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Background. Current treatments for low back pain have small effects. A research
priority is to identify patient characteristics associated with larger effects for specific
interventions.

Objective. The aim of this study was to identify simple clinical characteristics of
patients with chronic low back pain who would benefit more from either motor
control exercises or graded activity.

Design. This study was a secondary analysis of the results of a randomized con-
trolled trial.

Methods. One hundred seventy-two patients with chronic low back pain were
enrolled in the trial, which was conducted in Australian physical therapy clinics. The
treatment consisted of 12 initial exercise sessions over an 8-week period and booster
sessions at 4 and 10 months following randomization. The putative effect modifiers
(psychosocial features, physical activity level, walking tolerance, and self-reported
signs of clinical instability) were measured at baseline. Measures of pain and function
(both measured on a 0–10 scale) were taken at baseline and at 2, 6, and 12 months
by a blinded assessor.

Results. Self-reported clinical instability was a statistically significant and clinically
important modifier of treatment response for 12-month function (interaction: 2.72;
95% confidence interval�1.39 to 4.06). Participants with high scores on the clinical
instability questionnaire (�9) did 0.76 points better with motor control exercises,
whereas those who had low scores (�9) did 1.93 points better with graded activity.
Most other effect modifiers investigated did not appear to be useful in identifying
preferential response to exercise type.

Limitations. The psychometric properties of the instability questionnaire have
not been fully tested.

Conclusions. A simple 15-item questionnaire of features considered indicative of
clinical instability can identify patients who respond best to either motor control
exercises or graded activity.
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Randomized controlled trials and
systematic reviews evaluating
the effectiveness of interven-

tions for patients with chronic, non-
specific low back pain (LBP) typi-
cally demonstrate small treatment
effects.1,2 It has been proposed that
it may be possible to identify patients
who are more likely to respond to a
specific treatment (compared with
no treatment or an alternative treat-
ment) and for whom treatment
effects are larger.3,4 Investigating
subgroups of patients with LBP with
specific characteristics who respond
best to different treatments has been
identified as the number one
research priority in this field.5,6

Exercise therapy is endorsed in
guidelines7 and systematic reviews2

as an effective treatment for chronic
LBP. However, although more effec-
tive than no intervention, the effect
size of exercise, like other back pain
treatments, is small. A meta-
regression study8 investigated vari-
ous aspects of exercise programs

and identified that individually
designed programs that included
stretching or strengthening and that
included supervision had larger
treatment effects. To illustrate this
result, the effect of exercise esti-
mated from all 43 trials in the review
was 3.4 (95% confidence interval
[95% CI]�2, 4.7) points reduction
in pain, measured on a 0–100 pain
scale.8 However, the authors esti-
mated that the effect would rise to
18.1 points (95% CI�11.1, 25.0)
for programs including the most
effective intervention characteris-
tics. Although it is plausible that
identification of characteristics of
the patients who respond best to dif-
ferent types of exercise may further
enhance the treatment effects, this
possibility is yet to be investigated.

Motor control exercises (sometimes
called lumbar stabilization exercises)
and graded activity using the princi-
ples of cognitive-behavioral therapy
are 2 popular forms of exercise ther-
apy for people with chronic LBP,

with evidence of effectiveness from
randomized controlled trials9,10 and
systematic reviews.11,12 Motor con-
trol exercises use a motor learning
approach to optimize control of the
spine and pelvis via rehabilitation of
posture, movement, and the coordi-
nation of muscles involved in the
control and movement of the
spine.13 Therefore, this treatment is
expected to work best in people
who have impaired control and coor-
dination of the spinal muscles,
which have been proposed to
include both reduced and excessive
spinal stability.14,15 Graded activity
uses a cognitive-behavioral approach
to increase activity tolerance by
addressing pain-related fear, kinesio-
phobia, and unhelpful beliefs and
behaviors concerning back pain
while correcting physical impair-
ments such as impaired endurance,
muscle strength, and balance.10 The-
oretically, this treatment should
work best in patients who are phys-
ically deconditioned and have
unhelpful beliefs about their back
pain. Given that both exercise inter-
ventions are based on specific ratio-
nales, plausible treatment effect
modifiers related to characteristics of
the patient can be explored. If char-
acteristics of patients who respond
best to one of these exercise inter-
ventions compared with the other
can be identified, patient outcomes
could be improved.

The aim of this study was to identify
simple clinical characteristics of
patients who would benefit more
from motor control exercises com-
pared with graded activity, or vice
versa, by evaluating potential treat-
ment effect modifiers, identified a
priori based on each treatment ratio-
nale. Guidelines16,17 on evaluation of
treatment effect modification and
clinical prediction rules were fol-
lowed to ensure high methodologi-
cal quality.

The Bottom Line

What do we already know about this topic?

Motor control exercise and graded activity are two forms of exercise
intervention for chronic low back pain. Both interventions are known to
be effective; however, clinicians lack a method to help choose one option
over the other for specific patients.

What new information does this study offer?

