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L
ow back pain (LBP) remains a significant health care issue with reportedly
over 50% prevalence in the general population and over 70% likely to
experience at least one episode of LBP during in their lifetime [1,2]. The

annual incidence has been estimated to involve almost half of the population,
resulting in over $40 billion in economic costs in the form of medical treatment
and lost wages [3,4]. The social and economic impact of LBP is evident in the
literature and in practice. Considering the high prevalence of LBP, it is not
surprising that 2% of the United States workforce are compensated for back
injuries each year [4], suggesting an enormous economic burden reaching
$25 billion annually [5].

The prevalence of nonspecific LBP may vary because of vague diagnostic
and research-based definitions of nonspecific LBP and the myriad of possible
etiologies and associated comorbidities [6,7]. Regardless of these issues, nonspe-
cific LBP presents a major clinical problem because of the likelihood of high
cost [5], limited activity levels [8], and recurrence [9]. Recurrent episodes, par-
ticularly those that cause modified or limited activity levels in people who
choose to or who must remain active.

LBP that does not require surgical intervention presents a clinical dilemma
for the treating physicians and therapists. Nonspecific LBP has been defined
as a recurring, benign, and self-limiting condition [10], but it causes consider-
able pain for patients and reduced quality of life, demanding a multidisciplinary
treatment strategy. Although many treatment strategies for nonspecific LBP
have been studied at length, the recurrent nature of nonspecific LBP suggests
that optimal and most effective treatment strategies have yet to be defined
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clearly. It is important for clinicians to progress through a careful process of
evaluation and ruling out to reach the appropriate diagnosis and make appro-
priate treatment recommendations. An understanding of underlying structural
and neuromuscular components contributing to the development of LBP and
the consequences of such injury in active individuals warrants consideration
when developing treatment strategies.

This article discusses neuromuscular deficits that are present in people who
have LBP. Additionally, it discusses how stability of the lumbar, pelvic, and hip
regions (collectively called the core) contributes to neuromuscular deficits in
people who have LBP.

SUBJECTIVE MEASURES OF LOW BACK PAIN SEVERITY
The Oswestry Disability Index (ODI) originally was presented in the literature
in 1980 in a small sample [11] and later modified [12]. Its current form func-
tions to identify disturbances in activities of daily living caused by LBP. The
ODI was developed to define low back disability and thus assess changes
associated with treatment of an LBP population. It is the most commonly
used functional outcome questionnaire, representing an estimated 59% of all
randomized control trials that use similar tools [13]. The original study used
only 25 participants, and each was retested within 24 hours. Despite the con-
founding changes that can occur in a symptomatic population over time, excel-
lent reliability has been reported for its one day test–retest reliability [14], with
naturally reduced reliability for retest after 1 week [15].

To complete the ODI, subjects rate their disability caused by LBP in 10 cat-
egories (pain intensity, personal care, lifting, walking, sitting, standing, sleeping,
social life, traveling, and homemaking/employment). Some versions include
a question about sex life instead of homemaking/employment. Numeric values
are assigned to the disability description that is selected by the subject/patient,
where low scores indicate less perceived disability, and high scores indicate
greater disability. The total score is tallied and normalized to a percentage,
where smaller percentages indicate less disability. Scores under 20% indicate
minimal functional disability; 20% to 40% scores indicate moderate disability,
and 40%–60% scores indicate a severe disability [11]. People who have chronic
LBP, and people without low back pain have been compared using the ODI. A
weighted mean of 43.3 for chronic LBP sufferers and 10.2 for people without
low back pain has been reported previously [16]. Therefore it is possible for
a person to perceive disability according to the ODI without having a history.

The Roland-Morris Disability Questionnaire (RDQ) is a measure of health
status relative to disability caused by LBP [17]. The RDQ lists 24 statements
regarding disability caused by LBP. Subjects/patients select which statements
pertain to them (ie, which statements they perceive to be true for them at
the time they are completing the questionnaire). The range of scores is 0 to 24,
with 0 indicating no disability. The test–retest reliability originally was reported
to be very good (r ¼ .91) if administered on the same day, with reduced reliabi-
lity over time [18], and it is sensitive to changes in patients’ LBP [19].
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A complete side-by-side comparison of the ODI and RDQ has been presented
previously [20].

