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Presidential Address,
North American Spine Society:
Failure of the Pathology Model
to Predict Back Pain

SCOTT HALDEMAN, MD, PhD, FRCP (C)

President of any learned society. This is particularly true of the

North American Spine Society. I know of no other society as
dynamic and progressive as NASS. The executive council is more
dedicated than any I have served on and each committee is productive in
developing reports and programs assigned to it. This is especially
amazing as the Society is only 5 years old. There are numerous
individuals who have worked hard for NASS. However, particular
credit must be given to the leadership of the first four presidents. Drs.
Wiltse and Kirkaldy-Willis must be considered the fathers of NASS.
Their tremendous prestige, research experience, and understanding of
the problems associated with the scientific and clinical investigation of
the spine placed NASS immediately in the forefront of the spine
societies. Drs. Nix and Mooney, with their extensive skills, organiza-
tional and political experience, and their dedication to a solid scientific
interdisciplinary approach to problems related to the spine, took a
fledgling society and elevated its meetings to a level equal to the most
scientific of associations. At the same time, the various NASS commit-
tees have established programs to offer scholarships and awards,
develop scientific studies, establish fellowship programs, and to begin
discussion on terminology and practice guidelines. It is through pro-
grams like these that NASS has become a society in which its members
may keep abreast of advancements in spinal research and the practice of
specialist level management of spinal disorders.

One of the advantages of a presidential address is that ohe can raise
issues and problems that are often expressed in vague terms and yet are
fundamental to everything we do as spine clinicians and researchers. At
a recent meeting, which included a number of past and present officers
of the International Society for the Study of the Lumbar Spine and the
North American Spine Society, a statement was placed on the black-
board and accepted by the group. It read, “We do not know the cause of
back pain.” This statement has recently been made at a number of
meetings and presented in the scientific literature by some of the
foremost leaders in the field. This raises the question, “Why don’t we
know the cause of back pain? Is there something wrong with our basic
understanding of the spine, with our research, and with our current
model of health and disease?”

THE EFFECTS OF RESEARCH ON BACK PAIN

The members of NASS and the other learned spine societies have
shown tremendous dedication to research. A review of the papers
presented at recent NASS meetings shows increasingly sophisticated
and expensive methods of evaluating the structural and neurologic
integrity of the spine. Such basic tools as myelography, computed
tomography, and magnetic resonance imaging are being supplemented
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by intravenous, intrathecal, intradiscal, and locally injected contrast -
media. Neurologic and functional testing has extended beyond electro-
myography and nerve conduction studies to include various forms of
reflex, somatosensory, and cortical motor evoked responses and now
includes multiple machines and tests to measure muscle strength,
posture, and mobility. Our armamentarium of treatment protocols
expands every year. Nonsurgical treatment methods including new
medications, new manipulative techniques, new educational and exer-
cise programs, and new physical modalities are presented at meetings.
The sophistication of surgical approaches to spinal problems has
increased with the development of multiple methods of performing
discectomies and decompression as well as extensive, complicated, and
complex methods of fusing vertebrae.

The question that must be asked is whether the prollferatlon of new
technology and advanced clinical skills for the investigation and
treatment of spinal pain has influenced the overall incidence, morbidity,
cost, or disability related to spinal pain disorders. Unfortunately, the
answer is not very encouraging. The overall lifetime prevalence of back
pain remains at the 60-90% level, with an annual incidence of around
5%.2°:34 There is no evidence that these figures are changing. Data from
the National Center for Health Statistics show that the number of people
disabled from back pain has increased by 168% in the United States
between 1971 and 1986. This is 14 times faster than the population
growth.**5° Similarly, the cost of treatment and disability resulting
from.back pain is estimated to be reaching $14-18 biltion.’ The costs
for occupational back pain alone has been estimated at $6 billion.?!

_ The importance of past advancements in technology and clinical
skills cannot be ignored. Short-term, comparative, and sometimes
double-blinded studies on the effectiveness of certain medications, !’
manipulation,?6?” back school,?+38 and other conservative methods™?
have demonstrated the ability of these techniques to relieve pain and
reduce periods of disability in selected groups of patients. Certain
intense rehabilitation programs may even have substantial ability to
return specific groups of chronic debilitated- patients to the work-
place.*!**2 None of these techniques, however, have been demonstrated
to change the long-term course of patients with back pain. When
conservative treatment approaches such as medication, physica! ther-
apy, or manipulation are discontinued, the natural process of this
disease appears to progress, causing pain and disability.*-**%’ Long-
term results from short periods of conservative treatment are inevitably
no better than controls. In a similar manner, specific surgical proce-
dures can achieve their anatomic and pathologic goal of discectomy or
fusion and have been demonstrated to réduce pain and neurologic
deficits in appropriately selected patients.3>*6 However, as with con-
servative care, the long-term effects of surgery are not very encourag-
ing. The only blinded controlled study of surgery®® demonstrated the
benefits of surgery in the first year. However, after 4 and 10 years,
patients who had undergone surgery were no better than those who had
not. Studies by Dvorak et al'? following postsurgical discectomy
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THE CLASSIC MODEL
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Fig 1. The classical pathology model relating increasing symptoms
to increasing pathology.

