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Abstract

Purpose Exercise therapy such as motor control training (MCT) has been shown to reduce pain and disability in people
with low back pain (LBP). It is unknown which patients are most likely to benefit. This longitudinal cohort study aimed to:
(1) retrospectively examine records from a large cohort of patients who received MCT treatment, (2) identify potentially
important predictors of response to MCT and (3) test the predictors on an independent (split) sample derived from the original
cohort of patients, using one group to identify the predictors and the other to test them.

Methods The response of 775 patients with LBP to MCT was classified as ‘improved’ or ‘not improved’ based on self-
reported change in pain levels and symptoms. Measures were examined for associations with improvement and entered into
a logistic regression model to classify patients as low, medium or high benefits of improvement with MCT. The model was
tested on an independent sample.

Results A positive response was seen in patients with: no evidence of scoliosis [OR =4.0,95% CI (1.7, 9.6)], LBP without
associated groin pain [OR = 2.2, 95% CI (1.0, 5.0)], LBP which was chronic recurrent in nature [OR = 3.1, 95% CI (1.8,
5.3)] and poor results on muscle testing of the multifidus muscle [OR = 2.0, 95% CI (1.1, 3.7)]. Testing on an independent
sample confirmed that patients could be classified into benefit groups.

Conclusions This study provides a first step towards assisting clinicians to select patients most likely to respond to MCT.
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back pain (LBP) have placed greater emphasis on self-man-
agement and utilization of individually tailored exercise
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programmes targeting improvements in function [1]. One
form of exercise therapy shown to decrease pain and dis-
ability associated with chronic LBP is motor control training
(MCT) [2, 3]. MCT refers to the motor, sensory and central
processes involved in control of posture and movement. The
assumption underlying the MCT concept is that the manner
in which the individual loads the spine by their postures,
movements and muscle activation strategies contributes to
symptom development and persistence. The MCT approach
referred to in this paper initially involves retraining of con-
trol and endurance of key spinal muscles in static then pro-
gressively more functional positions [4, 5].

Due to its diversity in presentations, LBP has been identi-
fied as a condition which may be amenable to subgrouping,
and the ability to classify or subgroup patients with hetero-
geneous disorders such as spinal pain has been highlighted
previously as a research priority [6, 7]. Subgrouping aims
to identify those who may be more or less responsive to
treatment based on classifying certain presenting charac-
teristics [8]. The aims of this study were to: (1) retrospec-
tively examine records from a large cohort of patients who
received MCT treatment, (2) identify potentially important
predictors of response to MCT and (3) test the predictors
on an independent (split) sample derived from the original
cohort of patients, using one group to identify the predictors
and the other to test them [9].

Methods

In this longitudinal cohort study, the medical records of
patients who attended a hospital-based research clinic
between 1998 and 2016 for assessment and management
of LBP were audited. Charts were included if patients were
aged 18 years and above at the time of assessment, reported
a history of LBP and attended an initial assessment and at
least two subsequent treatment sessions. LBP was defined
as pain localized between the T12 vertebral level and the
gluteal fold [10]. In addition, records were also audited for
an independent sample of patients. The Mater Misericordiae
Ltd Human Research Ethics Committee approved the study,
and all patients provided informed consent.

Clinical assessment procedure

Experienced musculoskeletal physiotherapists performed
the standardized assessments and treatments. Patients com-
pleted questionnaires to provide demographic information,
their medical history and the location of their symptoms
on a body chart. Pain intensity was assessed using a visual
analogue scale (VAS) [11]. Patient-reported functional
measures were assessed using the Roland Morris Disability

Questionnaire (RMDQ) [12], which has been used exten-
sively in LBP research and has excellent reliability and good
construct validity [13]. Activity levels were ascertained
using the Habitual Activity Questionnaire (HAQ) [14], a val-
idated tool which addresses domains of occupational physi-
cal activity, sport during leisure time and physical activity
during leisure time excluding sport [15]. Acute LBP was
categorized as LBP lasting less than 4—-6 weeks of duration
[16]. Chronic LBP was categorized as ‘chronic continuous’
(ongoing pain with minimal variation in pain intensity),
‘chronic fluctuating’ (ongoing pain with variation in pain
intensity and without periods of ‘no pain’) or ‘chronic recur-
rent’” LBP (or episodic, with more than one period of pain
over one year separated by periods of ‘no pain’) [17].

The physical examination included a clinical assessment
of posture, active range of spinal motion, neurological con-
duction tests of the lower extremity (if pain was referred
beneath the gluteal fold, to determine whether radiculopathy
was present), manual examination, clinical muscle testing
of trunk muscles [10] and measurement of cross-sectional
area (CSA) of the lumbar multifidus muscle using ultrasound
imaging [18] (Diasonics Synergy, Japan, or LOGIQ e, GE
Healthcare, Wuxi, China). Previous research has established
the validity of this measurement method [19].

