
Introduction

Despite technological advances, the identification of a
specific structural cause remains elusive in the majority of
individuals with low-back pain (LBP) [1]. Notwithstand-
ing the lack of success to date, the pursuit of relevant
subgroups of individuals with LBP remains a research
priority [6, 7, 9, 12]. Lumbar spine instability has been
considered by many to represent an important subgroup

of those experiencing LBP [23, 43]. Numerous definitions
and perspectives on lumbar instability have been
proffered [23, 44, 61], yetmanyquestions persist regarding
the clinical presentation and diagnosis of the condition.

Specific surgical and non-surgical treatment ap-
proaches have been proposed for patients thought to
have lumbar instability, and preliminary evidence sug-
gests that individuals with LBP due to instability may
preferentially respond to these specific interventions.
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Abstract Forty-nine patients with
low-back pain referred for flexion-
extension radiographs due to suspi-
cion of lumbar instability were
studied to examine the relationship
between the clinical presentation and
the presence of radiographic insta-
bility of the lumbar spine. Patients
had a mean age of 39.2
(±11.3) years, with a mean Oswest-
ry score of 20.4% (±13.3). The
median duration of symptoms was
78 days. All patients underwent
both a radiographic and clinical
examination. The reliability of the
radiographic variables was high,
while the reliability of clinical vari-
ables ranged from moderate to
good. Twenty-eight patients (57%)
had radiographic instability based
on published norms. Clinical vari-
ables related to the presence of
radiographic instability were age,
lumbar flexion range of motion,
total extension range of motion, the
Beighton scale for general
ligamentous laxity, and segmental

intervertebral motion testing. The
presence of at least 53� of lumbar
flexion or a lack of hypomobility
with intervertebral motion testing
resulted in a positive likelihood ratio
of 4.3 (95% CI: 1.8, 10.6), for pre-
dicting radiographic instability. The
results of this study indicate that
various factors from the clinical
examination are useful for predicting
radiographic instability. If the find-
ings of this study can be replicated,
these clinical factors could be used
to inform treatment decision-making
without a sole reliance on radio-
graphic assessment.
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Lumbar fusion is presumed to be the surgical treatment
of choice for individuals with LBP due to instability [52],
while non-surgical management has focused on stabil-
ization exercises [27, 29, 43]. Research evidence suggests
that patients with instability may respond better to these
treatments than alternative approaches [10, 26, 42, 62,
63]. Directing patients towards these specific interven-
tions relies on an accurate method of detecting lumbar
instability [19].

Knuttson [32] originally described a method for
diagnosing segmental instability using lateral radio-
graphs with the patient performing maximum lumbar
flexion and extension. The amount of sagittal plane
translation and rotation occurring at individual spinal
motion segments are calculated from the radiographs,
and comparisons are made with studies defining normal
magnitudes of rotational and translational movement
[15, 16, 46, 47]. White and Panjabi [61] defined criteria
for diagnosing instability from flexion-extension radio-
graphs as sagittal plane translation greater than 4.5 mm
or greater than 15% of the vertebral body width, or
sagittal plane rotation of greater than 15� at L1/L2, L2/
L3 or L3/L4, greater than 20� at L4/L5, or greater than
25� at L5/S1 [61].

Although concerns about the validity of flexion-
extension radiographs have been raised [5, 25, 53], this
method has become the standard by which lumbar
instability is diagnosed [15, 16, 40, 47]. Other proposed
‘‘gold standards’’ for diagnosing instability include intra-
operative spinal stiffness measures or external fixation;
however, these methods may not be practical for routine
use in patients managed non-surgically [2, 8]. Numerous
clinical findings are proposed to indicate instability, but
the validity of these findings remains largely unreported.
History variables suggested to be diagnostic of instability
include frequent recurrent episodes of LBP, short-term
relief from manipulation, a history of trauma, or
improvement of symptoms with a rigid brace or external
fixation [20, 37, 55]. Others have recommended palpation
for the presence of a ‘‘step-off’’ between adjacent spinous
processes, aberrant motions such as an ‘‘instability
catch’’ [30, 41], or increased mobility with passive inter-
vertebral motion testing [45]. The purpose of this study
was to examine the relationship between clinical findings
and a flexion-extension radiographic examination. Spe-
cific variables from the history and physical examination
were examined for their accuracy in predicting lumbar
instability on the radiographic examination.

