuring that the patient experiences strength and endurance
gains without injury.

REMEDIAL BIRD DOG

The starting position is on the hands and knees with the hands under the shoulders and the
knees directly under the hips (a). For the patient with a very deconditioned back, this exercise
involves simply lifting a hand or knee about an inch off the floor (b). After the patient is able
ta raise a hand or knee without pain, it is appropriate o progress to raising the opposite hand
and knee simultaneously.

BEGINNER'S BIRD DOG
The progression continues with raising one leg or one arm at a time,

INTERMEDIATE BIRD DOG

The intermediate bird dog is achieved when the patient is able to raise the opposite arm and
leg simultaneausly, Raising either the arm or the leg past horizontal should be avoided, The
objective is to be able to hold the limbs parallel to the floor for about 6 to 8 secands. Good
iorm includes a neutral spine with no spine motion and abdominal bracing.
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ADVANCED BIRD DOG

To develop the motor control challenge further, the patient should not rest by placing the hand
and knee to the floor after each holding repetition. Rather, after extending the normal bird dog
position (a), the patient should “sweep” the floor with the hand and knee so that no weight is
borne by either. The patient is shown beginning the sweep (b, at the innermaost point of the
sweep (c/), and coming back out of the sweep (d), The patient then extends the active limbs
back out into the bird dog position (e), This technique also allows muscles to reoxygenate
with each “sweep” cycle (IMcGill, Hughson, and Parks, 2000). Finally, the raised hand and
arm should be stiffened with cocontraction including the shoulder. With focus on the upper
back, these muscles (thoracic longissimus and lliocostalis) are facilitated to a higher level of
contraction.
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Advanced Exercises

he beginner’s program described in chapter 12 should be sufficient for daily spine health.
Several situations, however, may call for further training:

*  Certain occupational tasks with specific demands that require unique preparation and
training

*  Some athletic endeavors that demand higher challenges of low back training (although
this is achieved with much higher risk of tissue damage from overload)

*  Some patients who, as they progress with the isometric stabilization exercises described
in chapter 12, want to continue increasing the challenge
This chapter will introduce some examples of how to increase low back challenges safely,
how to address specific worker and athletic concerns regarding advanced training, and some
ideas about the next steps to be taken in the study of low back rehabilitation and training. Bue
advanced training is a complex ropic that cannot be adequately addressed in a single chaprer.
For the interested reader I have written Ultimeate Back Fitness and Peformance (2006), a detailed
book on advanced exercise for the back.
The previous chapter covered exercises that accomplish the goals of the first three stages of
progressing exercise. This chapter introduces a few notions about stages 4 and 5. Recall:
*  Stge 1: Groove motion patterns, motor patterns, and corrective exercise.
- Identify perturbed patterns and develop appropriate corrective exercise.

- Address basic movement parterns through to complex activiry-specific
patterns,

- Address basic balance challenges through to complex and specific balance
environments.

*  Stage 2: Build whole-body and joint stability (focus on spine stability here).
- Build stability while sparing the joints.
- Ensure sufficient stahility commensurate to the demands of the task.
- Transfer the patterns into application during daily activities,
*  Stage 3: Increase endurance.
- Address basic endurance training to ensure the capacity needed for
stabilization.
- Address actvity-specific endurance (duration, intensity).
- Build the hase for eventual performance training (only in those with this goal),
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s Stage 4; Build strength,
- Spare the joints while maximizing neuromuscular compartment challenge.
- Progress o skill movements.

*  Stage 5: Develop speed, power, aglicy.
- Develop ultimate performance with the foundation laid in stages 1 through 4.
- Focus on optimizing elastic energy storage and recovery,

- Employ the rechniques of superstifiness.

Safely Increasing Challenges

To optimize patient safety, the clinician must be aware of issues associated with training on labile
surfaces and with machines, and how to progress the “hig three” exercises described in chaprer
12 (curl-ups, side bridges, and leg and arm extensions) to their highest level. Some guidance 15
provided here.

Labile Surfaces
and Resistance Training Machines

Not all clinicians are aware of the factors they should take into account
when deciding whether to prescribe exercise using labile surfaces or
machines. Following are guidelines about both of these issues.

