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reliminary Development of a Clinical Prediction Rule for
etermining Which Patients With Low Back Pain Will
espond to a Stabilization Exercise Program
regory E. Hicks, PhD, PT, Julie M. Fritz, PhD, PT, ATC, Anthony Delitto, PhD, PT, Stuart M. McGill, PhD
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ABSTRACT. Hicks GE, Fritz JM, Delitto A, McGill SM.
reliminary development of a clinical prediction rule for de-

ermining which patients with low back pain will respond to a
tabilization exercise program. Arch Phys Med Rehabil 2005;
6:1753-62.

Objective: To develop a clinical prediction rule to predict
reatment response to a stabilization exercise program for pa-
ients with low back pain (LBP).

Design: A prospective, cohort study of patients with nonra-
icular LBP referred to physical therapy (PT).
Setting: Outpatient PT clinics.
Participants: Fifty-four patients with nonradicular LBP.
Intervention: A standardized stabilization exercise program.
Main Outcome Measure: Treatment response (success or

ailure) was categorized based on changes in the Oswestry
isability Questionnaire scores after 8 weeks.
Results: Eighteen subjects were categorized as treatment

uccesses, 15 as treatment failures, and 21 as somewhat im-
roved. After using regression analyses to determine the asso-
iation between standardized examination variables and treat-
ent response status, preliminary clinical prediction rules were

eveloped for predicting success (positive likelihood ratio
LR], 4.0) and failure (negative LR, .18). The most important
ariables were age, straight-leg raise, prone instability test,
berrant motions, lumbar hypermobility, and fear-avoidance
eliefs.
Conclusions: It appears that the response to a stabilization

xercise program in patients with LBP can be predicted from
ariables collected from the clinical examination. The predic-
ion rules could be used to determine whether patients with
BP are likely to benefit from stabilization exercises.
Key Words: Classification; Exercise; Low back pain; Re-

abilitation.
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PATHOLOGY-BASED DIAGNOSTIC approach to low
back pain (LBP) sets forth the idea that LBP is defined by

deviation of the lumbopelvic complex from its normative
hysiologic and anatomic state.1 On application of the pathol-
gy-based model to LBP, one must first identify a structural
ault and then treatment can be directed at correction of the
ault. As a result of this treatment and subsequent correction,
he signs and symptoms should dissipate.2 A pathology-based
pproach to diagnosis for LBP has proven difficult because of
he inability to identify a structural pathology in the vast
ajority of patients with LBP.3

Despite the difficulties in identifying structural pathology for
ost patients, many authors continue to suggest that patients
ith LBP are not a homogenous group, but rather should be

lassified into subgroups that share similar clinical character-
stics (eg, age, symptom duration, distribution).4-6 This type of
lassification system could guide diagnosis and treatment and
mprove overall decision making in the management of LBP
atients.7 It may also improve research by denoting homoge-
ous subgroups for treatment outcome studies.8

Patients with lumbar segmental instability (LSI) have been
roposed as a unique subgroup of patients with LBP.7,9-11 LSI
as been defined as a condition in which there is a loss of
tiffness between spinal motion segments, such that normally
olerated external loads result in pain or deformity or place
eurologic structures at risk.10 The diagnosis of LSI has tradi-
ionally relied on the use of lateral flexion and extension
adiographs.12-14 Thresholds for defining LSI have been devel-
ped from studies that have examined the magnitude of rota-
ional and translational movement normally available at each
pinal motion segment during flexion and extension of the
umbar spine.14,15 However, the use of these criteria for defin-
ng LSI has proven unsatisfactory because of high false-posi-
ive rates.16,17 For example, Hayes et al17 found that 42% of
symptomatic subjects had at least 1 segment exceeding the
nstability thresholds. The inadequacies associated with the use
f imaging to diagnosis LSI have led to a greater emphasis on
linical characteristics that may be indicative of the condition.
istorical variables, presence of an “instability catch,” or ex-

essive intervertebral mobility have been suggested as diag-
ostic18-20; however, the validity of these findings is mostly
nknown. Because of the current lack of a true reference
tandard for confirmation of LSI, it is not possible to accurately
iagnose LSI clinically; therefore, another approach should be
onsidered.

If LSI could be accurately diagnosed, the conservative treat-
ent of choice would be a lumbar stabilization program to

ddress the tissue damage and resultant loss of spinal stiffness
aused by mechanical overload to the spinal stabilizing system.
he goals of stabilization exercise are to train muscular motor
atterns to increase spinal stability, restrain aberrant micromo-
ion, and reduce associated pain. Although several studies that
bserved muscle onset and electromyographic patterns have
uggested that certain muscles are important stabilizers,21 mea-

urement of stability was not performed. In contrast, those

Arch Phys Med Rehabil Vol 86, September 2005
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1754 SUCCESS WITH STABILIZATION, Hicks

A

tudies that have quantified stability22,23 unanimously agree
hat all muscles play a role in ensuring spine stability and that
he motor patterns of cocontraction between the full comple-
ent of muscles are of utmost importance to ensure stability

nd minimize pain. Although the exercises used in this study
re often described in the literature as targeting a specific
uscle group, electromyography studies show that the exer-

ises will challenge groups of muscles in a way that enhances
verall spinal stability.
Recent research24-26 has shown that exercise programs can

e designed to challenge the stabilizing muscles of the spine in
way that appears to be effective for at least certain subgroups
f patients with LBP. The development of a valid method for
dentifying this subgroup of patients would help clinicians in
etermining which patients with LBP are most likely to benefit
rom this exercise program. The purpose of this study was to
xplore the value of various demographic, historic, and clin-
cal examination variables for predicting outcome after par-
icipation in a program of spinal stabilization exercises. The
eference standard used to determine success was change in
isability.