Materials and methods

Study population

This study examined a prospective cohort of patients
referred for flexion-extension radiographs based on

suspicion of instability. Inclusion criteria were a chief
complaint of LBP with or without radiation into the
lower extremities, and less than 60 years of age. Patients
were excluded if there was a contraindication to radio-
graphic assessment (e.g., current pregnancy), previous
lumbar fusion surgery, or the inability to actively flex
and extend the spine adequately to permit an assessment
of segmental motion due to pain or muscle spasm. The
study protocol was approved by the Institutional
Review Board of the University of Pittsburgh and all
participants signed an informed consent document.

Experimental protocol

Study participants underwent both a radiologic and
clinical examination, performed by separate examiners,
who were blinded to the results of the other examina-
tion. For 40 patients the examinations were performed
on the same day. The other 13 patients had no longer
than 2 weeks between examinations.

Radiologic examination

Flexion-extension radiographs of the lumbar spine were
taken using previously described methodology [48]. The
patient first sat at the edge of a tall stool with feet flat on
the floor and arms folded across the chest. The patient
was instructed to flex forward as far as possible for the
flexion radiograph. For the extension radiograph, the
patient stood with arms folded, and was asked to extend
as far as possible. Performing flexion in sitting and
extension in standing has been found to produce opti-
mum segmental spinal movements and can be measured
with high intra- and inter-rater reliability.

Measurements of sagittal plane translation and
rotation were made using methods described by White
and Panjabi [61]. Sagittal plane rotation for each motion
segment was calculated as the difference between the
Cobb angle measurements taken in the flexion and
extension positions. Sagittal plane translation was as-
sessed for both the flexion and extension radiographs.
The magnitude of the translation at each segment was
calculated by measuring the displacement of the superior
vertebra as a percentage of vertebral body width of the
inferior vertebra. This method avoids inaccuracies
related to magnification [15]. The criteria of White and
Panjabi [61] for determining rotational or translational
instability were applied at each motion segment.

All rotation and translation measurements were made
directly on the film by one rater, who was blind to the
clinical examination results. The intra-rater reliability of
the measurements was assessed in the first ten patients. In
these patients the rater made measurements of rotation
and translation from the patient’s radiographs on one
occasion, then repeated the measurements 10–14 days
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later. The order of the radiographs for the second mea-
surement was randomized, and the patient’s identifying
information was masked to minimize the possibility of
recall.

Clinical examination

The clinical examination consisted of self-report, history
and physical examination variables performed by one
physical therapist blind to the radiographic results. In-
ter-rater reliability of the physical examination was
examined in a subset of 38 patients. In these patients, a
second physical therapist, blind to the results of the
radiographic assessment and the first examination, re-
peated the examination after approximately 5 min of
rest.

Self-report measures included demographic informa-
tion as well as the Fear Avoidance Beliefs Questionnaire
(FABQ) [59] and modified Oswestry disability ques-
tionnaire [21]. The FABQ contains two subscales
assessing fear-avoidance beliefs about work (seven
items), and physical activity (four items). Fear avoidance
beliefs have been associated with prolonged disability,
work loss, and deconditioning in individuals with LBP
[22, 31, 56, 57]. The OSW is a ten-item measure of dis-
ability for patients with LBP. The version used in this
study was modified from the original [17] by replacing
the item on sex life with an item about employment/
home-making. Both the original and modified versions
have excellent reliability and validity for assessing dis-
ability [13, 21, 54].

Historical information obtained included duration
and distribution of symptoms, prior history of LBP, and
response to previous treatments. The physical exami-
nation included the following:

Range of motion (ROM) Range of motion measures
were taken with a single inclinometer using methods
described by Waddell et al. [58]. Lumbar, pelvic and
total flexion, total extension, side-bending, and straight
leg raise (SLR) were assessed. Discrepancies in side-
bending and SLR were computed by taking the absolute
value of the right-side measurement minus the left-side
measurement. The ratio of extension to flexion ROM
was computed as well as the ratio of lumbar flexion to
total flexion ROM. These variables have been suggested
to be indicative of instability [15, 19, 34].