» Training with labile sarfaces. Challenges to the spine during daily
activity include maintaining stability during statie, steady-state postures;
unexpected loading events; and planned dynamic or ballistic movement.
This has motivated some clinicians to recomimend exercising on labile
surfaces such as gym balls. Certainly, these labile surfaces challenge the
motor system to meet the dynamic tasks of daily living or specific athletic
activities and can be very helpful for advanced training. Bor might this
type of rraining be of concern for some patients? Our recent quantifica-
tion of elevated spine loads and muscle coactivation when performing
a curl-up on labile surfaces (Vera-Carcia, Gremer, and McGall, 20000
suggests that the rehabilitation program should begin on stable surfaces. In
this case, we assessed the simple curl-up for the effect of a labile surface on
muscle activation patterns (see fgure 13.1, a-d). Simply moving from a stable
surface toa labile surface cavsed much more cocontraction, which in many
cases virtually doubled the spine load (see figure 13.2). The practice of
placing patients on labile surfaces early in the rehabilitative program can
delay improvement by causing exacerbating spine loads. We therefore
suggest beginning exercises on a stable surface and establishing a positive
slope to improvement. Inoroduce labile surfaces judiciously only once the
patient has achieved spine stability and sufficiently restored load-bearing
capacity, and can tolerate additional compression. This same principle — :
can be extended to sitting. Sitting on a gym ball greatly elevates spine Figure 13.1 The simple curl-up
load through increased muscle coactivation. For this reason, nonpatients  Was assessed for the efiect of a
should avoid prolonged sitting on gym balls, and patients should use them ~ 1abile surface on muscle activa-
only once they have achieved spine stability and increased load-bearing tion patterns. The percent of

i AR . maximal voluntary contraction
capacity. There is a time and a place for labile surfaces. it ek
5o P (% MVC) in the rectus abdominis

* Training with machines and equipment. Generally, the goal of 0 d cvrernal and inmernal obligues
establishing stabilizing motor patterns requires the individual to support — c4ced by simply moving from (a)
body weight and coordinate the stabilization of all joints involved inthe 4 gtable surface to (b-d) varying
task. In other words, it is a whole-body, even whele-person, endeavor.  types of labile surfaces is shown
Many training machines, on the other hand, are made to isolate a specific i figure 13.2.
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joint. Since neither workers nor athletes perform their tasks in
this arificially stabilized manner, these types of motor patrerns
may not be transferable and, worse, may cause inappropriate
grooving of motor and motion patterns. The only time machines
that isolate joints can be helpful is when an injury 1o a specific
body part requires its protection during rehabilitative training.
Some incorrectly believe that isolating a joint somehow reduces
the loading and thus reduces the risk, Consider, for example,
the typical extensor benches or Roman chair, which generally
impose twice the muscle loading than results from performing
the bird dog since both right and left sides of the lumbar and
the thoracic extensors are activated (see figure 13.3). Patients
who must use machines should consider certain back-sparing
techniques. The leg press rack, for example, sometimes causes
the pelvis to rotate away from the back rest when the weight is
lowered. The resultant lumbar flexion produces herniating con-
ditions for the disc! If patients must use this exercise, we suggest
they use just one leg at a time to ensure that the pelvis remains in
contact with the back pad and that they preserve a neatral spine
(see figure 13.4). Having stated this, however, we would never
attempt to groove these motor patterns in any of our programs;
they are nonfunctional except for leg-pushing a weight up a
ramp!

For the purposes of this discussion, cables ro weight stacks are
not considered machines since they do not isolate joint motion
and adi resistance to whole-body motion patterns, One exercise
that enhances the ability to stabilize the spine is the cable pull-
down. This exercise, when the handlebar is brought down w
the chest (rather than the back, which is traditional technique),
challenges the latissimus dorsi and other stabilizers (see Cable
Pull-Dowmns for Lumiar: Stabilizarion, page 238 ). As we will see
in a subsequent sectomn, these types of exercises form a part of a
performance-hased program.