patients for 417 years revealed that 70% still complained of back pain.
Twenty-three percent complain of constant pain, and 35% were still
under treatment. Lehmann et al*® showed similar results with long-term
follow-up of patients who had undergone fusion. In this case, 57%
continued to have back pain in the last year, 53% were still using
medication, and 15% required repeat surgery.

From these studies it is increasingly evident that a conservative or
surgical cure for back pain is unlikely to be found. Although the
capability of easing pain and suffering even temporarily and of reducing
periods of disability cannot be diminished in importance, it is becoming
essential that the larger picture of back pain in society be addressed. It is
increasingly difficult for society to deal with a disease that absorbs up to

41% of the cost of Workers’ Compensation, that incapacitates up to

20% of workers for periods of 3 weeks to 6 months, and that is estimated
to cost society between $14—18 billion per year.2:%:2

THE CLASSICAL PATHOLOGY MODEL

A major problem in the development of diagnostic and treatment
protocols for patients with back pain is an apparent difficulty in fitting
this disorder into the classic model of health and disease. Classically, an
organ free of demonstrable pathology is considered healthy and free of
symptoms, while an organ with obvious pathology is supposed to be
responsible for any reported symptoms. Figure 1 illustrates the linear
relationship between pathology and symptomatology, which is pre-
dicted by this model of health and disease and is the basis for all the
advanced imaging technology being used to detect pathology.

Unfortunately, for a large percentage of the population, this classical
model breaks down. There is now ample evidence that virtually all but
the most severe degenerative and discogenic changes in the cervical and
lumbar spine can exist in asymptomatic individuals. Up to 95% of men
and 70% of women show degenerative changes in the cervical spine by
age 60-65.2%% In addition, approximately 30% of asymptomatic
individuals are reported to show abnormalities in the lumbar spine as
measured by myelography, CT scanning, and MRI scanning.%3"¢° To
complicate the matter further, there is a large percentage of symptom-

atic patients, sometimes with quite severe complaints of spinal pain, in
whom testing fails to reveal a structural lesion.®! Nachemson®” went so
far as to state that only 20% of patients with acute back pain can be given
a precise pathoanatomic diagnosis. In patients with chronic back pain,
this breakdown in the relationship between symptomatology and de-
monstrable pathology becomes even more dramatic.?® For example,
Figure 2 presents the CT scan films of patients with virtually identical
symptoms and clinical signs.

These facts require a modification of the classical pathology model.
The patients described previously follow one of two different patterns.
In the first, pathology can exist without symptoms (Figure 3). In the
second, symptoms can occur without obyious pathology (Figure 4).

FACTORS INFLUENCING BACK PAIN

If one accepts the research described previously, two questions must
be answered. “What makes a structurally normal spine symptomatic?
and “What makes a benign pathologically degenerated spine or disc
hemiation induce disability which may necessitate surgery?” If answers
can be found to these questions it may be possible to prolong the positive
results of conservative treatment and markedly improve the results of
surgery. The possibility of reducing the incidence of back pain with its
associated costs and disability makes the exercise worthwhile.

Fortunately, the last decade has seen a rapid increase in research and
reported studies that address the natural history of spinal symptomatol-
ogy and pathology. Biomechanical, physiological, and psychosocial
factors that are associated with increased risk of back pain and disability
have been the focus of such research. It is now possible to extract at least

Fig 2. Examples of CT scans in two patients with chronic back pain
and very similar symptoms and clinical examinations (From Halde-
man et al, Spine 13:345, 1988).
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MODEL OF PATHOLOGY WITHOUT SYMPTOMS
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Fig 3. The mode! for asymptomatic pathology.

" six major factors that appear to be important in the pathogenesis of back
pain.