Physical impairment index (PII) Four ROM tests (total
flexion, total extension, average lumbar side-bending,
and average straight leg raise), and three other tests
(bilateral active straight leg raise, active sit-up, and
spinal tenderness) were combined to form the physical
impairment index [58]. Each test is scored as impaired
(1) or negative (0) based on published cut-off values;
resulting in a total impairment score from 0 to 7.

Tests for lumbar instability Five tests proposed to indi-
cate instability were performed:

– Aberrant motion: Any aberrant motions present dur-
ing flexion-extension ROM were recorded, including
an instability catch [42], painful arc of motion, ‘‘thigh
climbing’’ (Gower’s sign), or a reversal of lumbopelvic
rhythm [14].

– Posterior shear test: The test was performed with the
patient standing with the hands across the lower
abdomen. The examiner placed one arm over the
patient’s crossed arms. The heel of the other hand was
placed on the patient’s pelvis for stabilization. The
examiner produced a posterior shear force through
the patient’s abdomen, and an anteriorly-directed
stabilizing force with the opposite hand. The test was
repeated at each lumbar level. A positive test occurred
if familiar symptoms were provoked, and is proposed
to indicate lumbar instability [14].

– Beighton hypermobility scale: General ligamentous
laxity was assessed with the nine-point Beighton scale.
One point was given for each of the following: knee
hyperextension >10�, elbow hyperextension >10�,
fifth finger hyperextension >90�, thumb abduction to
contact the forearm, and ability to flex the trunk and
place hands flat on the floor with knees extended [3].

– Intervertebral motion testing: Intervertebral motion
was tested with the patient prone. The examiner
contacted the spinous process with the hypothenar
eminence and produced a posterior-anterior force.
The mobility of each segment was judged as normal,
hypermobile, or hypomobile. The presence of pain
was recorded as present or absent.

– Prone instability test: The prone instability test is
performed with the patient prone with the trunk
supported on the examining table and feet resting on
the floor. With the patient in this position, the
examiner performs an intervertebral motion test to
each level of the lumbar spine. Any provocation of
pain is recorded [38]. The patient then lifts the legs off
the floor and the intervertebral motion test is re-
peated. If pain is present in the resting position but
subsides in the second position, the test is positive.

Data analysis

Reliability was assessed for the radiographic and phys-
ical examination variables using kappa coefficients for
dichotomous variables [11], intraclass correlation coef-
ficients (ICC model 3,1) for radiographic variables, and
ICC (2,1) for continuous physical examination variables
[50]. Patients were dichotomized based on the presence
or absence of radiographic instability. The translation
and rotation values of each lumbar segment were com-
pared with published thresholds defining instability [61].
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Each segment was graded as normal (no instability),
unstable in translation, unstable in rotation, or unstable
in rotation and translation. Because studies have re-
ported large variability and high false positive rates with
flexion-extension radiographs [5, 16, 25], we required a
patient to meet one of the following criteria to be cate-
gorized as having instability: (1) two segments with ei-
ther rotational or translational instability, or (2) one
segment with both translational and rotational insta-
bility.

Clinical variables were examined for univariate rela-
tionships with radiographic instability. Continuous
variables were compared using independent samples t-
tests and categorical variables with Pearson chi-square
tests. A significance level of P<0.05 was used for all
tests. Variables with significant univariate relationships
were examined further. A cut-off value maximizing the
prediction of radiographic instability was established for
retained continuous variables by calculating sensitivity,
specificity, positive and negative likelihood ratio (LR)
values [51] for all possible cut-off points. Because the
goal was to predict instability, the cut-off score pro-
ducing the largest value for the lower bound of the 95%
confidence interval (CI) for the positive LR was selected
[49]. Sensitivity, specificity, and positive and negative
LR values were also calculated for each retained cate-
gorical variable. All retained variables were entered into
a step-wise logistic regression equation (P=0.05 to enter
and 0.10 to remove) to determine the most parsimonious
set of predictors for instability. Sensitivity, specificity,
positive and negative LR values were calculated at each

step of the final regression model. The optimal classifi-
cation criteria for instability were determined from the
set of variables maximizing the positive LR for pre-
dicting radiographic instability.