&0
[l
404
Elﬂ
O ap ]
E 1
=3

{Postures shown in figura 13.1)

B Rectus abdominis
B External obligue
O Internal obligue

Figure 13.2  The % MVC caused by each
of the postures shown in figure 13.1. A
curl-up with the body over a ball and the
feet on the floor (figure 13.1c) virtually
doubles the abdominal muscle activation
seer in a cutl-up on a stable surface (figure
13.1a) and, correspondingly, the spine
load. Note that the % MVC required of
the three muscles studied is also much
higher in curl-ups with the body over
a ball and the feet on a bench {figure
13.1b} and with the body on a wobble
board tfigure 13.1d) rather than on a
stable surface. Clearly, a gym ball can
be wonderful for advanced training bul
is contraindicated for many patients.

Figure 13.3  The typical back extensor devices will impose
generally twice the muscle loading of the bird dog since
bath right and left sides of the lumbar and the thoracic exten-
sors are activated. These may be necessary for some types
of performance training, but they are ill-advised for most
patients because of the spine compression and motion.

Figure 13.4  For back patients who have compromised hip
flexion, lowering the weight sometimes causes the pelvis
to rotate away from the back rest. This also can occur if
the weight is lowered too far. This creates a nonfunctional
motor pattern. Further, this produces herniating conditions
for the disc! One legged-standing squats are far superior
in every measurable aspect!
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Safely Progressing Back Exercises

The l::l.l.rl-ups., sidle bridges, and bird dogs pictured in chapter 12 can be made more challenging
and vet sall 1 incorporate the safery features noted. After explaining these advanced forms of the
big three exercises, T will present an additional advanced back exercise.

ADVANCED BACK EXERCISES

Once the patient has mastered the advanced curl-up, side bridge, and hird dog described in
chapter 12, instruction to try the following may be appropriate:

CURL-UP, HIGHEST LEVEL

1. Brace the abdomen (it necessary, review the instructions
on page 176),

2. Curl up against the brace, but do not curl up any higher
than in other forms of the exercise,

3. Periorm deep breathing while in the “up” curl-up position
and while maintaining bracing. Remain in the up position
long enough to take a few deep breaths. This level of curl-
up will be challenging for the toughest NFL linebacker!

4, The abdominal wall is cued for bracing and stiffening (a).
Plyometrics may then be added in the “dead bug” position
{b} with short-range but rapid hip and shoulder flexion.
Ensure that all mation occurs in the hip and shoulder joints,
not in the braced spine (c),

SIDE BRIDGE, HIGHEST LEVEL,
AND OVERHEAD CABLE PULLS

The side hnflgp can be more challenging by incorporating the roll
described in chapter 12 (page 216), together with dynamically
contracting and relaxing the abdominal wall while
sustaining position.

The patient or athlete can then begin abdomi-
nal work in a standing posture. A family of exer-
cises that very cleverly trains the entire anterior
chain comprises the overhead cable pulls. Here
the motion is focused about the hips, as there is
no spine metion {(see photos),

Overhead cable pulls are considered athletic
progressions for abdominal exercise (a), However,
they are more than simply abdominal exercises
as they enhance stifiness, strength, and control of
the entire anterior chain, MNote that all motion is
about the hips (b).

BIRD DOG, HIGHEST LEVEL

The bird dog is more demanding when the patient consciously stretches the hand out forward
and the foot out behind—all the while ensuring that spine motion (particularly bending) does
not take place. If performance objectives are desirable and if the patient has no exacerbation of
symptoms, small wrist and ankle weights may be allowed. Plyometrics are added as the hand
and foot “draw” opposing squares. These plyometrics begin in the starting position (al, then
include moving the hand and the foot down away from the body (b), and then moving the
hand and foot downward (c}, Just as the hand and foot are brought toward the body midline
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{cl), the torso is consciously braced, and a ballistic short-range extensor contraction occurs at
the shoulder and hip (e}, Once again no motion must occur in the spine.

EDUCATING ALL BACK EXTENSOR MUSCLE MOTOR UNITS

When searching for ways to obtain maximum myoelectric activity from the back extensor
muscles, we discovered that isometric back extensor exercises do not recruit the full pool of
motor units. Many more motor units fire with some extensor motion. As a result of this discovery,
this back extensor exercise, which builds strength and endurance and helps to hypertrophy the
muscles, was developed. It is used by some of the strangest athletes in the world to “educate”
the motor units in the back musculature to fully receuit and fire.