METHODS
We conducted a prospective cohort study involving patients

eferred to physical therapy (PT) with LBP. Subjects were
ecruited from new patients referred for treatment of LBP to 1
f 3 outpatient PT clinics located in the Pittsburgh, PA, area or
he outpatient PT clinic at Keesler Air Force Base Medical
enter (Biloxi, MS). All new patients with complaints of LBP,
ith or without leg pain, over the age of 18 were eligible for
articipation. Exclusion criteria were as follows: previous spi-
al fusion surgery; LBP attributable to current pregnancy;
cute fracture, tumor, or infection; and presence of 2 or more of
he following signs of nerve root compression: diminished
ower-extremity strength, sensation, or reflexes. All subjects
eviewed and signed a consent form approved by the Univer-
ity of Pittsburgh Health Sciences Institutional Review Board.

herapists
Four licensed physical therapists participated in the exami-

ation and treatment of subjects in this study. All therapists
eceived written instructions and specific training regarding all
tudy procedures. Each therapist had to pass a written test to
how an acceptable level of knowledge regarding subject re-
ruitment, clinical examination, and exercise progression.

xamination Procedures
At baseline, subjects were evaluated by the treating physical

herapist. The evaluation consisted of the collection of basic
emographic information, subject self-report measures, ques-
ions of history, and physical examination measures.

Each subject completed a numeric pain rating to assess
everity of pain by using an 11-point (0–10) scale.27 The Fear
voidance Beliefs Questionnaire (FABQ)28 was used to mea-

ure the level of fear-avoidance beliefs. The FABQ has 2
ubscales that measure fear-avoidance beliefs about work (7-
tem scale) and physical activity (4-item scale). The Modified
swestry Low Back Pain Disability Questionnaire (ODQ)29 is
disease-specific measure of disability among patients with

BP. This questionnaire has been used extensively in random-
zed trials and has shown excellent reliability and good con-
truct validity in comparison with other pain and disability
easures.29-31 The ODQ was assessed at baseline and after 8
eeks of treatment and served as the reference standard for

etermining the success of the treatment program. o

rch Phys Med Rehabil Vol 86, September 2005
All subjects underwent a standardized history and physical
xamination. History taking included questions proposed to
ndicate the presence of LSI,7,18,19 including mode of onset,
uration of symptoms, number of previous episodes of LBP,
nd response to various interventions for previous episodes.
ubjects were also asked about the distribution of symptoms
or the current episode and were asked to rank sitting versus
tanding and walking and morning versus evening with respect
o their symptoms.

Operational definitions for components of the physical ex-
mination are included in appendix 1. The physical examina-
ion included lumbar spine range of motion (ROM) measured
ith a single inclinometer. Waddell et al32 found these mea-

urements to be highly reliable (intraclass correlation coeffi-
ient [ICC] range, .86–.95). Any aberrant motions believed to
e associated with LSI occurring during the performance of
umbar ROM were noted, including an instability catch,33,34

ainful arc of motion,35 “thigh climbing” (Gower’s sign), or a
eversal of lumbopelvic rhythm.7 Subjects were categorized as
ither having or not having aberrant motions present, a deter-
ination found to be reliable in a previous study.36 Posterior-

nterior lumbar mobility testing37 was performed at each spinal
evel. Although the reliability coefficients for these judgments
enerally have been shown to be only fair,38,39 percentage
greement among examiners is high36 and mobility judgments
ave been shown to be useful for determining which patients
ith LBP may respond to a manipulation intervention.40 Gen-

ralized ligamentous laxity was assessed on a 9-point scale
escribed by Beighton and Horan.41 Higher numbers indicate
reater laxity. We previously found the reliability of this scale
o be excellent (ICC�.79).36 Two special tests proposed to
ndicate LSI, the prone instability42 and posterior shear7 tests,
ere performed. We found the prone instability test (��.87) to
e more reliable than the posterior shear test (��.35),36 but the
alidity of these tests has not been studied previously.
Muscle endurance of the spinal extensors and lateral flexors

as assessed by using the modified Biering-Sorenson extensor
ndurance test and the side support test, respectively, which
ave been found to be highly reliable (ICC range, .93–.99).43

wo strength tests, the active sit-up and active straight-leg
aising (SLR) tests, were also used. These tests have been
ound to be both reliable (� range, .48–.77) and valid in a
revious study.32

reatment
All study participants underwent PT treatment consisting of

he same stabilization program. Subjects were scheduled to
ttend supervised therapy sessions twice weekly for an 8-week
eriod and were asked to perform exercises at home daily.
ubjects were asked to complete a compliance log for home
xercises to verify performance. The treatment program used
as a specific stabilization program based on current evidence