Both the ODI and RDQ are short, simple surveys that are effective in
describing current state and changes in disability caused by LBP. In previous
research, subject/patient interview/history-taking has been used to identify
patients who have recurring LBP. For example, people reporting more than
three episodes of LBP in the past year and/or more than five lifetime episodes
have been identified as a group with a history of recurring episodes of LBP,
where an episode of LBP was defined as that which causes a limitation or mod-
ification to daily, routine activities [21–23]. People who have recurrent LBP
according to these criteria and who report to be recreationally active have
been found to respond differently following fatiguing lumbar paraspinal
exercise [21–24]. Proper identification of LBP for research purposes is of
utmost importance and may differ based on the research question and study
design. For example, the subjective rating scale may need to match the primary
outcome of the study. Although the ODI may work well for a young and active
population, quantifying the number of previous episodes of LBP has success-
fully identified neuromuscular differences compared with healthy control sub-
jects (average age of low back pain subjects was approximately 22 years)
[21,23]. No specific subjective rating scale, however, has been developed and
validated for a young and athletic population.

RISK FOR DEVELOPING LOW BACK PAIN
The etiology of chronic low back dysfunction has been described as 70% from
internal disc disruption, zygapophyseal (facet) joint pain, and sacroiliac joint
pain [25]. LBP has been attributed to sacroiliac joint dysfunction, accounting
for up to 15% of LBP [25]. Ten percent to 40% of LBP cases arise from lumbar
facet joints [26]; however, LBP arising from a combination of disc and facet
joint is rare [27]. The relative contribution of the sacrococcygeal joint is not
well-reported in the literature; however, it has been proposed that dysfunction
of the coccyx also can contribute to LBP [28].

The likelihood of experiencing LBP increases with age, where the peak prev-
alence of LBP occurs in people aged 55 to 64 years in the United States but
seems to cause the greatest level of activity level limitations in persons younger
than 45 years [4,29]. The likelihood of experiencing LBP also increases with
time, where lifetime prevalence is highest, indicating 85% to 90% of the popu-
lation are likely to experience an episode of LBP in their lifetime, and about 2%
to 5% of the population report experiencing an episode of back pain at least
once every year [30–32]. A person who has an episode of recurrent LBP expe-
riences a 60% to 70% recovery rate by 6 weeks and a 80% to 90% recovery rate
by 12 weeks following onset [4]. Residual LBP symptoms and recurrence, how-
ever, are common. Longer-duration LBP may reduce the likelihood of return-
ing to work or activity considerably [4]. Lengthy durations of LBP symptoms
also reduce the likelihood of recovery. Patients reporting symptoms for more
than 6 months have 50% chance of returning to work and may never
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experience pain-free periods of uninterrupted work greater than 2 years [33].
This suggests that recurrent LBP and chronic LBP considerably limit func-
tional ability and may have a profound effect on quality of life.

Previous LBP seems to be the best predictor for the likelihood of experienc-
ing a future episode of LBP [34,35]. Physical and biological measures, however,
also have proven valuable tools for predicting LBP. Weakness and imbalances
in the muscles that surround the hips, spine, and pelvis [36–38]; poor abdom-
inal muscle endurance [39]; hamstring tightness [39–41]; poor spinal flexibility
[39,41]; and reduced lumbar lordosis [41] are associated with risk for develop-
ing episodes of LBP. Although it is likely that a different combination of factors
influences the development of each episode of LBP, recurring episodes pose
a major clinical dilemma because of the risk for chronic disability. Therefore,
recurrent, nonspecific and nonsurgical LBP presents a challenge to the surgical
or rehabilitation team, because pinpointing an underlying cause is extremely
difficult.