The results of this study demonstrated that a simple 15-item questionnaire
on clinical instability can help identify patients with chronic low back
pain who respond best to either motor control or graded activity exer-
cises. Replication in future studies is required.

If you’re a patient, what might these findings mean
for you?

A simple questionnaire may help clinicians choose the best type of
exercise for individual patients with low back pain, which might help
patients achieve better outcomes.
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Method
Design Overview
The data for this study were drawn
from a randomized clinical trial18

comparing motor control exercises
to graded activity for patients with
chronic, nonspecific LBP. The trial
was conducted in Sydney and Bris-
bane physical therapy clinics, with
participants enrolled in the trial
during the period October 2007
to November 2009. The trial, includ-
ing effect modification analyses,
was prospectively registered
(ACTRN12607000432415) and the
trial protocol published.19 All
patients signed an informed consent
form prior to their inclusion in the
study.

Setting and Participants
Patients with LBP of greater than 3
months’ duration were invited to
participate if they met the following
criteria: chronic, nonspecific LBP
(�3 months’ duration) with or with-
out leg pain; currently seeking care
for LBP; between 18 and 80 years of
age; English speaker; suitable for
active exercises (as assessed with the
Physical Activity Readiness Ques-
tionnaire from the American College
of Sports Medicine guidelines)20;
expected to reside in the Sydney or
Brisbane region for the study dura-
tion; and had a score of moderate or
greater on question 7 (How much
bodily pain have you had during the
past week?) or 8 (During the past
week, how much did pain interfere
with your normal work, including
both work outside the home and
housework?”) of the 36-Item Short-
Form Health Survey (SF-36).

Exclusion criteria were: known or
suspected serious pathology, nerve
root compromise (at least 2 signs of
the same spinal nerve: sensation loss,
reduced or absent reflexes or myoto-
mal weakness), pregnancy, previous
spinal surgery or scheduled for sur-
gery during the trial; and contraindi-
cation to exercise program.

Randomization and
Interventions
The randomization sequence with a
1:1 allocation ratio was computer-
generated by an investigator not
involved in recruitment or treatment
allocation. Allocation codes were
concealed in sequentially numbered,
sealed, opaque envelopes by the
same investigator who created the
randomization sequence. The pri-
mary goal of the motor control exer-
cise program was to enable the
patient to regain control and coordi-
nation of the spine and pelvis using
principles of motor learning.21 The
intervention was based on assess-
ment of the individual participant’s
trunk coordination (including con-
sideration of muscle activation, pos-
ture, and movement) and treatment
goals (set collaboratively with the
therapist). The first stage of the inter-
vention included the implementa-
tion of a protocol designed to
improve the activation of muscles
identified to have poor control, such
as the transversus abdominis, multi-
fidus, and pelvic-floor muscles,22 and
reduce the activity of any muscles
identified to be overactive, such as
the obliquus externus abdominis
muscle. The second stage included
the progression of the exercises
toward more functional activities
using static and then dynamic
tasks.23

The primary goal of the graded activ-
ity program was to increase activity
tolerance by performing individual-
ized and submaximal exercises. The
program was based on the activities
that each participant identified as
problematic. The activities in the
program were progressed in a time-
contingent manner (rather than a pain-
contingent manner) from the baseline-
assessed ability to a target goal set
jointly by participant and therapist.
Participants received daily quotas
and were instructed to perform the
agreed-upon amount. Cognitive-
behavioral principles were used to

address negative behaviors and pain-
related anxiety. Both programs are
comprehensively described in the
original publication, including a table
delineating specific characteristics of
each intervention.18

Baseline Predictors of Response
Baseline characteristics of each trial
participant were collected by a
researcher who was blinded to the
participant’s treatment allocation.
Seven baseline characteristics that
would plausibly predict preferential
response to graded activity com-
pared with motor control exercises
were selected a priori and are pre-
sented in Table 1. The predicted
direction of effect also was defined
for each predictor.17

The 7 putative predictors were mea-
sures of walking tolerance, habitual
physical activity, self-reported signs
of clinical instability (Appendix),
self-efficacy, coping strategies, fear
and anxiety of pain, and psychoso-
cial risk factors. We chose measures
to evaluate the constructs based on
ease of clinical application and ready
availability. The predictors were pre-
specified in a published trial proto-
col19; however, some changes to
the protocol were required. We
replaced the Three-Minute Step Test
with the Shuttle Walk Test based on
feasibility testing prior to starting the
trial. The laboratory measures of
trunk proprioception, trunk stiff-
ness, trunk muscle response, and
deep muscle control were not
included in this analysis, as these
complex neurophysiological mea-
sures cannot be performed in a typ-
ical clinic and, therefore, did not
align with the aim of this study to
identify simple clinical characteris-
tics of patients who would benefit
more from motor control exercises
or graded activity. The complex neu-
rophysiological measures were only
collected in a subset of patients
(n�76) and will be used in a further
study investigating mechanisms. The
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instruments used in the current
study, and their interpretation, are
summarized in Table 1.