rom the biomechanical and electromyography studies.25,44-46

he exercise program was designed to challenge and encourage
tabilizing motor patterns for the primary stabilizing muscles of
he spine including the rectus abdominus, transversus abdomi-
us,44,45 internal oblique abdominals,47 erector spinae and mul-
ifidus,25,44,48,49 and quadratus lumborum.50 The stabilization
xercise program focused on encouraging repeated submaxi-
al efforts to mimic the function of these muscles in spine

tabilization.44,46 The exercises for each muscle group and
riteria for progression are listed in table 1. Progression of the
xercise program was directed by the physical therapist based

n the criteria given.
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1755SUCCESS WITH STABILIZATION, Hicks
ata Analysis
The outcome of treatment was determined based on the

hanges in the ODQ between the baseline and 8-week assess-
ents. For each subject, the points of change in the ODQ score

ver 8 weeks (initial ODQ score�8-wk ODQ score), and
he percentage change in the ODQ score ([initial ODQ
core�8-wk ODQ score]/initial ODQ score�100%) were cal-
ulated. Any subject with a percentage change of 50% or
reater was classified as a stabilization treatment success. For
ubjects with less than a 50% improvement, the points of
hange in the ODQ score were examined. Subjects experienc-
ng less than 6 points of improvement on the ODQ were
lassified as stabilization treatment failures. All other subjects
ith at least 6 points of improvement but less than 50%

mprovement were classified as improved with stabilization
reatment.

The rationale for the criteria for defining stabilization suc-
ess and failure comes from the literature and previous expe-
ience with the ODQ. In previous studies, patients with LBP
elieved to be appropriately matched to their treatment pro-
ram experienced an improvement in ODQ scores from 57% to
3%, whereas patients receiving unmatched treatments expe-
ienced improvements ranging from 20% to 38% over a 1- to
-week treatment period.7,51-54 In addition, O’Sullivan et al26

sed a similar exercise program for patients with spondylolis-

Table 1: Stabilization Exercises With

Primary Muscle Group* Exercises

Transversus abdominus Abdominal bracing
Bracing with heel slides
Bracing with leg lifts
Bracing with bridging
Bracing in standing
Bracing with standing row exercise
Bracing with walking

Erector spinae/multifidus Quadruped arm lifts with bracing
Quadruped leg lifts with bracing
Quadruped alternate arm and leg lift

Quadratus lumborum Side support with knees flexed
Side support with knees extended

Oblique abdominals Side support with knees flexed
Side support with knees extended

Although certain muscle groups are preferentially activated with e
y producing motor patterns of cocontraction among all spinal stab

Table 2: History and Demograp

History/Demographic Variables
All Subjects

(N�54)
S

Age (y) 42.4�12.7
Sex (% women) 57.4
Mode of onset (% sudden) 33.3
Duration of current symptoms (d) 40.6�44.2
Distribution of symptoms

Back/buttock only (%) 53.7
Distal symptoms (%) 46.3
Prior history of LBP (%) 70.4
More than 3 prior episodes 59.3

Episodes of LBP becoming more frequent (%) 40.1
Improved with prior bracing treatment (%) 3.7
Improved with prior manipulation treatment (%) 25.9
OTE. Values are mean � standard deviation (SD) unless otherwise indi
hesis or spondylolysis and reported a 48% improvement after
0 weeks in the intervention group. Based on these findings, we
elieve that subjects experiencing at least a 50% improvement
n ODQ score over 8 weeks responded successfully to the
tabilization intervention, and clinical decision making would
e enhanced if clinicians had a mechanism for identifying these
ndividuals. The minimum clinically important difference
MCID) in ODQ score has been calculated as 5 to 6
oints.7,29,54,55 Given the generally favorable natural history of
BP, we believe that subjects who did not even achieve the
CID in ODQ score over 8 weeks of treatment were appro-

riately considered to have failed the intervention. The ability
o identify such patients a priori would allow clinicians to
onsider alternative interventions.

Individual variables from subjects’ demographic, self-report,
istory, and physical examination were tested for a significant
nivariate association with stabilization success by using inde-
endent sample t tests for continuous variables and chi-square
ests for categoric variables. Univariate significance of individ-
al variables with stabilization failure was also assessed. Vari-
bles with a significant univariate association with either suc-
ess or failure (P�.10) were retained as potential predictor
ariables for that outcome. A more liberal significance level
as used because this step was intended to filter variables with
o association with outcome, and we did not wish to exclude

ria for Progression of Each Exercise

Criteria for Progression

30 repetitions with 8-s hold
20 repetitions per leg with 4-s hold
20 repetitions per leg with 4-s hold
30 repetitions with 8-s hold, then progress to 1 leg
30 repetitions with 8-s hold
20 repetitions per side with 6-s hold

30 repetitions with 8-s hold on each side
30 repetitions with 8-s hold on each side

h bracing 30 repetitions with 8-s hold on each side
30 repetitions with 8-s hold on each side
30 repetitions with 8-s hold on each side
30 repetitions with 8-s hold on each side
30 repetitions with 8-s hold on each side

xercise sequence, each exercise progression will promote stability
g muscles.

ariables Assessed at Baseline

ded With Treatment
(n�18)

