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Introduction

Low back pain is an important societal
problem with significant costs. Up to 70-85
percent of the population in industrialized
societies experience low back pain at least
once in their lifetime, with point prevalence
of about 30 percent (1, 24). The total cost of
low back pain has been estimated to exceed
50 billion dollars per year in the USA (17).

Although neck pain due to whiplash associ-
ated disorder is less common and less costly,
awareness of this disorder, diagnosis and
treatment are equally baffling (63). The term
«back pain» as used here does not include
back pain due to known infections, tumor,
systemic disease, fractures or fracture dis-
locations (73). Further, the term used here
refers generally to the entire spine, but in
particular to the cervical and lumbar regions.
Back pain is complex. The exact cause of
most back (low back and neck) pain remains
unproven (72). The multi-factorial nature of
back pain is well recognized with respect to
its causes, diagnosis, chronicity, disability
and treatment (73). Abnormal mechanics of
the spinal column has been hypothesized

to lead to back pain via nociceptive sensors
(72). The path from abnormal mechanics to
nociceptive sensation may go via inflam-
mation (8, 11), biochemical and nutritional
changes (6), immunological factors (44),
and changes in the structure and material

of the endplates (6) and discs (40, 41), and
neural structures, such as nerve ingrowth
into diseased intervertebral disc (15, 16).
The abnormal mechanics of the spine may
be due to degenerative changes of the spinal
column (18) and/or injury of the ligaments
(43). Most likely, the initiating event is some
kind of trauma involving the spine. It may
be a single trauma due to an accident or mi-

crotrauma caused by repetitive motion over
a long time. It is also possible that spinal
muscles will fire in an uncoordinated way

in response to sudden fear of injury, such as
when one misjudges the depth of a step. All
these events may cause spinal ligament in-
jury. Adverse psycho—social factors may also
play an important role in transforming the
back pain into disability (3).

The research literature on chronic back
pain is vast. However, there are some im-
portant and common observations. Chronic
low back pain patients have delayed muscle
response when asked to perform a task (65)
or when the spine is suddenly loaded (35), or
in anticipation of raising an arm to horizon-
tal position (20), and also delayed muscle
shut-off after the external challenge has been
withdrawn (52). Further, they show poorer
spinal posture control and balance, espe-
cially during complex tasks, when compared
to subjects without back pain (10, 33, 53).
The findings in neck pain patients are simi-
lar, although the number of studies is fewer.
Patients with whiplash associated disorders
have disrupted neck motion (2, 4, 14, 27, 34,
49, 51) and less efficient muscle control (14,
19, 22, 31, 34).

A few hypotheses have attempted to
explain the clinical observations and re-
search findings in back pain patients. As
the nociceptive sensors are present in most
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components of the spinal column, the hy-
potheses have focused on disruption of the
spinal column and its components, such as
spinal column degeneration (25), injury and
clinical instability (47, 73); facet joint injury
(13), and inferior facet-tip impingement on
the lamina (77) and Schmorl’s nodes (29).
Others have focused on spinal muscles. The
pain adaptation (32) and pain— spasm—pain
(54) hypotheses were evaluated in a recent
review article (69). The evidence was mixed,
and authors suggested that other models,
such as spinal instability (46, 47), may be
explored. The role played by the injury to
the mechanoreceptors embedded in the liga-
ments of the spinal column has not been
explored by any hypothesis.

The spinal column, consisting of liga-
ments (spinal ligaments, discs annulus and
facet capsules) and vertebrae, is one of the
three subsystems of the spinal stabilizing
system (46). The other two are the spinal
muscles and neuromuscular control unit (fig-
ure 1). The spinal column has two functions:
structural and transducer. The structural
function provides stiffness to the spine. The
transducer function provides the information
needed to precisely characterize the spinal
posture, vertebral motions, spinal loads
etc. to the neuromuscular control unit via
innumerable mechanoreceptors present in
the spinal column ligaments (26, 58), facet
capsules (11, 36, 76) and the disc annulus
(26). These mechanical transducers provide
information to the neuromuscular control
unit which helps to generate muscular spi-
nal stability via the spinal muscle system
and neuromuscular control unit (46). The
criterion used by the neuromuscular unit is
hypothesized to be the need for adequate and
overall mechanical stability of the spine. If
the structural function is compromised, due
to injury or degeneration, then the muscular
stability is increased to compensate the loss.
What happens if the transducer function
of the ligaments of the spinal column is
compromised? This has not been explored.
There is evidence from animal studies that
the stimulation of the ligaments of the spine
(disc and facets (21), and ligaments (59, 62))
results in spinal muscle firing. The mech-
anoreceptor-muscle firing relationships are
modulated by several factors, such as liga-
ment fatigue (61), static flexed posture (60)
and cumulative microtrauma (75).