Our hypothesis was that graded
activity would be superior to motor
control exercises in participants
with low walking tolerance, low
habitual physical activity, low self-
reported clinical instability, low self-
efficacy, low coping, high fear and
anxiety, and high psychosocial risk
and that motor control exercises
would be superior to graded activity

in participants with high self-
reported instability.

Outcome Measures and
Follow-up
Measurements of pain and function
were taken at baseline and at 2, 6, and
12 months by a blinded assessor. Pain
was measured as the average pain over
the previous week using a 0–10 scale
(low scores indicate less pain), and
function was measured using the
0–10 Patient-Specific Functional Scale
(PSFS) (high scores indicate greater

function).21 We chose the PSFS
because it is more responsive than
other measures such as the Roland-
Morris Disability Questionnaire.21

Data Analysis
We prespecified a threshold of 2 units
(�1.0 standard deviation) for a clini-
cally important interaction effect for
both outcomes.19 The sample size of
172 participants was calculated a pri-
ori to detect an interaction effect size
of 1.0 standard deviation and a treat-
ment main effect of 0.5 standard devi-

Table 1.
Description of Candidate Baseline Predictorsa

Construct Measure Description Scale Range
Interpretation and
Hypothesized Effect

Median
Split for
Analysis

Walking
tolerance28

SWT The SWT is a paced walking
tolerance test

Tested for reliability,29,30

validity,29,30 and
responsiveness31

Meters walked High scores indicate greater walking
tolerance

Graded activity superior to motor
control exercises in participants
with low walking tolerance

�420

Habitual
physical
activity32

IPAQ The IPAQ is a self-report
measure of habitual
physical activity

Tested for validity and
reliability32

Metabolic equivalent minutes
of activity per week

High scores indicate greater
habitual physical activity

Graded activity superior to motor
control exercises in participants
with low habitual physical activity

�1,413

Clinical
instability33

LSIQ The LSIQ is a 15-item self-
report measure of
features considered by an
expert panel to be
associated with clinical
instability

Has not yet been formally
tested

0–15 High scores indicate greater self-
reported clinical instability

Graded activity superior to motor
control exercises in participants
with low clinical instability

�9

Self-efficacy34 PSEQ The PSEQ is a 10-item scale
to measure confidence to
complete a task despite
pain

Tested for validity35,36

0–100 High scores indicate greater self-
efficacy

Graded activity superior to motor
control exercises in participants
with low self-efficacy

�41

Coping
strategies37

CSQ The CSQ is a 6-item
measure of coping in
patients with chronic pain

Tested for validity38,39

0–36 High scores indicate greater coping
Graded activity superior to motor

control exercises in participants
with low coping

�11

Fear and anxiety
of pain40

PASS-20 The PASS-20 is a 20-item
scale to measure fear and
anxiety regarding pain

Tested for validity40

0–100 High scores indicate greater pain-
related anxiety

Graded activity superior to motor
control in participants with high
fear or anxiety

�43

Psychosocial risk
factors41

Örebro Low Back
Pain Screening
Questionnaire

The Örebro questionnaire is
a 24-item scale to
measure psychosocial risk
factors for poor outcomes

Tested for reliability42 and
validity43,44

11–192 High scores indicate greater
psychosocial risk

Graded activity superior to motor
control exercises in participants
with high psychosocial risk

�103

a SWT�Shuttle Walk Test, IPAQ�International Physical Activity Questionnaire, LSIQ�Lumbar Spine Instability Questionnaire, PSEQ�Pain Self-Efficacy
Questionnaire, CSQ�Coping Strategies Questionnaire, PASS-20�Pain Anxiety Symptom Scale (short form).
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ation, with an alpha level of .05 and
power of 0.80 and allowing for 10%
loss to follow-up and 10% treatment
nonadherence.19 An intention-to-treat
method was used in all statistical
analyses.

We investigated baseline patient
characteristics associated with a

greater effect of graded activity ver-
sus motor control exercises for the
primary trial outcomes of pain and
function at 2 and 12 months (ie, sep-
arate models for each of these 2
follow-ups). We did not analyze
response to treatment at the 6-month
follow-up in order to decrease the
number of models and, therefore,

the chance of type I error. Outcomes
at 2 and 12 months represent short-
term and long-term follow-ups. We
began by investigating individual fac-
tors, but we also investigated combi-
nations of factors. Treatment effect
modification was evaluated using a
group � predictor interaction term.17

The models were built using the linear

355 patients
referred to the study

79 declined to
participate
104 ineligible

Randomization
n=172

Graded activity=86
(Sydney=65, Brisbane=21)

All received allocated intervention

Care providers (n=8)
Number of patients treated by each

provider
(median=3.5, IQR=5.5)

Allocation

Care
Providers

Treatment
Adherence

2-mo 
Follow-up

6-mo 
Follow-up

12-mo
Follow-up

Analyses

Motor control exercises=86
(Sydney=68, Brisbane=18)