Results

Between December 2001 and October 2002, 53 patients
were recruited. Four were excluded because the radio-
graphs were insufficient to permit the determination of
stability at all lumbar levels. Mean age of the 49 patients
was 39.2 (±11.3) years, 28 (57%) were female, and 41
(84%) reported a prior history of LBP. Further char-
acteristics are outlined in Tables 1, 2.

Intraclass correlation coefficients values for radio-
graphic variables ranged from 0.84 to 0.99 for transla-
tion measures and 0.81 to 0.96 for rotation measures.
Reliability coefficients for physical examination vari-
ables are listed in Table 3. The presence of rotational
and translational instability at each lumbar level are
displayed in Fig. 1. Overall, 28 patients (57%) were
classified as having instability.

From the history and demographics, only age showed
a significant relationship with instability. Seven variables
from the physical examination were significantly differ-
ent between groups. Three of these variables related to
flexion ROM (total flexion ROM, lumbar flexion ROM,
and percentage of total flexion from the lumbar spine).
Because of the high correlations among these variables,
we examined the point-biserial correlations between

Table 1 History and demographic variables

All subjects
(n=49)

Radiographic
instability
present (n=28)

Radiographic
instability
absent (n=21)

Significance

Age (years) 39.2 (11.3) 35.7 (11.5) 44.0 (9.3) 0.01
Gender (% female) 57.1% 60.7% 52.4% NS
Duration of current symptoms
(median days)

78 123 49 NS

Distribution of symptoms
Back/buttock only (%) 63.3% 60.7% 66.7% NS
Symptoms distal to the knee (%) 30.6% 32.1% 28.6% NS
Prior history of LBP (%) 83.7% 82.1% 85.7% NS
LBP Episodes becoming more frequent (%) 30.6% 39.3% 19.0% NS
Percent of those with prior bracing
treatment who experienced improvement

66.7%
(n=15)

42.9% (n=7) 87.8% (n=8) NS

Percent of those with prior manipulation
treatment reporting improvement

75.7%
(n=37)

75.0% (n=20) 76.5% (n=17) NS

Percent of those with prior extension exercise
treatment reporting improvement

55.6%
(n=18)

55.6% (n=9) 55.6% (n=9) NS

Percent of those with prior traction treatment
reporting improvement

50.0%
(n=20)

40% (n=10) 60% (n=10) NS

Oswestry disability score 20.4 (13.3) 18.9 (11.9) 22.4 (15.1) NS
FABQ work subscale 12.9 (11.8) 13.0 (10.6) 12.8 (13.4) NS
FABQ physical activity subscale 15.0 (6.5) 14.3 (5.6) 15.9 (7.6) NS

Values represent mean (standard deviation) unless otherwise indicated
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each flexion variable and the radiographic classification.
Lumbar flexion had the highest correlation with the
radiographic classification and therefore only this vari-
able was retained for further analysis to avoid multico-
linearity. Accuracy statistics for retained variables are
given in Table 4. The lack of hypomobility during
intervertebral motion testing had the highest positive LR
value for predicting radiographic instability.

The logistic regression model contained two vari-
ables; lumbar flexion ROM and lack of hypomobility
with intervertebral motion testing. Naglekerke’s R2 for

the model was 0.51. If the classification criteria for
instability required both findings to be present (i.e.,
lumbar flexion ROM>53�, and a lack of hypomobility),
there were no false positive results (Table 5). The posi-
tive LR value associated with this criterion was esti-
mated by adding 0.5 to each cell to avoid division by
zero [60]. A value of 12.8 was obtained, although the
95% CI was wide (0.79, 211.6). If the criterion for
instability was defined as having either one or two of
these findings present, the positive LR was smaller (4.3)
but the 95% CI was narrower (1.8, 10.6).