While the athlete is lying prone on a bench with the torso supported on a movable stiff
pad, place weight in one hand. The edge of the pad is placed under the mid rib cage. The
cantilevered portion of the spine is slightly flexed and then extended, combined with some
slight twist back to neutral (a), The object is not to actually twist but to focus activation on one
side of the extensors—to use mental imagery (chapter 10) to assist in activating the maximum
number of available motor units. The spine never extends past neutral. After a set, place the
weight in the athlete’s other hand and have the athlete repeat the exercise. Then move the
pad downward (perhaps about the level of the navel) so that a greater portion of the torso is
cantilevered ih). Have the athlete repeat the sets, Move the pad farther down the athlete’s
body (perhaps to about the pelvis), leaving more of the torso cantilevered, and have the athlete
repeat the entire process (o), The sharp edge of the pad is better for imaging the edge and
focusing on the corresponding specific section of muscle.
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SQUAT WITH OVERHEAD RESISTANCE

Moving to a standing posture the progression continues with a
wonderful exercise that challenges the back and hip extensor
mechanism. The squat with overhead, seli-generated hand resis-
lance grooves a squat pattern, with very robust recruitment of
back and shoulder musculature for stability and stiffness.

The squat with overhead resistance requires one hand to
push into the other causing contraction throughout the entire
upper back, shoulders, and chest (). The squat utilizes the hip
hinge with the hips tracking along a 457 path (no spine motion)
(b). A one-legged “good morning” version of this exercise can be
included for those interested in more hamstring challenge. The g -
hands alternate between the right in front and the leftin front. & :

BACK EXTENSOR EXERCISE WITH A GYM BALL OR TABLE

Another variation of the exercise for educating all back extensor muscle motor units is to
perform the extension mation over a gym ball where the feet are secured (a) and the ball is
moved progressively toward the pelvis with each set (b But once again, note that a sharper
edge is better than the ball for training motor units. For this reason, a table may be considered
where the lorso is progressively moved farther over the edge with each repetition (c. dl.

Another variation of the back extensor exercise with a gym ball requires the hands to be
secured fw) and the legs to be cantilevered behind () in the “reverse extension” (Figure 13.5)
This is an ill-advised exercise for many people in that posterior shear forces are developed in
the disc and interspinous igament. While some great athletes train with this exercise and have
success, many will develop back troubles because of it

-

&

Figure 13.5 Reverse hip extensions cause shear and pain in many people.
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Occupational and Athletic Work Hardening

Certain workers and athletes encounter demands that require training that we would never
recommend to patients unless absolutely necessary. Anyone considering going bevond the
exercises described previously should be fully aware of the increased risks of back injury that
these exercises will pose. These exercises aimed at workers or occopational athleres should be
restricted to that group because they present a level of risk that is unacceptable for any but those
whao are willing to assume it for the sake of athletic or work performance.

Onee again, choosing the appropriate challenge imvolves a blend of chinical arr and science.
Too linle load will not produce the training adaptation, and too much will break tissue down.
Listen to the body, and give adequarte rest.

Low Back Exercises for High-Performance Workers
or Athletes

In general, we stage training of high-performance workers and athletes with the same steps used
in our rehabilitation approach, except that two more steps are added. We hegin in stage 1 hy
identifying the essential motions and grooving appropriate motion and motor patterns. Stage
2 is directed toward ensuring joint and whole-body stabilizing patterns. Stage 3 is to develop
muscle endurance around these patterns, Stage 4 is directed to enhancing strength. And, finally,
stagre 5 is to establish power. Unfortunately, too many exceptional athletes are rained, or given a
rehabilitation program based on strength and power, without an adequate foundation of seabiliz-
ing motion and motor patterns. They end up with back problems and are referred to us.