The observations from animal studies
just mentioned, together with the possibil-
ity of transducer dysfunction in back pain
patients, form the basis of a new back pain
hypothesis. The purpose is to describe the

hypothesis, use the hypothesis to explain the
various important research findings and sug-
gest possible treatment options.

The hypothesis

The hypothesis consists of the following
sequential steps:

1. Single trauma or cumulative microtrauma
causes subfailure injury of the spinal liga-
ments and injury to the mechanoreceptors
embedded in the ligaments.

2. When the injured spine performs a task
or it is challenged by an external load, the
transducer signals generated by the mech-
anoreceptors are corrupted.

3. Neuromuscular control unit has difficulty
in interpreting the corrupted transducer sig-
nals because there is spatial and temporal
mismatch between the normally expected
and the corrupted signals received.

4. The muscle response pattern generated by
the neuromuscular control unit is corrupted,
affecting the spatial and temporal coordina-
tion and activation of each spinal muscle.

5. The corrupted muscle response pattern
leads to corrupted feedback to the control
unit via tendon organs of muscles and in-
jured mechanoreceptors, further corrupting
the muscle response pattern.

6. The corrupted muscle response pattern
produces high stresses and strains in spinal
components leading to further subfailure
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injury of the spinal ligaments, mechanore-
ceptors and muscles, and overload of facet
joints.

7. The abnormal stresses and strains produce
inflammation of spinal tissues, which have
abundant supply of nociceptive sensors and
neural structures.

8. Consequently, over time, chronic back
pain may develop. The subfailure injury of
the spinal ligament is defined as an injury
caused by stretching of the tissue beyond its
physiological limit, but less than its failure
point (48).

Under normal circumstances, to perform a
task or to respond to an external challenge,
the mechanoreceptors generate a complex
and redundant set of transducer signals de-
scribing vertebral position, spinal motion,
spinal load, and so forth, at each spinal level
(figure 2). The signals are transmitted to the
neuromuscular control unit for interpretation
and action. The neuromuscular control unit
evaluates the signals and produces a normal
muscle response pattern, based upon several
factors, including the need for spinal stabil-
ity, postural control, balance, minimal stress/
strain in various spinal components and so
forth. This is achieved via feedback from the
muscle spindles and golgi tendon organs of
the muscles as well as the mechanoreceptors
of the ligaments.
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Figure 1. Spinal stabilizing system. It consists of three subsystems: spinal column, spinal muscles,

and neuromuscular control unit. The spinal column has two functions: structural—to provide intrinsic
mechanical stability, and transducer—to generate signals describing spinal posture, motions, loads etc.
via the mechanoreceptors. The neuromuscular control unit generates muscle response pattern to activate
and coordinate the spinal muscles to provide muscle mechanical stability. There is feedback from the
spinal muscles and mechanoreceptors to the control unit. (Adapted from Panjabi 1992).
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The muscle response pattern includes
all the information needed to dynamically
orchestrate the muscles: to choose the indi-
vidual muscles needed, and to activate each
muscle in a defined sequence with respect to
its onset, activation level and shut-off. The
entire dynamic procedure is relatively quick,
non-injurious and leads to no adverse conse-
quences.