Improved With Treatment
(n�21)

Failed With Treatment
(n�15)

38.2�13.4 43.2�11.8 46.5�12.5
55.6 61.9 53.3
33.3 33.3 33.3

35.3�41.5 35.7�38.0 52.0�54.0

66.7 47.6 46.7
33.3 52.4 53.3
72.2 71.4 66.7
72.2 61.9 40.0
44.4 52.4 20.0
5.6 4.8 0

16.7 28.6 33.3
Crite

s wit
hic V

uccee
cated.
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A

ny potentially useful predictor variables. Any continuous vari-
ble found to have a significant univariate association with
utcome was further explored by constructing a receiver oper-
tor characteristic (ROC) curve. The ROC curve was used to
etermine a cutoff point defining a positive test.7,54,56 The point
earest the upper left hand corner of an ROC curve represents
he cutoff score with the best diagnostic accuracy.57 This
oint7,54 was therefore selected as the cutoff score defining a
ositive test. Accuracy statistics (sensitivity, specificity, posi-
ive and negative likelihood ratio [LR] values) with the corre-
ponding 95% confidence interval (CI) were calculated based
n this cutoff score. For categoric variables with significant
nivariate relationships, accuracy statistics with 95% CI were
alculated.58

For the prediction of success, the “target condition” used to
alculate accuracy statistics was success with stabilization. The
ocus for the prediction of success was on maximizing the
ositive LR because this value represents the change in odds
avoring success given a positive diagnostic test result. For the
rediction of failure, the “target condition” was not failing with
tabilization (ie, experiencing either improvement or success).
he focus for the prediction of failure was therefore on mini-
izing the negative LR value. A test with a small negative LR
ould serve as a useful screening tool because this indicates

hat a negative result would substantially decrease the odds of
favorable result (improvement or success) with stabilization

reatment.
All variables with a significant univariate relation to treat-
ent outcome were then used to develop multivariate clinical

rediction rules. If more than 5 variables were found to have a
ignificant relation to an outcome, then the variables were
ntered into a forward stepwise logistic regression equation to
educe the number of predictors. A significance of .15 was
equired to enter, and a significance of .20 was used to remove
variable from the equation. More liberal significance levels
ere used because this is the first approximation of a clinical
rediction rule. Once the number of predictor variables was
etermined, the clinical prediction rule was developed by ex-
mining the accuracy statistics for various combinations of the
etained variables.

RESULTS
A total of 57 subjects gave informed consent for participa-

ion between September 2001 and May 2002. Three subjects
nitially agreed to participate but withdrew after several days
ecause they did not want to commit to the time required.
ecause no data were obtained from these subjects, they were
ot included in the analysis. One subject began the stabilization
rogram but dropped out after 2 weeks for an unknown reason.
his subject was included in the analysis and considered a
tabilization failure. A total of 54 subjects were therefore

Table 3: Self

Self-Report Variable
All Subjects

(N�54)
Suc

Pain rating 4.5�2.4
FABQ work subscale 13.9�12.0
FABQ physical activity subscale 14.6�5.9
Baseline ODQ score 29.7�13.7
Change in ODQ score with treatment (points) 10.0�10.3
Change in ODQ score with treatment (%) 34.6�39.3

OTE. Values are mean � SD.
ncluded in the analysis.

rch Phys Med Rehabil Vol 86, September 2005
Table 2 provides descriptive information. The mean age �
tandard deviation (SD) was 42.4�12.7 years; 57.4% were
omen and 85.2% were white. Thirty-eight (70.4%) subjects

eported a history of LBP that required activity modification.
he mean ODQ score at baseline was 29.7�13.7 (table 3).
ighteen (33.3%) subjects experienced a 50% or greater im-
rovement in ODQ score over 8 weeks and were categorized as
tabilization successes. Of the remaining 36 subjects, 15
27.8%) experienced less than a 6-point improvement on the
DQ and were categorized as stabilization failures. The re-
aining 21 (38.9%) subjects were categorized as improved
ith stabilization treatment. Initial and follow-up ODQ scores

or the 3 outcome groups are shown in figure 1. The mean
umber of PT visits attended during the 8-week treatment
eriod was 9.7�2.2, and there was no association between the
umber of visits and change in ODQ score over the 8-week
eriod (P�.05).

Tables 3 and 4 show the results of the history and demo-
raphic and physical examination findings. Four variables were
ignificantly related to success and were retained as potential
redictors: age (cutoff value defining a positive test �40y),
verage SLR (cutoff value defining a positive test �91°), the
resence of aberrant movement during lumbar ROM, and a
ositive prone instability test (table 5). Nine variables were
etained as potential predictors of failure (table 6), including
he FABQ physical activity subscale (cutoff value defining a
ositive test �8 points), pain rating (cutoff value defining a
ositive test �2), lumbar flexion ROM (cutoff value defining a
ositive test �33°), discrepancy in SLR (cutoff value defining
positive test �10°), 3 or more previous episodes of LBP,

ncreasing frequency of episodes of LBP, aberrant movement
uring lumbar ROM, the presence of hypermobility during
umbar spring testing, and a positive prone instability test.