In this section we will briefly consider exercises that may be helpful to either workers with
demanding jobs or athletes. The requirements of the activities are not excessive for those who
have adequately prepared by mastering all of the exercises previously discussed in the rext. Spe-
cifically, these individuals should have mastered spine position awareness and be able to produce
low back stabilizing patterns but may need more work to successfully move through the ranges
of motion specific to their task. In addition, they may need more strength and endurance,

Qualifying the Worker or Athlete

The clinical decisions involved in staging a worker or athlete through the progression of chal-
lenge is an art that can be assisted with scientific data. Those who are looking for a set recipe,
however, will fail at creating a successful program for an individual. Generally we blend the
worker’s or athlete’s current exercise status and history of injury with our own knowledge of
spine tissue loads that result from various activites and our knowledge of injury mechanisms o
qualify an individual for a specific exercise progression. We then put our educated guess to the
test and monitor patient progress to ensure the maintenance of a positive slope of improvement
in symptoms and function.

Lumbar Stability With Elevated Simultaneous Physiological Work Rates

While some individuals can maintain spine stability over all sorts of activities, including those
that require the stabilizing muscalature to assist with physiological challenges such as elevared
breathing, others cannot (MeGill, Sharratt, and Seguin, 1995). We have noted a compromise
in the ability to stabilize more often postinjury (McGill er al., 2003), although we have also
derected that compromise in “virgin backs.” Interestingly, tall athletes tend to be poorer in their
ability to cocontract the abdominal muscles o ensure sufficient stability during high work rates
and highly challenged breathing than their shorter counterparts. This perception appears to
be supported by the most recent evidence showing that taller workers have a greater likelihood
of having perturbed motor patterns while breathing heavily and holding spine loads (McGill
et al., 2003),

Consider the warehouse worker, firefighter, or foothall plaver who must work ata high physi-
ological rate that results in deep and elevated lung ventilation. The inability to maintain constant
cocontraction in the abdominal wall (i.e., the muscles tend ro relax during deep inhalation) is an
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indicator of compromised spine stability, particularly when heavy external loads that demand
a stable spine are required. These individuals must develop stabilizing motor patterns that will
ransfer to all activities. Farther down on this page you will find an exercise we have devised w
train these people in maintaining abdominal bracing while breathing heavily.

Torsional Capability

Some activities that athleres or workers must perform require twisting and the creation of
substantial torsional moments, The difference between the mechanics involved in twisting and
the generation of torsional moments was discussed in chapter 3. The question is, “How can we
maximize stability and minimize the risk of injury during training for trunk worsion?” Because,
as previously noted, generating torque about the twist axis imposes approximately four times
the compression on the spine as an equal torque about the flexion-extension axis, it is unwise w0
train for torsion gemeration until the back is quite healthy.

SPINE STABILITY EXERCISES FOR WORKERS AND ATHLETES

Although these exercises have been designed to minimize injury risk, you must be careful to
prescribe them only to those who can already safely perform the advanced levels of the *hig
three” exercises presented in chapter 12,

ESTABLISHING SPINE STABILITY WHEN BREATHING 15 ELEVATED

Some athletes and workers only risk spine stability when they are breathing heavily. To train
simultaneous patterns to ensure stability during breathing heavily, we have developed the
following approach.

1. Ride an exercise bike at an intensity to elevate ventilation,
2. Then immediately dismount and adopt the side-bridge posture on the floor.

In this position the stabilizing musculature must remain isometrically contracted; otherwise,
the bridge posture is lost. Heavy ventilation is also required, however, acting to groove the
motor patterns that coordinate diaphragm contraction and other thoracic muscles involved in
efficient lung function, The curl-up and bird dog postures are also used after vigorous stationary
hiking te groove stable patterning in all of the supporting muscles. In this way we establish
spine stabilization patterns in workers and athletes alike.

TRAINING FOR TORSIONAL CAPACITY

The technigue we have found for producing low spine loads while challenging the torsicnal
mament generators is 1o raise a handheld weight while supponting the upper body with the other
arm and abdominally bracing (see a and b) to resist the torsional torque with an isometrically
contracted and neutral spine. Dynamic challenged twisting is reserved for the most robust of
athletes. We would never
recommend training on
the torsional machines
fsuch as those where the
athlete is seated with the
pelvis belted down and the
upper body twists against
resistance) unless specific
athletic performances were
the training objective, and
then the individual must
be made aware of the
elevated risk of pursuing
this approach.
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Some very useful and transferable motion patterns are produced with the various cable
exercises (e.g., high pulls, low pulls, and “chopping” exercises), which produce high torsional chal-
lenges. Because of the lumbar compressive loads associated with these torsional torque challenges,
we sugpest discipline in bracing the torso in a neutral posture. it would also be wise to consider the
transmissible vector (the perpendicular distance between the cable force and the lumbar spine)
when choosing the technique to conttol the torsional torque and resultant spine load. Data on
spine loads during a variety of cable exercises are contained in McGill (2006).