Panjabi [42] has put forth the concept of clinical instability. This is not insta-
bility that an orthopedist would have to treat surgically but a lack of segmental
control of the lumbar spine. An intricate interplay between the osseo-ligamen-
tous system, the myofascial system, and the neural control system works to-
gether to provide stability to the lumbar spine and surrounding areas such
as the hips and pelvis. Disruption in any of these systems will lead to a lack
of segmental control. The ability to maintain the spinal segment in a neutral
zone is important for maintaining overall stability and preventing spinal
pain. Stability of most joints in the body is maintained by a combination of
the different tissues including the osseo-ligamentous system, muscular system,
and the neuromuscular system [42–46]. The ability of the patient to maintain
an efficient coordination between these systems will allow him or her to func-
tion without undue stress on other systems.

LOW BACK PAIN AND CORE STABILITY
Practitioners have been inundated for some time now regarding the importance
of the core. The core of the body has been identified as the structures about the
lumbo-pelvic-hip complex [47]. Active and passive structures in this area pro-
vide dynamic and static stability to this area of the body, which provides an
essential base for appendicular movement. Core stability is instantaneous
and relies heavily on muscular capacity (ie, endurance) and neuromuscular
control [48]. An intricate relationship between these factors provides core sta-
bility and allows for appropriate control of movement and positioning of the
trunk over the pelvis and legs [49] during activity, which, in turn, provides a sta-
ble base for extremity movement and efficient absorption of forces transmitted
through the extremities during complex multijoint activities.

There is a distinction between muscles that provide gross movement and those
that provide intrinsic stability of the various segments of the spine. Bergmark [50]
suggested that most muscles that act on the trunk can be categorized into local
or global divisions. The local division can be defined as those muscles that act
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locally, typically across just one or two joints, and function to provide segmental
stability [50]. Conversely, the global division may be defined as muscles that act to
provide gross motion and contribute very little to segmental stability [50].

Recent literature supports the theory that recurrent, nonspecific LBP is the
result of inefficient neuromuscular control of the transverse abdominus muscle
[51–53]. The integrity of the muscle tissue is not faulty, but the way people who
have LBP plan movements is not effective. The transverse abdominus muscle
should become more active before the prime mover of any limb. In people who
have LBP, this is not the case. Essentially, the way a person with LBP prepares
for movement is at fault [51–53]. In the presence of inappropriate and/or aber-
rant muscle activity caused by poor core stability, potentially detrimental body
positions and neuromuscular adaptations may prevail as the person who has
LBP continues with activities of daily living because of necessity or persistence.
These adaptations may explain the recurrent nature of LBP and may be dis-
couraging to the LBP sufferer, resulting in modified or limited activity levels.
Inappropriate neuromuscular or positional adaptations also may expose joint
surfaces to excessive and unusual forces, thereby exposing to further injury lo-
cal to the site of dysfunction (ie, the core) and ultimately reduce quality of life.

NEUROMUSCULAR CHARACTERISTICS OF PERSONS
WITH LOW BACK PAIN
Panjabi [54] presented three subsystems for spinal stability. Ligaments and
bones comprise the passive subsystem; muscle makes up the active subsystem,
and the nervous tissue serves as the control subsystem (Fig. 1). Function of the
control subsystem in the neutral zone of the spine’s range of motion [43,44] is
Passive

Subsystem 

Active

Subsystem 

Control

Subsystem 

Fig. 1. Panjabi’s theoretic model of the three subsystems associated with control of the spine.
(Data from Panjabi MM. The stabilizing system of the spine. Part II. Neutral zone and instability
hypothesis. J Spinal Disord 1992;5(4):390–6. Panjabi MM.) The stabilizing system of the spine.
Part I. Function, dysfunction, adaptation, and enhancement. J Spinal Disord 1992;5(4):383–9.
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integral to preventing LBP. It is at this neutral zone in the range of motion
where the passive structures (passive subsystem) of the spine contribute little
to each segment’s stability [55]. Faulty control of the deep local muscles may
lead to a back injury or recurrence [55,56].