All received allocated intervention

Care providers (n=10)
Number of patients treated by each

provider
(median=9, IQR=5.5)

Analyzed
n=86

Analyzed
n=86

Mean=11.1 (SD=4.0) of planned 14
sessions attended

Mean=11.1 (SD=4.0) of planned 14
sessions attended

82 (95.3%) followed up at 2 mo

Lost to follow-up (n=4; 2 withdrew from
study, 2 unknown reason)

76 (88.4%) followed up at 2 mo

Lost to follow-up (n=10; 6 withdrew from
study, 3 lack of time, 1 unknown)

81 (94%) followed up at 6 mo

Lost to follow-up (n=5; 2 withdrew from
study, 2 lack of time, 1 unknown)

74 (86.0%) followed up at 6 mo

Lost to follow-up (n=12; 7 withdrew from
study, 3 uncontactable, 2 lack of time)

80 (93.0%) followed up at 12 mo

Lost to follow-up (n=6; 2 withdrew from
study, 1 lack of time, 3 unknown)

75 (87.2%) followed up at 12 mo

Lost to follow-up (n=11; 7 withdrew from
study, 4 uncontactable)

Figure 1.
Study flow diagram. IQR�interquartile range.
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regression model commands within
IBM SPSS Statistics version 21 (IBM
Corp, Armonk, New York).

Univariate testing. As the goal
was to identify clinical subgroups
that could be simply identified, we
dichotomized the predictors using a
median split and then built separate
models to predict pain and function
outcomes at 2 months and 12
months for the 7 predictors. The
models included terms for patient
group, predictor, group � predictor
interaction, and baseline score for
the dependent variable. Predictors
that provided a P value �.20 for the
group � predictor term proceeded
to the multivariate testing. A median
split was used to dichotomize the
predictors. We did not perform anal-
yses to choose an “optimal” cutoff

point, as this approach is strongly
advised against.22

Multivariate modeling. As we
also were interested in building a
clinical prediction rule, we
attempted to build a multivariate
model. We used a backward selec-
tion procedure to build the models.
We entered all predictors from the
univariate models with a P value
�.20 into the first multivariate
model and in subsequent models
removed one predictor at a time
starting with the predictor with the
highest P value until only predictors
with a P value �.05 remained.

Role of the Funding Source
The trial received funding from Aus-
tralia’s National Health and Medical
Research Council.

Results
Participant flow through the study is
shown in Figure 1, and the baseline
characteristics of the participants are
shown in Table 2.

Univariate Testing
The results of the univariate testing are
shown in Table 3. The Lumbar Spine
Instability Questionnaire (LSIQ), Cop-
ing Strategies Questionnaire, Pain Anx-
iety Symptom Scale, and Örebro Low
Back Pain Screening Questionnaire
were found to be statistically signifi-
cant (P�.05) treatment effect modifi-
ers for function at 12 months but not
at 2 months. For example, the effect of
graded activity versus motor control
exercises was greater in participants
with low instability (based on LSIQ
scores); the mean point estimate for
the interaction was 2.72 (95%
CI�1.39, 4.06) units on the 0–10
function scale. The other 3 significant
interaction effects favored graded
activity over motor control exercises
in participants with low coping (based
on Coping Strategies Questionnaire
scores), low fear (based on Pain Anx-
iety Symptom Scale scores), and low
psychosocial risk (based on Örebro
questionnaire scores) but did not
reach our prespecified threshold for
an interaction of 2 units. Additionally,
2 predictors (fear and psychosocial
risk) did not influence outcomes in the
hypothesized direction. The adjusted
treatment effects in subgroups that
were positive and negative on each
statistically significant treatment effect
modifier are shown in Table 4.

To illustrate the effect of self-
reported signs of instability on treat-
ment effect, Figure 2 shows out-
comes in both treatment groups at
baseline and 2- and 12-month follow-
ups for all participants and in a sep-
arate panel with the groups stratified
using the median LSIQ score of 9.
Participants with an LSIQ score of 9
or greater (ie, high instability) are
described as “positive” and those
with an LSIQ score of less than 9 are

Table 2.
Baseline Characteristics of Participantsa

Characteristic
Graded Activity

(n�86)
Motor Control Exercises

(n�86)

Age (y) 49.6 (16.3) 48.7 (13.7)

Sex, female, n (%) 45 (52.3) 57 (66.3)

Low back pain duration (mo) 100.7 (109.2) 74.0 (94.8)

Smoker, n (%) 14 (16.3) 16 (18.6)

Taking analgesics, n (%) 57 (66.3) 52 (60.5)

Previous episode of low back pain, n (%) 57 (66.3) 54 (62.8)

Coping strategy (CSQ) 10.8 (7.6) 12.4 (7.5)

Psychosocial risk factors (Örebro questionnaire) 103.4 (26.9) 102.8 (20.4)

Fear and anxiety of pain (PASS-20 total score) 40.1 (21.8) 44.8 (21.0)