SPECIAL SUGGESTION FOR THOSE WHOSE BACK IS WORSE
WITH SITTING AND THEN HAVE TROUBLE STANDING

To combat the cumulative stresses of sitting, we often recommend walking with a backpack
with the load placed low in the pack.

1. Putting on a backpack weighing about 5 t0 10 kg (11-22 Ib)
2. Then going for a walk over rough ground for an hour or two

Amazingly (to some), many patients report that this works wonders, The typical forward
flexed antalgic posture requires the back extensors to be active (which imposes a substantial
load penalty on a flexed spinel. The backpack acts as a counterweight to extend the spine
and bring the torso upright. The back extensors are no longer needed to contract, effectively
removing their contribution to spine load. Wearing the backpack reduced spine loading!

CABLE PULL-DOWNS FOR LUMBAR STABILIZATION

Latissimus dorsi is an essential muscle for spine stability, and for
enhancing elastic performance. The squat with the overhead hand
push (page 235) is an excellent approach for starting the standing
posture integration of this muscle. This is enhanced with cable
pull-downs [see photos),

Two variations (a, b) of the cable pull-down exercise should be
periormed with the handlebar lowered 1o the chest rather than to
the back. This enhances the role of several spine extensors and in
particular the latissimus dorsi for lumbar stabilization,

Low Back Exercises Only for Athletes

Specific athletic objectives require specific maining technigques. As noted earlier, however, too
many patients make the mistake of looking to athletes for training exercises under the misconcep-
tion that the same approach will help their own backs. This critically important notion must he
emnphasized again: Athletic exercises are not for enhancing back health in patients. In addidon,
oo many athletes use bodybuilding principles for building mass. These must not be emulated
by patients. The following exercise examples are reserved for athletes only.

Training-Specific Athletic Maneuvers

The various trunk torsional machines or resisted twisting motions are reserved for those who
want to excel at very special tasks such as Olympic discus throwing, (I must add that some track
athletes with whom 1 have been associated clinically do not perform these exercises because they
exacerbate their back symproms,) Otherwise, the torsional moment capabilities are developed
with the spine in a neutral position, with a fully braced rorso musculature, but with a torsional
moment challenge. The neutral position is the most robust posture to withstand the elevated
spine loads; itis also the spine posture that is transferable to other activities that require torsional
moments with the least risk of spine damage,

Sprinting and other power running events such as those performed by foothall players should
be addressed here. Top-end speed for most sprinters is usually limited by the recovery of the leg
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in flexion (hip Nexion), not a lack of hip extension power. Thus, many train the psoas according
to the power philosophy—and end up with a bad back. It is critical for these arhleres to main-
tn spine stability and be conscious of the braced and neutral spine during rignrous hip fexor
training required for sprinting events.

All sorts of exercises and special equipment have been developed for performance training. But
very few performance approaches have been documented with substantial scientific foundation
to warrant discussion in a book such as this. However, one exception is the book Supertraining
by Dr. Mel Sift, where an impressive number of studies have been synthesized and reviewed.
For example, Dr. Siff makes a case for avoiding the development of motions that are guided
predominantly by machines, and instead advocates cables and free weights, as well as unloaded
speed training, with data-based argument. Further, substantiated principles of functional
anatomy, physiology, biomechanics, and motor aspects such as facihtation are used to jusofy the
approaches documented in Supertrwiming to enhance strength, power, speed, and muscle endur-
ance. These performance objectives cannot exist without the foundation of stability, mobility,
and the additional principles | have documented in this book. While there is no question that
these principles and exercises are excellent for performance, there is a high resultant spine load.
Some backs s]mpiy will not wlerate some of these higher-demand exercises—but not everyvone
can tolerate the I‘lgﬂl"\ nfrrammg 1o he a champion, regardless of the spundness of the scientfic
technique. The exercise variations are endless and are outside of the scope of this book.