Among the individual predictor variables for success, age
ess than 40 years had the greatest positive LR (3.7; 95% CI,

rt Variables

d With Treatment
(n�18)

Improved With Treatment
(n�21)

Failed With Treatment
(n�15)

4.3�2.4 5.2�2.6 3.3�1.9
3.6�10.5 17.2�12.3 9.5�12.4
5.1�6.4 16.2�4.9 11.9�5.9
5.3�11.4 39.3�11.5 21.6�11.1
8.1�7.3 11.3�4.8 �2.4�7.4
4.8�18.5 30.0�10.7 �10.0�33.7
-Repo

ceede

1
1
2
1
7

Fig 1. Initial and final ODQ scores for the 3 outcome groups.
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1757SUCCESS WITH STABILIZATION, Hicks
.6–8.3). This finding indicates that a subject under the age of
0 had a 3.7 higher odds of succeeding with stabilization
reatment. For the prediction of failure, the best individual
creening test was a FABQ physical activity subscale score of
reater than 8 (negative LR, .26; 95% CI, .08–.78), indicating
hat a negative result (ie, a score of �8) would decrease the
dds of experiencing some improvement with stabilization
reatment by .26.

The 4 predictors of success with stabilization were consid-
red for the multivariate clinical prediction rule. The best rule
or predicting success was the presence of 3 or more of the 4
ariables (positive LR, 4.0; 95% CI, 1.6–10.0) (table 7). The 9
otential predictor variables for failure were entered into a
tepwise logistic regression equation. Four variables were re-
ained in the final model (table 8) (FABQ physical activity
ubscale score �8, aberrant movement, prone instability test,

Table 4: Physical Examinatio

Physical Examination Variables
All Subjects

(N�54)
Succeede

Total flexion (deg) 88.5�22.9 94
Pelvic flexion (deg) 47.3�18.4 49
Lumbar flexion (deg) 41.5�13.6 44
Percentage of total flexion from

lumbar spine (deg)
47.8�14.0 49

Total extension (deg) 25.9�9.9 26
Left side–bending (deg) 27.6�8.4 28
Right side–bending (deg) 27.9�9.4 27
Average side-bending (deg) 28.0�8.1 28
Side-bending discrepancy* (deg) 4.7�5.2 5
Left SLR (deg) 77.6�13.7 82
Right SLR (deg) 77.9�14.6 82
Average SLR (deg) 77.7�13.7 82
SLR discrepancy* (deg) 5.6�4.3 5
Aberrant motion during lumbar

ROM (% yes)
59.3

Beighton scale score 0.9�1.7 1
Posterior shear test (% positive) 42.6
Prone instability test (% positive) 51.9
Active sit-up test (% positive) 13.0
Active SLR test (% positive) 20.3
Any hypermobility present

during spring testing (% yes)
20.3

Side support left (s) 27.7�24.9 32
Side support right (s) 26.3�24.6 29
Average side support (s) 27.0�24.5 30
Side support discrepancy* (s) 6.2�5.5 5
Extensor endurance (s) 49.0�45.8 51
Ratio average side support/

extensor endurance (%)
94.1�109.7 74

OTE. Values are mean � SD unless otherwise indicated.
Discrepancy values calculated as the absolute value of the right si

Table 5: Significant Univariate

Variable Associated With Success Signif Sensitivit

Age (�40y) .082 .61 (.39–.8
Average SLR (�91°) .069 .28 (.13–.5
Aberrant movement present .050 .78 (.55–.9
Positive prone instability test .034 .72 (.49–.8
OTE. Values are accuracy statistics (95% CIs).
bbreviation: Signif, significance.
ypermobility during lumbar spring testing). The best rule for
redicting failure occurred when a positive test was defined as
he presence of 2 or more of the 4 variables (negative LR, .18;
5% CI, .08–.38; positive LR, 6.3; 95% CI, 1.7–23.2) (see
able 8). This means that when only 1 or none of these 4
ariables was present, the odds of experiencing some improve-
ent with stabilization treatment decreased by a factor of .18.

f 2 or more of the 4 variables were present, the odds of some
mprovement with stabilization increased by 6.3.

DISCUSSION
Exercises designed to improve spinal stabilization have

ained popularity in the conservative treatment of patients with
BP; however, the evidence for the effectiveness of this ap-
roach is sparse and equivocal.59 A recent systematic review60

f exercise therapy for LBP concluded that exercise therapy

riables Assessed at Baseline

Treatment
)

Improved With Treatment
(n�21)

Failed With Treatment
(n�15)

5.8 84.2�25.9 87.5�12.3
3.1 42.2�17.9 51.2�10.6
2.4 42.3�15.7 36.9�11.1
4.3 50.8�15.2 42.0�10.6

.5 23.8�10.4 28.3�11.6

.7 28.0�9.3 26.2�9.2

.8 28.9�10.0 27.3�8.5

.7 28.4�9.2 26.7�8.3

.3 3.9�3.8 4.8�3.8
1.0 75.4�15.6 74.7�13.0
3.9 76.4�14.4 74.2�15.2
2.1 75.9�14.7 74.5�13.5
.3 4.9�4.4 7.2�3.9