Self-efficacy (PSEQ) 40.9 (13.5) 38.7 (12.3)

Habitual physical activity (IPAQ) 3,196 (6,634.9) 4,603.7 (8,012.4)

Clinical instability (LSIQ) 9.0 (3.1) 9.0 (2.7)

Pain intensity (NRS) 6.1 (2.1) 6.1 (1.9)

Function (PSFS) 3.6 (1.6) 3.7 (1.6)

Disability (RMDQ-24) 11.2 (5.3) 11.4 (4.8)

a Continuous data are mean (SD); categorical data are n (%). CSQ�Coping Strategies Questionnaire (0
[“good coping strategy”]�36 [“worst coping strategy”]), Örebro questionnaire�Örebro Low Back Pain
Screening Questionnaire (11 [“low risk of pain becoming persistent”]�192 [“high risk of pain
becoming persistent”]), PASS-20 total score�Pain Anxiety Symptom Scale total score (0 [“low
anxiety”]�100 [“high anxiety”]), PSEQ�Pain Self-Efficacy Questionnaire (0 [“high fear
avoidance”]�100 [“no fear avoidance”]), IPAQ�International Physical Activity Questionnaire
(metabolic equivalent minutes per week), LSIQ�Lumbar Spine Instability Questionnaire (0 [“no
instability”]�15 [“high instability”]), NRS�pain numeric rating scale (0 [“no pain”]�10 [“worst pain
imaginable”]), PSFS�Patient-Specific Functional Scale (0 [“unable to perform activity”]�10 [“able to
perform activity at preinjury level”]), RMDQ-24�24-item Roland-Morris Disability Questionnaire (0
[“no disability”]�24 [“high disability”]).

Response to Motor Control Exercises and Graded Activity for Patients With Low Back Pain

1548 f Physical Therapy Volume 94 Number 11 November 2014



Table 3.
Results of Univariate Testing of the Dichotomized Predictor Variables on Function Scoresa

Measure Predictor Group Predictor � Group Term

Pain at 2 mo

LSIQ 1.12 (0.01, 2.23), P�.048 0.15 (�1.04, 1.33), P�.804 �0.18 (�1.72, 1.36), P�.816

CSQ 0.99 (�0.11, 2.08), P�.076 �0.14 (�1.22, 0.95), P�.806 0.08 (�1.44, 1.60), P�.919

PASS-20 1.22 (0.16, 2.28), P�.024 0.14 (�0.99, 1.26), P�.810 �0.58 (�2.11, 0.95), P�.457

Örebro questionnaire 1.57 (0.50, 2.64), P�.004 0.31 (�0.79, 1.41), P�.579 �0.72 (�2.22, 0.77), P�.341

IPAQ �0.86 (�2.06, 0.36), P�.165 �0.61 (�1.78, 0.55), P�.300 1.05 (�0.64, 2.74), P�.222

PSEQ -1.60 (�2.63, �0.56), P�.003 �0.38 (�1.42, 0.67), P�.477 0.36 (�1.12, 1.85), P�.629

SWT �1.12 (�2.31, 0.06), P�.063 �0.40 (�1.61, 0.81), P�.511 0.62 (�1.05, 2.29), P�.466

PSFS at 2 mo

LSIQ �1.10 (�2.07, �0.13), P�.027 �0.20 (�1.26, 0.85), P�.702 0.82 (�0.55, 2.19), P�.241

CSQ �0.68 (�1.62, 0.26), P�.156 0.23 (�0.75, 1.21), P�.647 0.25 (�1.10, 1.61), P�.712

PASS-20 �0.93 (�1.87, 0.01), P�.051 0.26 (�0.74, 1.27), P�.606 0.34 (�1.03, 1.70), P�.629

Örebro questionnaire �1.04 (�1.97, �0.11), P�.029 0.35 (�0.63, 1.33), P�.485 0.05 (�1.29, 1.39), P�.941

IPAQ 0.59 (�0.46, 1.65), P�.269 0.31 (�0.71, 1.33), P�.551 �0.24 (�1.70, 1.22), P�.744

PSEQ 0.89 (�0.06, 1.84), P�.066 0.42 (�0.54, 1.38), P�.386 0.03 (�1.38, 1.38), P�.969

SWT 1.38 (0.36, 2.41), P�.009 0.65 (�0.40, 1.70), P�.222 �0.64 (�2.09, 0.81), P�.385

Pain at 12 mo

LSIQ 1.52 (0.34, 2.70), P�.012 0.64 (�0.61, 1.89), P�.315 �0.96 (�2.59, 0.67), P�.247

CSQ 1.58 (0.41, 2.75), P�.009 0.57 (�0.57, 1.72), P�.323 �1.31 (�2.92, 0.31), P�.113

PASS-20 1.37 (0.23, 2.51), P�.018 0.67 (�0.49, 1.84), P�.254 �1.48 (�3.10, 0.14), P�.074

Örebro questionnaire 2.42 (1.31, 3.54), P�.001 0.68 (�0.43, 1.78), P�.230 �1.44 (�2.98, 0.11), P�.068