Treatment—motor control training approach

All participants received MCT, which included patient
education/advice and provision of a self-managed exercise
programme. The underlying premise of MCT is that input
from the spine and/or related tissues secondary to subopti-
mal loading can contribute to ongoing symptoms. The MCT
programme aimed to identify and modify the suboptimal
features, with a focus on integration of these modifications
into function. Details of the MCT programme have been
previously described [5]. In brief, MCT consists of a staged
programme including: testing and training control of key
trunk muscles; training postures, movement patterns and
body awareness; and functional integration and conditioning.

Chart review process

An independent researcher evaluated all medical records.
Information obtained from the initial assessment included
results of the formal questionnaires (RMDQ, HAQ, VAS)
as well as information derived from the patient interview
and physical examination. For the subsequent treatment
sessions, self-reported level of pain and symptoms were
extracted from the records. To determine outcome, patients
were classified as ‘improved’ or ‘not improved’ based on
their self-reported improvement (or lack of improvement) in
their level of pain or nominated presenting symptoms at the
last treatment session. Patients were asked to report whether
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they were ‘better’, ‘same’ or ‘worse’. Responses recorded
as ‘better’ were categorized as the ‘improved’ group, and
responses recorded as ‘same’ or ‘worse’ were categorized
as the ‘not improved’ group.

Statistical analysis

Data were analysed using SPSS version 22.0 [IBM, USA].
Descriptive statistics for patient demographics and initial
assessment outcome measures are presented for the ‘improved’
and ‘not improved’ groups as numbers and percentages (%) for
categorical variables and means and standard deviations (SD)
for continuous variables. Receiver operating characteristic
(ROC) curves were used to calculate the optimal cut point in
the continuous variables that predicted improvement. Optimal
cut points were then used to convert significant continuous
variables (p < 0.10) to a binary form. Cross-tabulations and
Chi-squared tests were used to assess the relationship between
the significant binary explanatory variables (p < 0.10) and
improvement (yes or no). Variables were then ranked in order
of their clinical significance and then their univariate associa-
tion and were entered into a logistic regression using a forward
sequential method to obtain their independent multivariate
effects. To create a final parsimonious model, variables were
retained in the model if p < 0.10 and the significance level
was set at p < 0.05. To predict treatment success, beta coef-
ficients from the final model were rounded and used to classify
patients as being of high, medium or low levels of benefit of
treatment. Sensitivity and specificity for each level of benefit
were estimated from a 2 X 2 cross-tabulation using the low-
benefit group as the reference category. Positive predictive
value (PPV) was estimated for each level of benefit category
using the row percentages from the cross-tabulation.

Testing the predictors

The predictors were tested on an independent (split) sample
of patients who had completed a VAS rating at their initial
and their last appointment at the clinic and who had received
two or more treatment sessions. The subset sample was ran-
domly selected by the statistician, who was independent of the
research clinic, and the population was split into two groups.
T tests and Chi-squared analysis were used to assess whether
there were significant differences between the independent
sample and the cohort used to develop the rule. Participants
were classified into high, medium or low levels of benefit
for improvement from MCT based on the clinical predictors
identified in the logistic regression model. Using repeated
measures ANOVA, the initial VAS and post-treatment VAS
scores were compared across the different levels of benefit
as a measure of the change in pain from the beginning to end
of treatment. ‘Pain level’ (baseline versus end of treatment)
was included as a within-subject factor, and ‘level of benefit’
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(high, medium and low) was included as a between subjects
factor. Homogeneity of variances assumption was satisfied
(p > 0.05). Significance level was set at p < 0.05.

Results

Patient demographics and initial assessment
findings

Of the 1861 patients who attended the clinic from 26 Febru-
ary 1998 to 15 January 2016, a total of 775 had complete
data for their initial assessment and attended two or more
treatment sessions. A large number of patients were not
included in the study as they attended the clinic for con-
sultation purposes only. Descriptive statistics for patient
demographics and initial assessment outcome measures are
presented for the ‘improved’ and ‘not improved’ groups in
Table 1. Of the initial assessment findings, characteristics
of LBP (chronic continuous and chronic recurrent), loca-
tion of pain in other parts of the body (groin region), prior
treatment (surgery), evidence of scoliosis (including mild)
and the ability to contract the multifidus muscle at L5 were
significantly different between the groups who did and did
not improve with MCT (p < 0.10) (Table 1). Disability
(RMDAQ score), duration of current pain (months) and level
of pain (VAS) were significantly different between groups
(all p < 0.10) (Table 2). All other initial assessment findings
were found to be not significantly different between groups
(all p > 0.10) (see Online Resource 1).

Variables predictive of response to MCT treatment

To identify variables which were predictive of response to
treatment, all continuous variables were dichotomized using
the value that optimized the sensitivity and specificity in pre-
dicting level of improvement with MCT. ROC analyses iden-
tified that factors such as less disability (as indicated by the
RMDAQ), lower levels of pain and shorter duration of LBP
predicted improvement in response to MCT (all p < 0.05)
(see Online Resource 2).