Aging

The natural effects of aging on the intervertebral discs has been well
described. 51947 There is, first of all, a gradual decrease in the growth
cartilage until maturity. The end-plate cartilage then undergoes calcifi-
cation followed by resorption and replacement by bone. There is an
increase in the collagen content and a decrease in the mucopolysaccha-
ride content. These changes result in a reduction in the ability of the disc
to receive nutrients that diffuse from the vascular structures in the bone.
This process appears to occur in the entire population and in the absence
of symptoms. Advanced degenerative changes have been noted in the
asymptomatic population. Gore et al found dramatic changes withaging
and the presence of even severe intervertebral narrowing, end-plate
sclerosis, and osteophytic formation in asymptomatic patients over the

lJ

MODEL OF SYMPTOMS WITHOUT PATHOLOGY
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Fig 4. The mode! for symptomatic patients without documented
pathology.

age of 40.222* However, it appears that there is some point when
pathology becomes severe enough to cause stenosis beyond the capacity
of the neural canals to adapt.'*** The growth in sclerotic and hyper-
trophic bone in the end-plates and facets, in turn, leads to neural
compression presumably at a level of decompensation of the degenera-
tive aging process. Thus, the effect of natural aging can be represented
as in Figure 5 where there is an initial increase in pathology without
symptoms followed by a period when symptoms increase with pa-
thology.

Acute Trauma

Acute trauma more than any factor should follow the classic pathol-
ogy model. The effect of traumatic loads or impacts on the spine has
been studied in some detail in a number of biomechanical laboratories.
There is a growing understanding of the forces that are necessary to
cause vertebral fractures as well as disc disruption and herniation with
its well-documented clinical picture.2%-* There is also evidence that
trauma can result in inflammatory changes in the disc and perhaps other
tissues. This has lead to the concept of intrinsic disc disruption as well as
soft tissue sprains and strains.!®?® Such trauma potentially has the
ability to cause pathology in a healthy spine and presumably can
aggravate existing pathology. In addition, since the majority of patients
with acute spine injuries recover spontaneously, the pathology caused
by trauma has the ability to heal, perhaps with some remaining partially
symptomatic or asymptomatic pathology or weakness. Figure 6 pre-
sents the three different potential effects of trauma on the relationship of
trauma on pathology and symptoms.

Mechanical Occupational Stresses

An increasing amount of information is now available on the
influence of certain occupational factors on spinal pathology and
symptoms. Epidemiologic studies have revealed a number of mechan-
ical occupational stressors that can increase the risk of developing back
pain, 183662 The primary stressors appear to be the frequency and
magnitude of lifting tasks, patterns of asymmetric postural demands,
continuous sitting, and vibration. These factors all appear to increase
the likelihood of developing pain. In addition, there is growing
evidence that they can influence the structure of a disc and cause
increased degeneration. These stressors have been demonstrated to
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Flig 5. The model for the aging process.
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Fig 6. The model for acute trauma.

increase intradiscal pressure, to strain discal and possibly other fibers by
torque or compression, and to cause mechanical softening and fatigue
due to cyclic loading. This can occur in asymptomatic individuals'® and
eventually result in symptomatic disc herniation.5? The influence of
vibration on the nervous system, particularly the dorsal root ganglion,
also may contribute to the increased likelihood of this group of patients
developing pain.>® Unlike acute trauma, the assumption is that this
continuous trauma results in structural changes in the disc or other
tissues and that it continues until these changes become symptomatic.
Figure 7 presents the manner in which this process fits into the
pathology model.

General Health

The relationship of general health to the incidence of back pain and
disability is becoming increasingly clear. An important indicator for
recurrence or persistence of back pain is the general health of the
patient.>¢ Such factors as pain in the stomach, feelings of fatigue,
previous hospitalizations or surgery, and daily smoking all are associ-
ated with increased incidence and severity of back pain. The relation-
ship of cardiovascular diseases to low-back pain has been noted by
Svenson et al,> whereas Holm has proposed an explanation for the
mechanism whereby diabetes might induce degenerative changes in the
intervertebral disc by influencing its nutrition. Deyo and Burn'® showed
increased incidence of back pain in individuals who were obese. Of
increasing importance is the relationship of smoking to back pain and
disability. The effect of smoking on the diffusion of nutrients into the
disc has been studied. The relationship between the prevalence of back
pain producing injuries with subsequent disability and smoking has
been confirmed by a number of investigators.5163745 Figure 8 illus-
trates how poor health can fit into the pathology model by increasing the
nonsymptomatic degenerative changes associated with aging or by
increasing the disability associated with trauma.