Nonspecific LBP often is attributed to weak abdominal musculature. Although
this may be true, a mass of evidence points toward a faulty motor program. The
literature indicates that a preactivation of the transverse abdominus before
peripheral movements of the upper [52,57] or lower extremity [52] occurs in
healthy people (without low back pain). The fact that some of the stabilizing
muscles of the trunk are activated in a feed-forward fashion suggests they play
an integral role in the performance of peripheral movements and protecting
the spine in preparation for movement. In the case of subjects who have LBP,
the transverse abdominus muscle does not activate in advance [43]. This delay
may put stress on the passive structures of the spine and pelvis at the initiation
of movement, as the spinal segments and pelvis are not being influenced by
dynamic or static stabilizers.

The intervertebral joints of the lumbar spine require a cocontraction for
stability [58]. In normal stance, the lumbar segments are in an open-packed
position because of the lack of passive restraint at this point in space. This point
in space where lumbar segments have no passive restraints acting on them has
been termed the neutral zone [59] and requires muscle contraction to stabilize.
The lumbar vertebrae and pelvic girdle can be stabilized effectively by cocon-
tracting the transverse abdominus and multifidus muscles [60–63]. This tech-
nique may be valuable for two reasons. One, it will increase intra-abdominal
pressure, thereby stabilizing the lumbar segments [60] and, two, it may com-
press the sacroiliac joints [64]. Other muscles may contribute to sacroiliac joint
stability. These muscles include the gluteus maximus, erector spinae, biceps
femoris, and latissimus dorsi [58], but the extent to which each of these contrib-
utes the stability of the sacroiliac joint remains speculative.

Conversely, cocontractions of the superficial abdominal musculature (ie, the
rectus abdominus and external obliques) also may provide significant stability
to lumbar segments, but it is probably not as efficient as cocontractions of
the transverse abdominus and multifidus muscles [58]. This hypothesis was
generated by investigating the intra-abdominal pressure change associated
with each contraction type [65]. Regardless, cocontractions that recruit abdom-
inal muscles may generate intra-abdominal pressure to stabilize the lumbar seg-
ments during most movements [66–68].

LOW BACK PAIN, CORE STABILITY, AND EXERCISE
Persons who have LBP tend to have weakness and imbalances in the muscles
that surround the hips and pelvis [36–38] which may absorb impact forces of
running and walking less efficiently. The failure to absorb the forces of gait
with weak lower extremity muscles may impose high demand on lumbar
spine-stabilizing muscles during gait and exercise [36]. It is concerning that
people who have LBP exhibit increased lumbar paraspinal muscle activity
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during gait [69] and lifting exertions [70]. Higher demand placed on weaker,
fatigable, unbalanced, and possibly inhibited muscles may prevent patients
from being active or result in harmful neuromuscular or postural adaptations
during exercise. During prolonged exercise, neuromuscular adaptations in peo-
ple who have LBP may alter gait mechanics placing lower extremity joints, in-
cluding the sacral and lumbar spine, at risk for injury or degeneration.

Patients who have LBP commonly exhibit fear of pain or reinjury because
of movement [71,72] possibly resulting in gait adaptations including slower
walking speeds [67]. Accordingly, LBP sufferers perceive they are less physi-
cally active compared with their preinjury condition [8] and may continue to
perceive pain and disability related to back pain a year after onset despite
the lack of physician consultation after 3 months [73]. This is of concern for
LBP sufferers who want, or need, to maintain an active lifestyle. LBP sufferers
may adapt to their pain and disability through coping mechanisms to continue
their normal activities possibly through self-treating/medicating or through
modification/limitation of activities. Formal patient education and guided
exercise intervention can reduce frequency of LBP recurrence and severity
of individual episodes of LBP [74] and help chronic LBP sufferers to return
to work or normal activities [75–77].