66.7 26.7

.9 0.9�1.4 0.6�2.1
57.1 33.3
61.9 13.3
14.3 11.1
28.6 13.3
33.3 0

3.2 27.1�26.8 23.3�25.1
1.9 25.9�27.0 22.7�25.4
2.2 26.5�26.5 23.0�25.0
.1 7.1�5.8 5.6�4.3
8.5 48.3�43.7 46.7�58.4
7.6 102.2�133.4 108.8�135.3

inus the left side.

ictors of Stabilization Success

Specificity Positive LR Negative LR

.83 (.68–.92) 3.7 (1.6–8.3) .47 (.26–.85)

.92 (.78–.97) 3.3 (.90–12.4) .79 (.58–1.1)

.50 (.35–.66) 1.6 (1.0–2.3) .44 (.18–1.1)

.58 (.42–.73) 1.7 (1.1–2.8) .48 (.22–1.1)
n Va

d With
(n�18

.2�2

.9�2

.3�1

.2�1

.3�7

.3�6

.2�9

.5�6

.4�7

.4�1

.6�1

.5�1

.2�4
77.8

.1�1
33.3
72.2
11.1
16.7
22.2

.1�2

.7�2

.9�2

.6�6

.7�3

.7�4
Pred

y

0)
1)
1)
8)
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verall was not effective for patients with acute LBP but may
e helpful for those with chronic LBP. The review also noted
hat the evidence could not be used to examine the effective-
ess of specific types of exercise (eg, flexion, extension,
trengthening, stabilization) because of heterogeneity in study
opulations and interventions.60 The few studies that have
xamined specific stabilization exercise programs such as that
sed in this study in more homogenous populations have
hown promising results. O’Sullivan et al26 randomized pa-
ients with chronic, recurrent LBP who had a radiologic diag-
osis of spondylolysis or spondylolisthesis to receive either
tabilization exercises or usual care directed by a general
ractitioner and found statistically significant reductions in
ain and disability at a 30-month follow-up. Hides et al24,25

tudied patients with acute, first-time episode of unilateral
BP, comparing stabilization exercises particularly targeting

he multifidus muscle with usual medical management. No
ignificant differences in disability or pain were found after 4
eeks,25 but the stabilization group experienced significantly

ewer recurrences at 2- to 3-year follow-up.24 These studies
ndicate that a specific stabilization exercise approach may be
ffective for certain subgroups of patients. This study is an
nitial step in identifying the subgroup of patients for whom
his approach may be particularly effective.

The preliminary prediction rule for success with stabilization
reatment contains 4 variables: positive prone instability test,
berrant movements present, average SLR greater than 91o,
nd age greater than 40 years old. These variables seem rea-
onable based on the available theoretical literature regarding
SI and stabilization. The prone instability test works on the
remise that if pain is present on passive provocation testing of
he vertebral levels but disappears when the spinal extensors
re active, then the muscle activity may be able to stabilize the
egment and reduce pain, and the individual may benefit from
tabilization exercises. Several authors7,20,61 have suggested
hat the observation of aberrant movement patterns during

Table 6: Significant Univariate

Variable Associated With Failure Signif Sensi

FABQ physical activity subscale (�9) .032 .90 (.7
Initial pain rating (�3) .042 .77 (.6
Discrepancy in SLR (�10°) .093 .90 (.7
Percentage of total flexion from the

lumbar spine (�37%)
.058 .80 (.6

Fewer than 3 prior LBP episodes .074 .67 (.5
No increasing frequency of LBP

episodes
.054 .49 (.3

Aberrant movement absent .003 .72 (.5
No lumbar hypermobility with

spring testing
.021 .28 (.1

Negative prone instability test .003 .67 (.5

OTE. Values are accuracy statistics (95% CIs).
LR values estimated by adding 0.5 to each cell to avoid division by

Table 7: Clinical Prediction Rule for Pred

No. of Variables Present Sensitivity

One or more .94 (.74–.99)
Two or more .83 (.61–.94)
Three or more .56 (.34–.75)
OTE. Values are accuracy statistics (95% CIs). The best prediction rule
redictor variables (positive prone instability test, aberrant movement pr

rch Phys Med Rehabil Vol 86, September 2005
ctive trunk motion is valuable in the diagnosis of LSI. The
resence of aberrant movements may represent an inability to
dequately control lumbar motion and indicate a need for
tabilization exercises. Decreased SLR ROM is related to the
resence of radiculopathy and a generally worse prognosis.62-64

n our study, greater SLR mobility was associated with stabi-
ization success. The final predictor of success was younger age
�40y). Increased age is associated with decreased lumbar
xtensor muscle mass.65,66 Despite the evidence suggesting
etrimental effects to muscle with aging, there is encouraging
vidence that older men and women can still increase muscle
trength even up to age 90 with appropriate training.67 Adults
ver the age of 39 may require more than 8 weeks of training
o gain the same benefits as their younger peers with LBP.
dditionally, because of the decreased flexibility and ROM

ssociated with aging, it is also possible that older adults may
equire a combination of mobility-related interventions fol-
owed by stabilization exercise to achieve the same gains as
heir younger counterparts.