IPAQ �0.71 (�2.00, 0.58), P�.279 �0.15 (�1.39, 1.10), P�.815 0.89 (�0.91, 2.68), P�.331

PSEQ �0.92 (�2.06, 0.23), P�.117 �0.44 (�1.59, 0.71), P�.449 0.73 (�0.92, 2.37), P�.385

SWT �0.84 (�2.15, 0.47), P�.206 �0.09 (�1.43, 1.26), P�.889 �0.24 (�2.07, 1.59), P�.799

PSFS at 12 mo

LSIQ �2.39 (�3.35, �1.43), P�.001 �1.93 (�2.97, �0.90), P�.000 2.72 (1.39, 4.06), P<.001

CSQ �1.88 (�2.82, �0.94), P�.001 �1.06 (�2.01, �0.10), P�.030 1.81 (0.47, 3.16), P�.008

PASS-20 �1.72 (�2.66, �0.77), P�.001 �0.87 (�1.84, 0.10), P�.079 1.49 (0.13, 2.85), P�.032

Örebro questionnaire �2.10 (�3.03, �1.18), P�.001 �0.87 (�1.82, 0.08), P�.071 1.37 (0.05, 2.69), P�.041

IPAQ 0.44 (�0.71, 1.59), P�.449 �0.50 (�1.61, 0.61), P�.377 0.22 (�1.36, 1.80), P�.783

PSEQ 1.11 (0.13, 2.10), P�.027 0.10 (�0.88, 1.08), P�.843 �0.38 (�1.78, 1.02), P�.590

SWT 0.94 (�0.18, 2.06), P�.098 0.48 (�0.67, 1.63), P�.413 �0.72 (�2.2, 0.85), P�.367

a Values are nonstandardized point estimates (95% confidence interval) and associated P value for the effect of the predictor, the main effect of treatment
group, and the interaction between predictor and treatment group on function scores. The reference category for the predictor term is a score greater than
or equal to the median and for group term is the motor control group. Positive interaction terms for PSFS (function) outcomes and negative interaction
terms for pain outcomes indicate a better response to graded activity exercises in participants with lower scores on the predictor variable. LSIQ�Lumbar
Spine Instability Questionnaire, CSQ�Coping Strategies Questionnaire, PASS-20�Pain Anxiety Symptom Scale, Örebro questionnaire�Örebro Low Back Pain
Screening Questionnaire, IPAQ�International Physical Activity Questionnaire, PSEQ�Pain Self-Efficacy Questionnaire, PSFS�Patient-Specific Functional Scale.
Highlighted cells are statistically significant interactions (P�.05).
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described as “negative” on the ques-
tionnaire. At 12 months, participants
who were positive on the LSIQ did
0.76 points better with motor con-
trol exercises than with graded activ-

ity, whereas those who were nega-
tive on the LSIQ did 1.93 points
better with graded activity than with
motor control exercises. These find-
ings mean that on a scale from 0 to

10, where 0 is low function and 10 is
high function, an individual who did
not have instability and received
graded activity was about 2 points
more functional a year after inclu-
sion in the study than those who did
not have instability and received
motor control exercises. This is a
large difference that has been
reported to be clinically significant.23

Multivariate Modeling
The LSIQ, Coping Strategies Ques-
tionnaire, Pain Anxiety Symptom
Scale, and Örebro questionnaire
yielded P values �.20 for predicting
function at 12 months, and the Cop-
ing Strategies Questionnaire, Pain
Anxiety Symptom Scale, and Örebro
questionnaire yielded P values �.20
for predicting pain at 12 months.
These became candidate variables
for the multivariate analysis. None of
the predictors achieved P values
�.20 for short-term outcomes.

Table 4.
Adjusted Function (Patient-Specific Functional Scale) Treatment Effects (95%
Confidence Interval) in Subgroup Positive and Subgroup Negative Participants for
the Statistically Significant Predictors Onlya

Measure 12-mo Follow-up

LSIQ negative (�9) �1.93 (�3.00, �0.85)

LSIQ positive (�9) 0.76 (�0.07, 1.58)

CSQ negative (�11) �1.02 (�2.01, �0.03)

CSQ positive (�11) 0.74 (�0.19, 1.68)

PASS-20 total negative (�43) �0.87 (�1.89, 1.45)

PASS-20 total positive (�43) 0.62 (�0.31, 1.56)

Örebro questionnaire negative (�103) 0.87 (�1.86, 0.57)

Örebro questionnaire positive (�103) 0.49 (�0.41, 1.36)

a LSIQ�Lumbar Spine Instability Questionnaire (0 [“no instability”]�15 [“high instability”]),
CSQ�Coping Strategies Questionnaire (0 [“good coping strategy”]�36 [“worst coping strategy”]),
PASS-20 total score�Pain Anxiety Symptom Scale total score (0 [“low anxiety”]�100 [“high anxiety”]),
Örebro questionnaire�Örebro Low Back Pain Screening Questionnaire (11 [“low risk of pain becoming
persistent”]�192 [“high risk of pain becoming persistent”]). Highlighted values are statistically
significant (P�.05).