There is an abundance of information in the medical literature about kine-
matic variables and specific temporal patterns of gait in people who have LBP,
including stride length, cadence and speed. People who have LBP tend to
walk at slower speeds [68,78] and tend to take shorter strides during gait [79].
Kinematic differences during activity in people who have LBP exist, including
differences in hip range of motion and increased stride–stride variability
[78,80]. People who have LBP also may exhibit lateral trunk list (deviation of
the trunk over the pelvis) [79] and reduced lumbar lordosis [41] that likely
will cause a more anterior position of the trunk. Changes in trunk positioning
during standing or during gait is of concern for people who have LBP because
of the possibility of altered spatial location of the body’s center of gravity, which
may result in a reorganization of lower extremity movements and forces during
gait. For example, LBP sufferers walk with reduced hip extension range of
motion [81] and may use different adaptive mechanisms while walking at
more challenging, faster speeds [69], including increased lumbar muscle activity
[82,83]. This increase in lumbar paraspinal muscle activity may be an adaptive
mechanism for more efficient center of gravity location and avoid anterior
and/or lateral deviations of the trunk.

Surface electromyography has been used to measure paraspinal muscle
endurance during lumbar extension exercise as a shift in the median frequency
(MedF) of the EMG power spectrum [84]. MedF shifts provide an ‘‘appropriate
representation of biochemical events’’ during sustained, fatiguing contractions
and describe a change in recruitment from high frequency to low frequency
motor units [85]. High fatigability (quicker rates of MedF shift during fatiguing
exercise) of the lumbar paraspinal muscles is associated with the presence of and
risk for developing LBP [85]. Therefore it is likely that people who have a history
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of LBP will exhibit different rates of fatigue in the paraspinal muscles during
prolonged exercise. Because the force producing capacity of a muscle is reduced
as it fatigues, people who have LBP may require a compensatory strategy from
surrounding muscles to maintain the desired level of activity or function.

MODELS OF CORE INSTABILITY
Poor lumbar extension endurance, measured as the duration of sustained
isometric contraction of the lumbar paraspinals (ie, the Biering-Sorensen
test), has been identified as a risk factor for developing LBP [86–88]. Likewise,
people who have current LBP [89] or a history of LBP [90] exhibit poor lumbar
extension endurance compared with controls. Therefore, people who have
poor lumbar spinal endurance may progress quickly to a state of core instabi-
lity during exercise. These models may contribute to the understanding of the
recurrent nature of LBP. Research using isolated lumbar paraspinal fatigue [91]
creates a simulated condition of poor core stability to study potential adapta-
tions during exercise in controlled settings.

In healthy individuals, localized lumbar paraspinal fatigue caused deteriorated
standing postural control [92] and produced a forward-leaned position of the
body, defined as an anterior excursion of the center of pressure and center of
mass during static stance [91,92]. In addition, the variability in anterior–posterior
and medial–lateral trunk displacement following lumbar paraspinal fatigue was
increased significantly during static stance [92]. This finding supports previous
findings that lumbar paraspinal fatigue causes deteriorated trunk proprioception
[93], which also has been observed in persons with chronic low back pain [94].
These neuromuscular changes suggest that fatigue in muscles that stabilize the
core is accompanied by a coping mechanism that may increase risk for falls,
thereby increasing the risk for injury and reducing quality of life. In people
who have recurrent LBP and core instability, the lumbar spine musculature is
likely to fatigue quicker, relative to surrounding muscles, during exercise or ac-
tivity. Therefore, the body may adapt, through positional and neuromuscular
changes during gait, to maintain symmetry and balance while preserving
function.

There are also neuromuscular adaptations in response to local lumbar para-
spinal fatigue. Immediately following lumbar paraspinal fatigue, healthy sub-
jects experienced a reduction in quadriceps neural activation (measured with
the superimposed burst technique) [21,22,24], suggesting a reduced ability to
voluntarily recruit quadriceps motor units, despite the fact that subjects did
not experience quadriceps fatigue, and had healthy lower extremity joints. In
addition, during jogging gait, healthy people experienced reduced knee joint
torques during the loading phase of jogging gait immediately following lumbar
paraspinal fatigue [24]. Reduced knee joint torques, suggesting a quadriceps
avoidance strategy, has been observed in people who have knee joint injury
or degeneration. A similar pattern, however, was observed in healthy people
without knee injury. Finally, fatigue in the hamstring muscles explained vari-
ance in increased quadriceps inhibition following fatiguing isometric lumbar
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extension exercise in people who had recurrent LBP, not controls [23]. This
suggests that people who have LBP may be using their hamstring muscles
more as an adaptive mechanism following lumbar fatigue, possibly because
of existing weakness in those muscles.