We also sought to develop a preliminary clinical prediction
ule for patients likely to fail with stabilization treatment. The
rediction rule contained 4 variables: negative prone instability
est, aberrant movements absent, FABQ physical activity sub-
cale score greater than 9, and no hypermobility with lumbar
pring testing. A negative prone instability test may indicate
hat muscular stabilization is not needed, and the absence of an
berrant movement pattern during active trunk motion may
ndicate an ability to control movement in a pain-free fashion.
he FABQ measures fear-avoidance beliefs in patients with
BP.28 In this study, lower levels of fear-avoidance beliefs
bout physical activity were associated with stabilization fail-
re. This is counter to other findings in the literature that
uggest higher levels of fear-avoidance beliefs are associated
ith poorer outcomes.68,69 Our findings may suggest that this

tabilization program preferentially helps patients with moder-
te to high levels of fear-avoidance beliefs to overcome their

ictors of Stabilization Failure

Specificity Positive LR Negative LR

) .40 (.20–.64) 1.4 (.98–2.3) .26 (.08–.78)
) .40 (.20–.64) 1.3 (.82–2.0) .58 (.25–1.3)
) .40 (.20–.64) 1.4 (.95–2.2) .32 (.11–.90)
) .40 (.20–.64) 1.3 (.85–2.1) .51 (.21–1.2)

) .60 (.36–.80) 2.0 (.81–4.7) .76 (.30–1.0)
) .80 (.55–.93) 2.4 (.84–7.0) .64 (.43–.95)

) .73 (.48–.89) 2.7 (1.1–6.4) .39 (.21–.69)
) 1.0 (.80–1.0) 9.2* (5.0–16.9) .74* (.59–.96)

) .87 (.62–.96) 5.0 (1.4–18.5) .39 (.24–.63)

error.

g Success With Stabilization Treatment

cificity Positive LR Negative LR

16–.44) 1.3 (1.0–1.6) .20 (.03–1.4)
40–.71) 1.9 (1.2–2.9) .30 (.10–.88)
71–.94) 4.0 (1.6–10.0) .52 (.30–.88)
Pred

tivity

6–.96
2–.87
6–.96
5–.89

1–.79
4–.64

6–.84
7–.44

1–.79
ictin

Spe

.28 (.

.56 (.

.86 (.
based on the positive LR value is the presence of at least 3 of the
esent, average SLR �91°, age �40y).
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ear, thus improving their disability level. Further work will be
eeded to clarify this issue. Finally, clinicians have suggested
hat hypermobility in the spine can be detected through mobil-
ty testing70,71 and is an indicator for stabilization exercises.72

he presence of hypomobility in the lumbar spine during
obility testing has been associated with the need for manip-

lation.40 Mobility testing of the lumbar spine may be a useful
linical tool for determining the type of treatment most likely
o benefit a particular patient.

LRs allow clinicians to determine the magnitude of the
robability shift expected based on the result of an individual
iagnostic test or a clinical prediction rule. The positive LR
epresents the change in odds favoring the condition of interest
stabilization success) when the criteria for the clinical predic-
ion rule are met.58 Therefore, a large positive LR is indicative
f a larger shift in probability toward a positive response to
tabilization. In this study, the prevalence, or pretest probabil-
ty, of stabilization success was 33%. The posttest probability
f stabilization success for a patient with at least 3 of the 4
redictor variables in the clinical prediction rule for success
positive LR, 4.0) would be 67%, suggesting that the patient
ay likely benefit from this stabilization program.
When examining the prediction rule for failure with the

tabilization program, we chose to examine the negative LR
ecause this statistic represents the change in odds favoring the
ondition of interest (some improvement with stabilization)
hen the criteria of the prediction rule are not met. In our

tudy, the prevalence of some success with stabilization was
2%. The posttest probability of some success with stabiliza-
ion for a patient with fewer than 2 of the 4 predictor variables
n the clinical prediction rule (negative LR, .18) would be
educed to 32%, indicating that this person may be more likely
o benefit from an alternative treatment approach. Conversely,
he positive LR for this criterion is 6.3 and increases the
ikelihood of experiencing at least some improvement from
2% to 94%. When a cutoff score of 3 or more positive
ndings is used, the positive LR increases to 18.8, thereby

ncreasing the probability of experiencing some improvement

Table 8: Clinical Prediction Rule for Pre

No. of Variables Present Sensitivity

One or more positive tests .97 (.88–1.0)
Two or more positive tests .85 (.70–.93)
Three or more positive tests .59 (.43–.73)
Four or more positive tests .18 (.09–.33)

OTE. Values are accuracy statistics (95% CIs). The best prediction r
redictor variables (prone instability test, aberrant movement, hype
LR values estimated by adding 0.5 to each cell to avoid division by
possible with the fingerti
The stabilization program used in our study was standard-
zed and each physical therapist involved followed the same
rotocol, but we acknowledge that clinician-based modifica-
ions to this program may produce superior results in certain
ituations. Although numerous types of stabilization exercises
ave been proposed, we believe the exercises used in this
rogram are fairly representative and supported by the litera-
ure. We also attempted to control for any other types of biases
hat could temper the results of our study. First, the reference
tandard was applied to all subjects equally, and the examiner
ho judged the reference standard (patient response to stabi-

ization) was blinded to the results of all diagnostic tests as well
s to the clinical presentation of the subjects to avoid review
ias. Additionally, the study design made it impossible for the
linician who judged the diagnostic test to be influenced by the
esult of the reference standard because it was not known until
he 8-week time point. Finally, the inclusion of consecutive
ubjects with LBP from clinical practice should decrease the
mpact of spectrum bias and make the results generalizable to
atients with LBP seeking outpatient PT treatment.