Finally, with respect to designing workouts, the "big three” can be performed at the begin-
nlrLgr of the workout to help groove and establish the stable motor patterns for the rest of the
training session. Some trainers also like to finish the session with these exercises if they desire
to take the exertions to fatigue.

Training to Squat and Power Clean

Squats and power cleans are good exercises for developing power for athletic performance, but
have limitations. Many top athletes are referred to us who have enormous sagital plane strength,
vet show great weakness in nonsagittal strength. They have overemphasized the “Olympac lifs™
for power without training power for lateral moton, wrns, and so on. Furthermore, these lifts
are creating a lot of damaged backs, Many younger athletes do not have the hip structure o
begin the pull with the necessary hip flexion required to have a neutral spine at the beginning
of the pull. Serious squat training for us always includes one-legged squats, the bowler’ squat,
stiff-legged sled drags, and hip airplanes, together with many more, This is a very involved
topic, and the interested reader is directed to the detail provided in my Ultimare Back Firness
and Perforsance (2006).

The instructions from our perspective ave very simple: Ifa perfect starting position cannot be
ohrained, then other means are needed. Many great athletes cannot do these lifts. Never sacrifice
form for lifang mare “c!ght Year after year I give this advice to young athletes, and year afrer
vear a substantial proportion will ruin their backs by not heeding this simple g‘uldelmr As the
nld saying goes, “It’s amazing how much your parents learned as you grew older.”

Very few people n North America can perform squats and power cleans well and with a low
risk of injury, The Eastern Europeans are technical masters, and the technigque is well covered
in my high-performance book (MeGill, 2006). It is interesting to see the emp-h::r.iq placed on
grooving the correct motion and motor patterns long before substantial weighr is amempred.
Young Eastern European athletes spend years developing the form by lifting broomsticks. Only
when the form is perfect is strength increased and weight added to the bar, Generally, preserving
the neutral lumbar spine will solve many of the safety issues, but this depends on the ability to
take the shoulders and hips w extremes in the range of motion,

Some have found that placing the weight bar on blocks to raise the starting height improves
the utility of this exercise for athletes other than competitive weightlifters, This way a lifter can
accomplish a fase lift without the larger back loads associated with the initial crouched posture
needed w pull from the floor, In this power exercise speed is important; participants are advised
to “train slow to be slow, train fast to be fast.” For those interested in these exercises, the actual
weight kinematics for the full power clean and the coordination of the leg muscles, torso muscles,
and those invalved in the shoulder pull can be found elsewhere,
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POWER FOR ATHLETES WHO ARE NOT WEIGHTLIFTERS

Power athletes who are not weightlifters are given power exercises with things like medicine
balls {a-c/, cables, and even floor calisthenics using only body weight. We use the concept
of labile loads substantially as well. Here the load is made labile via the placement of elastic
handls that either may be anchored to the floor or have dumbbells swinging from them, This
promates skill to control the bar, steer the force through the linkage, and correct movement
errors, ultimately leading to enhanced performance (McGill, 20063, A “steering” of strength
exercise is shown with the kettlebell clean where a mistake causes the bell to slip and rotate
around in the hand (d, e 1.

Performance exercise is so much more than lifting weights. In many cases the way the training
programs are organized causes detriments to performance. For example, one high-performance
athlete came for a consult wondering why, after training the squar with a bar on his back, he
was able o squat more load but his vertical jump—which had been his original objective for
training—nhad decreased. I had to show him that he had trained himself 1o be slow! Clearly his
objectives were not marched to the training approach,

If the objective is speed, do not endurance train or train slowly. Speed comes from cyclic
ballistic contraction and relaxation. Thus many athletes need to train speed of relaxation more
than speed of contraction. Performance enhancements come from a refinement of the balance
of qualities. A strong individual who lacks balance and falls over when performing a one-legged
squat may be fine in a weight room but a disaster on the foothall field. Strength, speed, and power
all demand the foundaton of appropriate motion and motor patterns, halance, and regional
range of motion within the three-dimensional context of athletic motion. Training to achieve
optimal performance is the topic of my book Ultimate Back Fitness and Perfirmance, which forms
a companion text to this one for the real expert.
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Looking Forward