CORE INSTABILITY AND LOWER EXTREMITY INJURY RISK
The relationship between the lumbar/pelvic and hip regions with the remainder
of the lower extremity is intuitive. Clinicians routinely evaluate knee, leg,
ankle, and foot mechanics in people who have LBP. Likewise, it is common
to evaluate for pelvic obliquities in the presence of lower extremity overuse
syndromes and other injuries. In a recent review article, Wilson and colleagues
[47] wrote, ‘‘core stability may provide several benefits to the musculoskeletal
system, from maintaining low back health to preventing knee injury.’’ This
statement is supported by recent knee injury epidemiologic studies suggesting
that lower extremity injury risk may be explained partially by neuromuscular
function of the core. Zazulak and colleagues [95] measured transverse plane
trunk proprioception in athletes and followed them prospectively for 3 years.
They reported a mean, statistically significant difference of 0.7� in transverse
plane trunk active reposition error in females who experienced knee joint
injuries compared with females who did not sustain knee injury during the
follow-up period. This small difference resulted in an 2.9-fold increased odds
ratio for experiencing a knee injury for every degree in increased transverse
plane active position error. In addition, small differences in maximum
flexion, extension, and lateral trunk displacement in response to a sudden per-
turbation was a significant predictor for knee ligament injury, with 91% sensi-
tivity and 68% specificity, indicating that greater trunk displacements predict
knee ligament injury [96]. Therefore, small differences in core proprioception
and neuromuscular control may have profound effects on lower extremity in-
jury risk in active populations.

Changes in posture in the presence of core instability may exist during exer-
cise. It has been proposed that people who have chronic LBP exhibit more
forward-leaned postures, which may be because of the loss of lumbar lordosis
commonly seen in people who have LBP. In theory, a forward-leaned posture
or a reduction in trunk proprioception would cause a shift the center of mass,
resulting in a reorganization of lower extremity moments during activity. For
example, in the sagittal plane, a more anteriorly displaced center of mass would
cause ground reaction forces to pass closer to the knee joint in the sagittal
plane, resulting in altered knee joint mechanics. This is concerning since
poor ground reaction force attenuation by eccentric quadriceps activity may
lead to proximal transmission of forces through the knee, hip, and lumbar
spine joints. This combined with the possibility of reduced quadriceps muscle
activation (increased inhibition) in the presence of lumbar paraspinal fatigue
leaving the musculature of the lumbar spine responsible to absorb an excessive
amount of force. In the presence of core instability, the muscles surrounding
the spine may be fatigued and/or unconditioned and unable to efficiently
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provide stability. In essence, this creates an environment for the lumbar spine
where excessive demand is placed on weak and inhibited muscles, placing the
surrounding static stabilizing tissues of the lumbar spine, pelvis, and hips at risk
for injury or degenerative processes. This cycle of neuromuscular, kinetic, and
kinematic events may explain the recurrent nature of nonspecific low back pain
in the active individual and is an area of future investigation involving models
of core instability and exercise models with people who have LBP.
SUMMARY
Recurrent and nonspecific LBP presents a clinical dilemma for the treating clini-
cian, because it is a major source of pain, limited activity levels, and reduced
quality of life in patients. Weakness, imbalance, poor endurance, and motor
control in the muscles that stabilize the core are a likely culprit that can be
addressed easily with a multidisciplinary strategy including rehabilitation and
exercise prescription. Neuromuscular and postural adaptations occurring as a re-
sult of poor core stability may explain the recurrent nature of low back pain and
may place lower extremity joints at risk for injury or degenerative processes.
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