Table 2 Physical examination variables. Values represent mean (standard deviation) unless otherwise indicated. (Discrepancy values were
calculated as the absolute value of the left-side measurement minus the right-side measurement)

All subjects
(n=49)

Radiographic
instability
present (n=28)

Radiographic
instability
absent (n=21)

Significance

Total flexion (�) 101.5 (21.2) 108.9 (18.7) 91.6 (20.7) 0.004
Pelvic flexion (�) 53.2 (16.5) 54.2 (18.3) 51.9 (13.9) NS
Lumbar flexion (�) 48.2 (13.6) 54.6 (9.0) 39.7 (14.3) <0.001
Percent of total flexion from
lumbar spine (%)

47.6% (12.5) 51.4% (11.4) 42.5% (12.3) 0.012

Total extension (�) 25.0 (6.8) 26.7 (7.4) 22.8 (5.2) 0.047
Extension to flexion ratio 0.25 (0.08) 0.25 (0.08) 0.26 (0.07) NS
Average side-bending (�) 34.8 (15.3) 33.8 (14.1) 36.3 (16.9) NS
Side-bending discrepancy (�) 4.3 (5.5) 5.1 (6.8) 3.2 (2.7) NS
Average straight leg raise (�) 85.3 (13.2) 87.6 (11.9) 82.2 (14.4) NS
Straight leg raise discrepancy (�) 3.1 (2.9) 3.7 (3.2) 2.4 (2.1) NS
Physical impairment index 1.1 (1.4) 0.86 (1.2) 1.5 (1.6) NS
Aberrant motion during lumbar
range of motion (% yes)

14.3% 17.9% 9.5% NS

Beighton scale 1.5 (1.9) 1.9 (2.1) 0.90 (1.4) 0.048
Posterior shear test (% positive) 55.1% 57.1% 52.4% NS
Prone instability test (% positive) 53.1% 60.7% 42.9% NS
Lack of hypomobility present during
intervertebral motion testing (% yes)

73.5% 57.1% 95.2% 0.003

Any hypermobility present during
intervertebral motion testing (% yes)

34.7% 46.4% 19.0% 0.046

Any pain during intervertebral
motion testing (% yes)

79.6% 76.2% 82.1% NS

Table 3 Reliability coefficients for physical examination variables (n=38 unless otherwise indicated)

ICC (95% CI) Percent
agreement

Kappa (95% CI)

Total flexion (�) 0.91 (0.72, 0.96)
Pelvic flexion (�) 0.85 (0.73, 0.92)
Lumbar flexion (�) 0.60 (0.33, 0.79)
Total extension (�) 0.61 (0.37, 0.78)
Average side-bending (�) 0.53 (0.27, 0.72)
Average straight leg raise (�) 0.70 (0.42, 0.84)
Physical Impairment Index (n=35) 0.75 (0.48, 0.88)
Beighton scale 0.72 (0.50, 0.85)
Aberrant motion during lumbar range of motion 87% )0.07 ()0.45, 0.31)
Posterior shear test 64% 0.27 (0.14, 0.41)
Prone instability test 85% 0.69 (0.59, 0.79)
Hypomobility during intervertebral motion testing 77% 0.38 (0.22, 0.54)
Hypermobility during intervertebral motion testing 77% 0.48 (0.35, 0.61)
Any pain during intervertebral motion testing 82% 0.57 (0.43, 0.71)
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Discussion

Although numerous examination findings are proposed
to be indicative of lumbar segmental instability, few
studies have examined the relationship between these
findings and stability during flexion-extension radio-
graphic assessment. Our findings support some previ-
ously-hypothesized relationships and fail to support
others. We found patients with radiographic instability
were younger, supporting the theorized etiological se-
quence of stabilization following a period of instability
in patients with LBP [37]. Lumbar flexion ROM mea-
sures were also predictive of instability, which is not
surprising given previous research demonstrating good
correlation between inclinometer and radiographic
measurements of lumbar ROM [33]. We found greater
ligamentous laxity as measured with the Beighton scale
in patients with instability, supporting the proposed

relationship between generalized laxity and spinal
mobility [35]. The literature does not suggest that indi-
viduals with generalized laxity are at greater risk for
developing LBP,[24, 33] or to experience greater pain
and disability due to an episode of LBP[36]. Several
variables, such as aberrant motions or a favorable re-
sponse to prior immobilization, did not show the ex-
pected relationship with instability. Further research is
needed to explore if these variables are actually useful
for diagnosing instability.

An important finding for predicting instability was
lumbar intervertebral motion testing. Patients judged to
have hypomobility were unlikely to have instability,
while those judged to have hypermobility were more
likely to have instability; further supporting the con-
struct validity of intervertebral motion testing. Lund-
berg and Gerdle [35] found good correlations between
segmental assessment of intervertebral motion and sag-
ittal plane lumbar ROM. Flynn et al. [18] found patients
with LBP judged to have hypomobility were more likely
to respond to a manipulation intervention than those
without hypomobility. The findings of the current study
suggest that patients with LBP without hypomobility
may be more likely to respond to a program of lumbar
stabilization exercises; however, this hypothesis requires
further research.