CONCLUSIONS
These results represent a preliminary step in the develop-
ent of a clinical prediction rule for the use of stabilization

xercises. We were able to identify several variables that
ppear to be important in determining which patients are likely
r unlikely to benefit from a stabilization treatment approach.
rom the history and patient self-report, the variables of age,
ear of physical activity, pain intensity, and frequency of pre-
ious episodes had some relation to treatment outcome. From
he physical examination, the key variables appear to be SLR
otion, lumbar mobility testing, aberrant motions during lum-

ar ROM, and the prone instability test. From these variables,
e developed preliminary multivariate prediction rules. The re-

ults of this study need to be replicated in a separate sample for
onfirmation and ultimately examined in a randomized controlled

g Failure With Stabilization Treatment

ecificity Positive LR Negative LR

(.04–.38) 1.1 (.92–1.3) .20 (.02–2.0)
(.62–.96) 6.3 (1.7–23.2) .18 (.08–.38)
(.80–1.0) 18.8* (10.9–32.3) .43* (.29–.65)
(.80–1.0) 6.0* (2.9–12.4) .84* (.70–1.1)

ased on the negative LR value is the presence of at least 2 positive
ility, FABQ physical activity subscale �8).
error.
rom 72% to 97% when 3 or more variables are present. trial before they can be recommended for widespread use.

APPENDIX 1: OPERATIONAL DEFINITIONS FOR PHYSICAL MEASURES

Physical Measures Procedure

ange of motion
Flexion ROM32 The patient stands and the inclinometer is held at T12-L1. The patient is asked to reach

down as far as possible toward the toes while keeping the knees straight.
Extension ROM32 The patient stands and the inclinometer is held at T12-L1. The patient is asked to arch

backward as far as possible.
Right and left side-bending

ROM32
The patient stands with the inclinometer aligned vertically in line with the spinous

processes of T9 and T12. The patient is asked to lean over to 1 side as far as
dictin

Sp

.13

.87
1.0
1.0

ule b
ps reaching down the side of the thigh.
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Physical Measures Procedure

Right and left SLR ROM32 The patient is supine. The inclinometer is positioned on the tibial crest just below the
tibial tubercle. The leg is raised passively by the examiner, whose other hand
maintains the knee in extension. The leg is raised slowly to the maximum tolerated
straight leg raise (not the onset of pain).

uscle performance tests
Side support test44 The patient is side lying with legs extended and the top foot in front of the lower foot.

While resting on the lower elbow for support, the patient lifts the hips off the table
with only the elbow and feet remaining in contact with the table. The patient is
instructed to hold this position as long as possible. The test is done for both sides,
and the performance time is recorded in seconds.

Extensor endurance test44 The patient is asked to lie prone while holding the sternum off the floor for as long as
possible. A small pillow is placed under the lower abdomen to decrease the lumbar
lordosis. The patient also needs to maintain maximum flexion of cervical spine and
pelvic stabilization through gluteal contraction. The patient is asked to hold this
position as long as possible not to exceed 5 minutes. The performance time is
recorded in seconds.

Active sit-up test32 The patient is supine and is asked to flex the knees to 90° and place the soles of the
feet flat on the surface. The examiner holds both feet down with 1 hand. The patient
is instructed to reach up with the fingertips of both hands to touch (not hold) both
knees and hold the position for 5 seconds. If the patient cannot maintain this position
for 5 seconds, the test is positive.

Active bilateral SLR test32 The patient is supine and is asked to lift both legs together 6 inches (15.24 cm) off the
examining surface and hold that position for 5 seconds. Both heels and calves should
be cleared from the examining surface. If the patient cannot maintain this position for
5 seconds, the test is positive.

pecial tests
Posterior shear test7 The patient is standing with arms across the lower abdomen. The examiner stands at 1 side

of the patient and places 1 arm around the patient’s abdomen, over the patient’s crossed
hands. The heel of the opposite hand is placed on the patient’s pelvis for stabilization.
The examiner produces a posterior force through the patient’s abdomen and an anteriorly
directed stabilizing force with the opposite hand. The test is repeated at all lumbar levels.
A positive test is determined by the provocation of symptoms.

Prone instability test43 The patient lies prone with the body on the examining table and legs over the edge and feet
resting on the floor. While the patient rests in this position, the examiner applies posterior
to anterior pressure to the lumbar spine. Any provocation of pain is reported. Then the
patient lifts the legs off the floor (the patient may hold table to maintain position) and
posterior compression is applied again to the lumbar spine. If pain is present in the
resting position but subsides in the second position, the test is positive.

Lumbar segmental testing for
mobility37

The patient is prone. The L1 spinous process is contacted with the examiner’s thenar
eminence, and an anteriorly directed force is applied. The procedure is repeated at
each lumbar level. Mobility is judged as hypermobile or not hypermobile.
1

1

1

1

1

1

1
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