Figure 2.
Function outcomes at baseline and 12-month follow-up to illustrate the main effect of treatment and treatment effect modification.
Values represent unadjusted means and 95% confidence intervals. Graph A shows data for all participants. Graph B shows the
outcome when the groups were stratified by median score on the Lumbar Spine Instability Questionnaire (LSIQ). Participants with
an LSIQ score of 9 or greater (ie, high instability) are described as “positive” (�ve), and those with an LSIQ score of less than 9 are
described as “negative” (�ve) on the questionnaire.
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We were unable to build a multivar-
iate model for pain or function out-
comes at 12 months. The final pain
model included the Örebro question-
naire, which did not achieve a P
value �.05. The final function model
included the LSIQ, which did
achieve a P value �.05.

Discussion
Statement of Principal Findings
We found that motor control exer-
cises provided better function out-
comes at 12 months than graded
activity in patients with self-reported
signs of clinical instability (LSIQ
score �9), but in those who scored
low on the questionnaire of clinical
instability (LSIQ score �9), the situ-
ation was reversed and graded activ-
ity provided better function out-
comes. This finding is consistent
with the theoretical rationale for
motor control training. The treat-
ment effect modification was statisti-
cally significant and larger than the
threshold of 2 units for a clinically
important interaction effect we pre-
specified in the published trial pro-
tocol.19 Measures of coping, fear and
anxiety, and psychosocial risk also
moderated the effect of treatment on
function at 12 months but did not
reach our prespecified threshold.
There were no statistically signifi-
cant interactions for pain at 2 and 12
months or for function at 2 months.

Strengths and Weaknesses of the
Study
The strengths of the study are that
we tested effect modification in a
high-quality trial, and we followed a
prespecified protocol. We investi-
gated a limited number of prespeci-
fied predictors underpinned by the-
ory. The analysis used appropriately
constructed interaction terms, and
we blinded assessors of outcome to
predictors and group allocation. One
of the potential problems with eval-
uating treatment effect modification
is a high type I error rate associated
with repeated testing. To minimize

this effect, we undertook a stepped
approach. Nevertheless, we
acknowledge that we have taken a
fairly exploratory approach and that
any positive results will need repli-
cation in an independent data set.
Our view is that the results of this
study should be viewed cautiously,
and it would be premature to advo-
cate clinical application at this stage.
We also would caution that the LSIQ
was developed from the results of a
Delphi study of experienced clini-
cians aiming to identify features asso-
ciated with instability.

Self-administration of the LSIQ
required adjustment of some fea-
tures. For instance, the consensus
feature “Reports feelings of giving
way or back giving out” became item
1: “I feel like my back is going to give
way or give out on me.” We per-
formed post hoc evaluation of the
internal consistency and the influ-
ence of floor and ceiling effects for
the LSIQ in our sample. Cronbach’s
alpha was calculated as a measure of
internal consistency and interpreted
according to the threshold provided
by de Vet et al,24 and the threshold
proposed by McHorney and Tarlov25

was used to determine the presence
of floor or ceiling effects. Cronbach’s
alpha for the LSIQ was .69 (95%
CI�.62, .76), which falls marginally
below the lower bound of the
acceptable range of .7 to .9 proposed
by de Vet et al.24 The distribution of
scores on the scale showed that nei-
ther floor nor ceiling effects are of
concern. As only 1 participant (0.6%)
reported the maximum score on the
scale and no participants reported
the minimum score, these findings
fall well below the threshold of 15%
of the sample at each end-point.25

Future comprehensive evaluation of
the psychometric properties and
interpretation of the questionnaire
are needed.

Strengths and Weaknesses in
Relation to Other Studies
Although numerous studies have
attempted to identify subgroups of
responders to a specific treatment
for LBP, almost all are poorly
designed, and no previous random-
ized trials have investigated sub-
groups of responders to different
exercise approaches.26 Arguably, the
best study investigating a subgroup
of responders to a specific treatment
for LBP is the study of Childs and
colleagues,27 who developed a rule
to identify patients with LBP who
respond best to spinal manipulation
treatment. Although these authors
expressed effect modification in a
slightly different way from that used
in our study, it is possible to obtain
equivalent data from interpolation of
the figures in the article. Treatment
effect modification was approxi-
mately 25 units on the 0–100
Oswestry Low Back Pain Disability
Questionnaire at 1 week, which is
similar in magnitude to the effect we
observed on function.