Rehahilitation endeavors are continuing to embrace technigques that consider notions of torso
stability and various components involving posture, motor patterning, and appropriate progres-
sive challenge. Many groups continue 1w work

* o understand the contributions to stability of various components of the anatomy at
particular joints—and the ideal ways t enhance their contnibution;

s ounderstand what magnitudes and patterns of muscle activation are required to achieve
sufficient stahility while sparing the joints;

* o identify the best methods to reeducate faultey motor contral systems to hoth achieve
sufficient stability and reduce the risk of inappropriate motor patterns occurring in the
future; and

* o develop mowr parerns for opamal performance in athleres,

Collegial efforts between scientists and clinicians continue to develop the scientific founda-
tiom to justify better low back injury prevention and rehabilitation approaches, Much remaing

o be done,
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EPILOGUE

N ow you have another perspective to employ in your efforts to prevent and rehabilitate bad
backs. I hope that from now on, when you read that bad backs just happen, or that they cannot
be diagnosed 1o guide therapy, or that they are solely the function of psychological factors or the
compensation system, you will pause and reflect that you are reading the musings of individuals
who have reached the end of their expertise.

Naot that anyone has all the answers, With each experiment that we perform we may obtain
some new insight, but generally we are confronted with many more questions. So, with each
experiment we become relatively more aware of what we don't know.

Consider the viewpoint described in this text and blend it with your own clinical wisdom
and experiences. The very best clinicians with whom | have had the pleasure of working had
wonderful clinical skalls and insights but made use of a scentfic foundation.

To the clinicians—I1 wish the confidence to continue with what you know works and the
inspiration and leadership to try new approaches when things are problematic. 'To the students
of clinical disciplines and those involved in the continuing development of the scientific foun-
dation—there are so many more exciting experiments to perform on the wonderful fascination
that we share, the low back. May we all enjoy the continuing journey.
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LOW BACK DISORDERS

L Low Back Disurders; Lvidence-Based Prevention wul Rehabifitution,
Second Ldition, inlernalionally ecognized low back specialist Sluart
MuoGill presents original rescarch o quantily the lorces thal specilic
movements and exercises impose on e low back, dispels mvilis reganding
spinge stabilizalion excreises, and sugeests preventive approaches and
strategics to ollset injurics, reduce pain, and restore lunclion.

The second vdition presents enbanced algorithuns Lo guide progessive
therapeutic exercise and specially designed paticnl assessmmonl provocation
Lsts Lo help you determinge the cause ol back troubles, guide your choices
in the besl ways o climinate problems, and improve Lhe development
ol appropriate activilics ot lunclional sain. Whercas the Lest edilion
[ocused on increasing spine stability, the sccomd edition provides new
inlormation oo dealing with both regional instability or mwobility and
regional stillness prescnl in individuals where most of the motion occurs
al a single spinal segiment.

With Low: Buck Disorders: Bvidence-Based Prevertion avd Rehabilitation,
Seconud Liddition, vou will

* gain valuable inlormation on measured loading of the back
during specilic activitics aad apply it 1o avoid common—but
counterproductive—practices in back rehabilitation;

¢ [carn how Lo analyze cach paticnt’s or clicat’s unigue physical
characteristics and lifestyle [actors to tailor preventive measures
and lrcatments to individual necds;

* [carn how o help paticnts and clicnts progress through the stages
of rchabilitation: corrective exercise, stability or mobility, endwrance,
and sirenglh; and

* acyuire the inlormation necesseary Lo design an cllective injury-
prevention program,.

Low Buck Disorders: Dyvidence-Based Prevenlion and Rehabiliiution,
Second Lidition, is Lhe authoritative text lor study, care, and Lrealment
ol Lhe low back. Lls unigue approach o back care and prevention will
guide you in developing inlervention, cchabilitation, and prevention
programs lo address the unigue neceds ol cach patient or clicnt and
develop a strong scicnlilic loundalion lor vour praclice.
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