Logistic regression retained two variables: lumbar
flexion ROM>53�, and a lack of hypomobility with
intervertebral mobility testing, explaining about half of
the variability in the radiographic classification. We did
not obtain oblique or standing neutral radiographs, and
were therefore unable to identify a spondylolytic lesion
or spondylolesthesis. These abnormalities or other
measures of bony morphology of the lumbopelvic region

Fig. 1 Frequency of rotational and/or translational instability at
each lumbar segment (n=49)

Table 4 Accuracy statistics for the variables retained for further analysis

Variable associated with
radiographic instability

Sensitivity Specificity Positive LR Negative LR

Age <37 years old 0.57 (0.39, 0.74) 0.81 (0.60, 0.92) 3.0 (1.2, 7.7) 0.53 (0.33, 0.85)
Lumbar flexion >53� 0.68 (0.49, 0.82) 0.86 (0.65, 0.94) 4.8 (1.6, 14.0) 0.38 (0.21, 0.66)
Total extension >26� 0.50 (0.33, 0.67) 0.76 (0.55, 0.89) 2.1 (0.90, 4.9) 0.66 (0.42, 1.0)
Beighton scale >2 0.36 (0.21, 0.54) 0.86 (0.65, 0.94) 2.5 (0.78, 8.0) 0.75 (0.54, 1.0)
Lack of hypomobility during
intervertebral motion testing

0.43 (0.27, 0.61) 0.95 (0.77, 0.99) 9.0 (1.3, 63.9) 0.60 (0.43, 0.84)

Any hypermobility present during
intervertebral motion testing

0.46 (0.30, 0.64) 0.81 (0.60, 0.92) 2.4 (0.93, 6.4) 0.66 (0.44, 0.99)

Table 5 Accuracy statistics for combinations of the two variables (lack of hypomobility during intervertebral motion testing and lumbar
flexion ROM>53�) in the logistic regression model

Sensitivity Specificity Positive LR Negative LR

At least one variable present 0.82 (0.64, 0.92) 0.81 (0.60, 0.92) 4.3 (1.8, 10.6) 0.22 (0.10, 0.50)
Both variables presenta 0.29 (0.13, 0.46) 0.98 (0.91, 1.0) 12.8 (0.79, 211.6) 0.72 (0.55, 0.94)

m aNo false positive results were present in this analysis, 0.5 was added to each cell to avoid division by zero error
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may have explained further variability in the radio-
graphic classification [4, 28]. In addition, differences in
the passive properties of soft tissue have been identified
in individuals with greater articular mobility[39], but no
assessments were made in this study. Our purpose was to
examine clinical variables, and therefore these variables
were not included in the study.

Likelihood ratios provide the best assessment for
diagnostic tests [44]. In this study we focused on the
positive LR because it expresses the change in odds
favoring the presence of instability given a positive test.
The positive LR of 9.0 for a lack of hypomobility with
intervertebral motion testing was the best individual test
for instability. Based on this LR, if a clinician suspected
a patient with LBP of having instability with 50% cer-
tainty (roughly the prevalence of instability in this
study), a lack of hypomobility would increase the
probability of instability to 90%. The best positive LR
(12.8) was achieved when both lumbar flexion
ROM>53�, and a lack of hypomobility were found.
With both present, the probability of instability in-
creases from 50 to 93%. The negative LR of 0.22 is also

useful. Among patients who do not have either finding,
the probability of having radiographic instability de-
creases from 50 to 18%. It is important to note that the
confidence intervals around these LR statistics were
noticeably wide, and therefore replication of these
findings is needed.

Conclusions

Certain findings from the history and physical exami-
nation were predictive of radiographic instability. The
two most predictive factors were lumbar flexion ROM
and a lack of hypomobility during lumbar intervertebral
motion testing. The presence of both findings increased
the probability of instability from 50 to 93%. Further
research is needed to determine if patients with LBP who
have these findings will respond preferentially to lumbar
stabilization exercises or fusion interventions.
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