Meaning of the Study:
Implications for Clinicians and
Policy Makers
Although it is essential to use inter-
action terms to test treatment sub-
groups, the interaction term itself
does not describe the treatment
effect within the group but rather
the difference between the treat-
ment effect in patients meeting the
subgroup criteria and those who do
not. What we can determine is that
people with a score of 9 or greater
on the LSIQ (clinical instability) did
0.76 points (Fig. 1) better with
motor control exercises, whereas
people who had low scores for the
LSIQ (�9) did 1.93 points better
with graded activity. At 12 months,
the treatment effect in the negative
subgroup (�1.93; 95% CI��3.00,
�0.85) was statistically and clinic-
ally significant, implying graded
activity was clearly superior to motor
control exercises in these patients.
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The treatment effect in the positive
subgroup was smaller and not sta-
tistically significant (0.76; 95%
CI��0.07, 1.58). It is essential to
note that this study was comparing 2
effective interventions.11,12,18 There-
fore, an additional benefit of 0.76
points, by selecting motor control
exercises over graded activity in
these patients, is considered clini-
cally important by the authors, espe-
cially considering the interventions
have similar costs and potential
harms. The 95% CI values crossed
zero likely due to lack of power, and
larger trials are needed in the future
to validate the finding that people
who score positively on the LSIQ
have slightly better outcomes with
motor control exercises compared
with graded activity. Using the LSIQ
score to contribute to decision mak-
ing between graded activity and
motor control exercises appears to
have little downside, as both treat-
ments are effective and carry few
risks. However, as is always the case,
it is important to consider other fac-
tors, such as patient preference and
clinician expertise, while making
treatment decisions and not rely
solely on LSIQ score. This appears to
be the case particularly in people
with positive LSIQ scores, where the
benefits of choosing motor control
exercises over graded activity are rel-
atively small.

As the current trial did not have a
no-treatment control group, it is not
possible to determine the effect of
either intervention compared with
no treatment. However, the unad-
justed mean (95% CI) improvement
in function from baseline in people
who received graded activity and
had low scores on the LSIQ was 3.7
(95% CI�2.8, 4.5), whereas the
improvement was less than half this
(1.8; 95% CI�1.1, 2.5) in those who
received graded activity and had
high scores on the LSIQ. In those
patients who received motor control
exercises, the improvement was 2.4

(95% CI�1.7, 3.0) in those who
scored high on the LSIQ and 1.7
(95% CI�0.7, 2.7) in those who
scored low on the LSIQ. If the results
of the current study can be repli-
cated, they are a major breakthrough
and have important implications for
management of chronic LBP. The
results suggest that by targeting the
right patients (those with or without
clinical instability) to these 2 com-
mon exercise approaches, we may
have a simple, relatively cheap
method to increase the effectiveness
of these treatments for patients with
chronic LBP. Implementation of this
approach would be very simple, as
both treatments are already widely
used, and the method to identify sub-
groups of responders to each
approach is very simple.

Unanswered Questions and
Future Research
An interesting finding from our study
is that the interaction effect was not
statistically significant for function at
2 months, although the mean esti-
mate (0.82) suggests that at this early
time point, the scores on the LSIQ
were already associated with
response to exercise type. This find-
ing suggests our study was not pow-
ered to identify these smaller early
effects. Larger trials in the future
should provide adequate power to
assess the importance of the LSIQ
score to early response to graded
exercise or motor control exercises.
However, in patients with chronic
LBP, long-term outcomes are widely
considered most important. We did
not find a statistically significant
interaction effect for the LSIQ on
pain outcomes at 12 months; how-
ever, the estimate of �0.96 (95%
CI��2.59, 0.67) again suggests our
study was not powered to find these
smaller effects. We used a median
split to dichotomize the LSIQ and
suggest the same cutoff point (ie,
�9) be used in future validation stud-
ies; however, exploration of differ-
ent cutoff points also may be valu-

able. The current trial investigated
only people with chronic LBP, and it
is not clear whether the findings
would generalize to those with acute
LBP. It is in people with chronic LBP
that exercise is more widely recom-
mended; however, the findings of
the current study indicate the possi-
bility of better effects of exercise in
patients with acute or subacute LBP
if better matched to the patient’s
presentation. Future research is
needed to investigate this possibility.
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Appendix.
Lumbar Spine Instability Questionnaire

Please identify if the following activities, positions, or descriptions are appropriate in describing your current low
back condition. You may check as many of the indicators that you feel are appropriate.

Please mark “YES” if the following descriptions are appropriate in describing your current condition and “NO” if the
description does not describe your current condition.

YES NO

I feel like my back is going to “give way” or “give out” on me

I feel the need to frequently pop my back to reduce the pain

I have frequent times when my pain occurs throughout the day

I have a past history where my back catches or locks when I twist or bend my spine

I have pain when I sit to stand or stand to sit

I have a lot of pain when I sit up from lying down if I don’t rise up the right way

My pain is sometimes increased with quick, unexpected, or mild movements

I have difficulty sitting without a back support such as a chair and feel better with a supportive backrest

I cannot tolerate prolonged positions when I can’t move

It seems like my condition is getting worse over time

I have had this problem a long time

I sometimes get temporary relief with back brace or corset

I have many occasions when I get muscle spasms

I sometimes am fearful to move because of my pain

I have had a back injury from trauma in the past
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