The injured spine behaves differently
(figure 3). The subfailure injuries of the
ligaments disrupt and/or injure the embed-
ded mechanoreceptors. When the spine
performs a routine task or responds to an
external challenge, the disrupted/injured
mechanoreceptors produce corrupted trans-
ducer signals, describing vertebral position,
motion, spinal loads etc. for each spinal
level. There is loss of spatial and temporal
integrity of the transducer signals received
from multiple redundant mechanoreceptors
distributed through the spinal column. The
neuromuscular control unit, not affected by
the injury itself, senses a mismatch between
the normally expected and the received trans-
ducer signals, and, therefore, has difficulty
in choosing the appropriate muscle response
pattern. However, it must act. Consequently,
the neuromuscular control unit produces a
corrupted muscle response pattern, which
is the closest match it can determine to the
corrupted transducer signals. The corrupted
muscle response pattern affects the choice
of the spinal muscles to activate, and the
individual muscle activation: force onset, in-
tensity and shut-off. The orchestration of the
various spinal muscles responsible for spinal
stability, posture and motion is disrupted.

Additionally, the feedback to the neu-
romuscular control unit and mechanore-
ceptors is also negatively affected, further
corrupting the muscle response pattern. This
has several adverse effects. Higher stresses,
and strains and injuries may develop in the
spinal ligaments and mechanoreceptors. The
facet joints may be overloaded, and the spi-
nal muscles may fatigue or be injured. Over
time, these injurious stresses and strains can
initiate inflammation of neural tissues (12)
and accelerate disc (40) and facet joint (9)
degeneration. Thus, a vicious cycle is set up,
leading to chronic dysfunction of the entire
spinal system and resulting in back pain.

Discussion

The underlying concept of the spinal insta-
bility hypothesis was the need for adequate
spinal stability provided by vertebrae and
ligaments of the spinal column, and aug-
mented by the spinal muscles under the neu-
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Figure 2. Normal circumstances. The intact mechanoreceptors send transducer signals to the neuromus-
cular control unit, which evaluates the transducer signals and sends out muscle response pattern to coor-
dinate the activation of individual spinal muscles. There is feedback from the muscle spindles and golgi
tendon organs of the muscles and mechanoreceptors of the ligaments to the neuromuscular control unit.
Under normal circumstances, there are no adverse consequences.

romuscular control (46, 47). In the present
hypothesis, the focus is on the disruption of
the mechanoreceptors due to ligament injury
leading to corrupted transducer signals and
muscle response pattern, and overall system
dysfunction. What follows is an attempt, us-
ing the new hypothesis, to explain some of
the observations concerning low back and
neck pain patients, and to suggest treatment
options.

Delayed muscle response is a common
observation in low back pain patients. When
low back pain patients were challenged by
a sudden external load, the delayed muscle
onset was observed (35), and delayed mus-
cle shut-off was seen when the load was
removed (52). Similarly, the anticipatory
response of the transverse abdominis was de-
layed (20). These findings can be explained
by the hypothesis. An individual with intact
spinal system, when challenged by a sudden
change in its load or posture, will produce a
quick and normal muscle response pattern,
specific to the challenge (figure 2).

However, when the neuromuscular
control unit receives corrupted transducer
signals, it may take a longer time to choose
a muscle response pattern that most closely
matches the corrupted transducer signals,
taking into account a multitude of factors
such as spinal stability, postural balance,
tissue overload and so forth (figure 3). Ad-

ditional factors, such as muscle fatigue, com-
plexity of the task, mental distraction and

so forth, may further decrease the efficiency
of the neuromuscular control unit leading to
the delayed muscle system response. Bal-
ance and postural control are deficient in low
back pain patients (10, 33, 53). The balance
and postural control includes a three-step
process: generation of transducer signals

by the mechanoreceptors, selection of ap-
propriate muscle response pattern by the
neuromuscular control unit based up mech-
anoreceptor signals and feedback from the
mechanoreceptors and muscle spindles and
golgi tendon organs (figure 2). Therefore,
subfailure injuries of the ligaments disrupt all
the three steps involving the mechanorecep-
tors thereby resulting in poor balance and
postural control.