Exercise

Physical fitness and strength does not guarantee the absence of back
pain or injury.'*'> Nonetheless, there is increasing evidence that
patients with back pain generally have reduced cardiovascular fitness,

MECHANICAL OCCUPATIONAL STRESSORS
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Fig 7. The model for continuous occupational stresses

muscle strength, and mobility.3 This is particularly true in patients
with chronic back pain and postsurgical patients.>® There is also
growing evidence that individuals with sedentary occupations have
increased degenerative changes in the lumbar spine. Mellin*® noted
changes in thoracolumbar mobility that correlated with chronic on
recurrent back pain. However, physical activity has been noted by
Porter et al*® to strengthen both discs and vertebrae. There is now a
convincing body of research that demonstrates that strengthening
exercise together with improvement of cardiovascular fitness and
general functional restoration can reduce disability and possibly pain in
patients with chronic low-back pain.’®*!*2 Figure 9 illustrates the
effect of exercise on the pathology model. The feeling of well-being
after exercise appears to have the capacity to reduce pain. At this time,
it appears to be the only factor that can increase strength and therefore

POOR HEALTH
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Fig 8. The model for the effect of general health on pathology and
symptoms.
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Fig 9. The model for the effect of exercise and fitness.

structural integrity of the spine. It also raises the interesting possibility
that there may exist a state where a well-exercised healthy individual
may be better able to resist the development of pathology and symp-
toms.

Psychosocial Factors

The close correlation between psychosocial factors and patients with
chronic back pain is now conclusive, although the relative importance
of various factors has yet to be worked out. An extensive multivariant
analysis by Bigos et al’ demonstrated that physical measurements were
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Fig 10. The model for the effect of psychosocial factors.

acute trauma

psychosocial

[
€
2
a exercise
£
[ I e
8 =
] 2
° trauma o«
) o
a2 ¥ in
& aging
&

Pathology
exerclse ' .
Fig 11. A composite of figures 3-10 for the pathology model. The

relationship of symptomatology and pathology in an individual pa-
tient can follow any of the patterns noted in this figure.

much less important than psychosocial factors in predicting low-back
injuries. Of particular interest was the observation that individuals who
“hardly ever” enjoyed their work were at significantly greater risk of
back complaints when compared with individuals who “almost always”
enjoyed their work. Multiple other psychosocial factors such as litiga-
tion, Workers’ Compensation, loneliness, and coping skills have all
been considered important, '32425:53 The observation that psychologi-
cal testing before surgery can be used as a predictor of surgical outcome
also illustrates that correction of pathology is not sufficient to reduce
disability or symptomatology.®!-*¢:6% Many individuals in detrimental
psychosocial settings seem to develop long-term disabling symptoms in
the absence of documented pathology. However, individuals with
pathology in poor psychosocial settings appear to have enhanced pain
and disability beyond that anticipated by the pathology. These pro-
cesses are noted in Figure 10 on the pathology model.

THE PATHOLOGY MODEL AND BACK PAIN

Physicians and patients tend to feel most comfortable with a clear-cut
relationship between pathology and symptomatology, between health
and disease, and between cause and effect. Attempts are constantly
being made in clinical practice to “fit” a particular patient’s symptoms
to any demonstrated pathology seen on various tests.

Figure 11 illustrates how difficult this can be. This figure is a
composite of the examples noted previously and illustrates the various
ways in which pathology and symptomatology can interreact. The
relationship of pathology to symptomatology is extremely complicated
and the classic pathology model in its simplest form cannot explain back
pain or disability. It is not possible to look at pathology and determine
with any confidence the symptoms a patient may be suffering. It is also
not possible, except in the most classic, unequivocal, and usually acute
situations, to look at a patient with back pain but without neurologic
deficits and determine the nature of the pathology that can be anticipated
on testing.

The growing understanding of the intricate relationship of natural
aging, acute injury, occupational stresses, general health, physical
fitness, and psychosocial factors to spinal pathology and, more impor-
tantly, to spinal symptomatology and disability, holds the greatest
promise of understanding disabling back pain.

We cannot stop developing more accurate diagnostic tools. We
cannot let up on the search for more effective and less traumatic means
of surgically treating vertebral pathology. We cannot give up on the
further development and testing of conservative treatments such as
medication, manipulation, exercise, and physical modalities that may
reduce pain and suffering in our patients. We must, however, also
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address the greater picture of how we can reduce the social and financial
cost of this disease, Greater research effort must be made to look into the
factors that influence the effectiveness of conservative and surgical
treatment methods. Greater effort must be made to study the social,
psychological, and industrial factors that are responsible for the most
intractable and costly patients with back pain including methods for
reversing disability in this group of patients. It will require a major
effort on the part of industry, government, and the health care profes-
sions to impact the problem. Industry will have to modify the workplace
to make it a less traumatic and more pleasant place to spend each day.
Government will have to change tort and Workers’ Compensation laws
that encourage disability and expand its concept of health care payment
to include all factors that contribute to spinal pain. The health care
professions will have to maintain dedication to research, expand their
conceptualization of back pain beyond the simple pathology model, and
be willing to make changes in clinical skills and approaches to patients
as the research develops. The North American Spine Society and the
other learned spine societies will be expected to take the lead and ensure
the improvement of spinal health in society. I have no doubt that NASS
will live up to this expectation.
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