Re-positioning error has been consistently
found in both low back pain (7, 38, 42) and
whiplash (19, 31) patients. The error occurs
when the patient is asked, starting from an
initial posture, to first bend or twist the spine
to a certain posture and then to return to the
initial posture. Based upon the hypothesis
presented, this is to be expected. The muscle
response pattern generated to bring back the
trunk or head to the initial posture makes use
of the mechanoreceptor transducer signals, in
the three-step process described above. With
the ligament injury in back pain patients, the
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Figure 3. Subfailure injuries of the ligaments. The injured mechanoreceptors send out corrupted trans-
ducer signals to the neuromuscular control unit, which finds spatial and temporal mismatch between
the expected and received transducer signals, and, as a result, there is muscle system dysfunction and
corrupted muscle response pattern is generated. Consequently, there are adverse consequenses: higher
stresses, strains, and even injuries, in the ligaments, mechanoreceptors and muscles. There may also
be muscle fatigue, and excessive facet loads. These abnormal conditions produce neural and ligament

inflammation, and over time, chronic back pain.

corrupted mechanoreceptor information and
the corrupted muscle response pattern will
both lead to the re-positioning error.

Among chronic whiplash patients, de-
creased neck motion has been observed in
most studies (2, 4, 14, 34, 49, 51). These were
active motion studies in which the subject
was encouraged to produce the motion. How-
ever, when the subject was relaxed and the
motion was produced passively by the exam-
iner, the motion was found to be increased in
the whiplash patients compared to the control
group (27). How can one explain these con-
trasting findings? In the active motion studies,
corrupted muscle response pattern (generated
due to corrupted mechanoreceptor signals)
applies higher muscle forces on the cervi-
cal spine. Such forces stiffen the spine and
reduce the motion (50, 68, 74). In the relaxed
passive motion studies, care was taken to de-
crease the influence of muscle guarding, pain
and lack of motivation by relaxing the neck
and shoulder muscles with application of
vapor coolant, and then letting the examiner
move the patient’s head into maximum flex-
ion. Thus, when the abnormal muscle forces
were minimized in the passive examination,
the intrinsic injury of the spinal column was
exhibited as the increased motion.

Muscle spasm is commonly observed

in both low back pain (5, 30) and whiplash
patients (39, 55, 67). Muscle coordination
may be thought of as an orchestrated activa-
tion of various spinal muscles to stabilize the
spinal column and accomplish a certain task.
The orchestration consists of activation of
individual muscles with respect to the onset,
magnitude of the force generated, and offset.
With the injury of the ligaments, the mech-
anoreceptors generate corrupted transducer
signals, and therefore, there is a mismatch
between the expected and the received cor-
rupted transducer signals. The neuromuscular
control unit senses the mismatch and may
fire simultaneously both the agonist and
antagonist muscles at its command to tem-
porarily stabilize the spine and minimize the
intervertebral motions, corrupted transducer
signals, and pain. If the situation does not
improve with time, then the muscle action
may become chronic. Such simultaneous fir-
ing of agonistic and antagonist muscles has
been observed in low back pain patients.
Greater variability has been observed in
almost all parameters measured in low back
(28, 33,37, 42, 53) and whiplash (14, 34)
patients. The new hypothesis can explain
this increased variability. The subfailure in-
juries of ligaments are incomplete injuries,
which may range between tearing of a few

fibers to a nearly complete rupture of a liga-
ment. Importantly, a complex joint, such as
a functional spinal unit, includes many liga-
ment structures. This collection of ligament
structures may encompass a wide range of
injuries, each structure with different injury
severity, depending upon the magnitude and
mode of the trauma. The density of the mech-
anoreceptors imbedded in the various liga-
ment structures may also vary. The result of
all these numerous variations can produce a
wide spectrum of corrupted muscle response
patterns for seemingly similar injury causing
events. Further, each low back pain patient is
unique, for example with respect to the anat-
omy, mechanical properties of ligaments and
muscle response to the trauma, adding further
to the muscle response pattern variability.
There are limitations to the hypothesis.
Back pain is a complex multifactorial prob-
lem, and a single hypothesis cannot explain
each and every clinical and research observa-
tion, and there may also be alternative expla-
nations, such as instability (46, 47), and/or
pain (32, 54). It is recognized that the pain
is a subjective experience. Besides affecting
the muscle system via the corrupted mech-
anoreceptor signals, ligament injury may also
result in muscle atrophy and weakness due
to disuse, thus directly affecting the spinal
system function. Additionally, muscle injury,
fatigue, atrophy, and so forth may aggravate
the spinal system dysfunction. As the muscles
participate in the feedback loop via the mech-
anoreceptors in the form of muscle spindles
and golgi tendon organs (figure 3), their
disruption could further corrupt the muscle
response pattern. However, an injured muscle
may heal relatively quickly due to abundant
blood supply, and, therefore, may not be the
main cause of chronic back pain. In contrast,
the ligament injuries heal poorly and, there-
fore, may lead to tissue degeneration over
time (40, 41). Thus, the ligament injuries
are more likely to be the major cause of the
chronic back pain. The corrupted transducer
signals may be the result not only of the liga-
ment injury, but also due to ligament fatigue
and viscoelastic creep stretch (61), but such
an effect is often reversible given sufficient
rest, and, therefore, may not always lead to
chronic back pain. The clinical and research
studies presented constitute only a small, but
an important and quite representative sample,
of the vast literature available on the subject
of back pain. It is recognized that there may
be other studies whose explanation may or
may not fit the new hypothesis. In general,
hypotheses and models are extremely dif-
ficult, if not impossible, to fully validate (45).
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They can only attempt to explain the avail-
able findings, and may be used to predict
outcomes in specific situations.

Can the system adapt to the subfailure
injury of the mechanoreceptors? A minor
subfailure injury is probably repaired or
compensated with no long-term consequenc-
es. A mild subfailure injury, on the other
hand, may be successfully compensated in
the short-term by temporarily modifying the
chosen muscle response pattern. However,
the modification may be difficult to maintain
overtime, as it is likely to produce excessive
tissue loads and muscle fatigue. Lapses in the
maintenance of the modified muscle response
pattern may occur from time to time. Could
this be the mechanism for recurrent episodes
of back pain that many patients experience?
(57, 71) On the other hand, if the corrupted
muscle response pattern becomes permanent,
then it may result in abnormal posture, dis-
turbed intervertebral motion pattern, altered
gait and, in general, a less efficient system to
perform every day spinal functions.

One can speculate as to the possible treat-
ment options based upon the hypothesis.
The incoming corrupted transducer data
may never become normal, even though
the ligaments, incorporating the injured
mechanoreceptors, may heal/scar over time.
After breaking the cascade of injury, inflam-
mation, and pain by suitable drug treatment,
the patient may be encouraged to retrain the
neuromuscular control unit to produce an
altered muscle response pattern that is suited
to both the corrupted transducer signals and
activities of daily living. The criterion for
the altered muscle response pattern may be
the reduction of stresses and strains of the
ligaments, loads on facet joints, and muscle
forces, which may reduce the back pain. A
set of tasks may be designed for this purpose.
The tasks may be repeated and varied. Im-
provement in the efficiency of the neuromus-
cular control unit may develop over time,
with concomitant relief of back pain. Several
clinical studies have incorporated these and
similar ideas. Re-training exercises involv-
ing muscle control have shown promising
results in both chronic low back pain (22,
23, 70) and neck pain (56, 64, 66) patients,
compared to traditional therapies. More re-
search is needed in this area. I hope that the
presentation of this hypothesis will stimulate
discussion among clinicians and researchers
in biomechanics to evaluate the usefulness of
the hypothesis towards better understanding
of back pain, development of more precise
diagnostic methods, and design of more ef-
ficient treatments for back pain patients.
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Conclusions

A new hypothesis of chronic back pain based
upon muscle system dysfunction due to liga-
ment injuries is described. Subfailure injuries
of the ligaments and embedded mechanore-
ceptors generate corrupted mechanoreceptor
signals. Consequently, the neuromuscular
control unit produces corrupted muscle
response pattern, resulting in excessive
loading and, possibly, injuries of the spinal
structures, including additional injuries of the
mechanoreceptors. The hypothesis accounts
for many of the common and important ex-
perimental observations and clinical findings
seen in low back pain and whiplash patients.
In the low back pain patients, it explains
findings of delayed muscle response, poor
balance, inefficient postural control, greater
error in re-positioning the trunk, muscle
spasm and greater variability in the tasks
performed. In the whiplash patients, both the
decreased motion in active testing and in-
creased motion in passive-relaxed testing are
explained. The hypothesis proposes that the
dysfunction of the muscle system over time
may lead to chronic back pain via additional
mechanoreceptor injury, and neural tissue
inflammation.
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