Initial assessment variables that were predictive of a ben-
eficial response to MCT treatment are shown in Table 3.
Results of the logistic regression model indicated that the
benefit variables for improvement with MCT were: ‘negative
for evidence of scoliosis’ (including mild scoliosis), ‘posi-
tive for type of pain’ (chronic recurrent) and “positive for
poor activation of the multifidus muscle at the L5 vertebral
level’ (left and right sides) (all p < 0.05). Although ‘negative
for groin pain’ was not statistically significant at the criti-
cal value, the point estimate and confidence intervals for its
odds ratio provide evidence that it should be included as a
benefit variable.
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Table 1 Initial assessment findings for patients who improved and did not improve with motor control training
Descriptive variables Total number Improvement n (%) No improvement n (%) p value
Total 775 572 (73.8) 203 (26.2)
Sex
Male 388 296 (76.5) 91 (23.5) 0.10
Female 387 276 (71.1) 112 (28.9)
Occupation
Manual 86 61 (70.9) 25(29.1) 0.52
Non-manual 607 450 (74.1) 157 (25.9)
Missing 82
Geographical distribution
Metropolitan within Queensland 689 514 (74.6) 175 (25.4) 0.17
Non-Metropolitan within Queensland 68 44 (64.7) 24 (35.3)
Inter-state 16 13 (81.3) 3(18.8)
Missing 2
LBP characteristics
Chronic continuous 276 186 (67.4) 90 (32.6) 0.004*
Chronic recurrent (episodic) 402 315 (78.4) 87 (21.6) 0.002*
Other pain location (from body chart)
Groin 77 49 (63.6) 28 (36.4) 0.04*
Prior Treatment
Surgery 73 45 (61.6) 28 (38.4) 0.03*
Findings from investigations
Scoliosis including mild 63 33(524) 30 (47.6) <0.001*
Clinical muscle tests
MF LS5 activation
Unable or poor 256 197 (77) 59 (23) 0.02%
Fair or able 87 56 (64.4) 31 (35.6)
Post treatment Total Improvement Non-improvement p value
Mean (SD) Mean (SD)
Number of treatments 775 5.8(5.2) 5.9(6.9) 0.85
Duration of treatments (months) 771 5.4 (7.8) 5.8 (9.7) 0.57

*indicates significance at p < 0.10. LBP low back pain, MF multifidus muscle.

To predict treatment success, patients were then classi-
fied into ‘level of benefit’ groups based on the benefit vari-
ables: high level of benefit comprised the presence of four
of the benefit variables, medium level of benefit comprised
the presence of three variables and low level of benefit com-
prised the presence of two or less variables (Table 4).

Testing the predictors

To test the predictors, an independent sample of 47 patients
who had received 2 or more treatment sessions and com-
pleted a VAS at their initial assessment and final treatment
session was included. The sample was shown to be compara-
ble with the larger cohort based on the assessment of demo-
graphic and initial assessment variables (all p > 0.05) (see
Online Resource 3). Participants were classified into groups

of high, medium or low levels of benefit for improvement
with MCT based on the clinical predictors identified in the
logistic regression model. There were 19 (40.4%) partici-
pants classified as high level of benefit, 18 (38.3%) classified
as medium level of benefit and 10 (21.3%) classified as low
level of benefit. Results of the repeated measures ANOVA
found that there was a significant interaction between time
and benefit group (F (2.0, 44.0) = 16.91, p = 0.009), indicat-
ing that there was a significant difference in pain intensity
from the beginning to the end of treatment between the ben-
efit groups (Table 5). The mean (SD) VAS for the sample
of 47 patients at initial assessment was 5.5 (1.8) cm and 3.3
(2.2) cm at the conclusion of treatment, which exceeds the
minimal clinically important effect (1.5 out of 10 points) for
the VAS [20]. Results for each of the three benefit groups
showed that the mean difference in the VAS exceeded the
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Table 2 Initial assessment

. . . Variable Improvement No improvement p value

findings (continuous variables)

for patients who improved and Age, years 46.6 (13.4) 453 (12.5) 0.22

S;‘:lt‘;g; gfélonvge with motor RMDQ 7.9 (5.4) 9.4 (5.6) 0.001%
HAQ 7.2 (2.0) 7.0 (2.2) 0.22
VAS, cm 4.8 (2.5) 53 2.1 0.008*
Duration of current pain, months 30.3 (65.3) 42.6 (88.4) 0.08*
Duration of pain total, months 117.3 (116.4) 122.7 (135.3) 0.61
MF L2 CSA, cm? 2.4 (1.0) 23(0.7) 0.59
MF L3 CSA, cm? 3.3 (1.1) 3.5(1.1) 0.34
MF L4 CSA, cm? 43(1.3) 43(1.5) 0.73
MF L5 CSA, cm? 4.7 (1.6) 4.5(1.6) 0.35
MF L2 Asymmetry, cm? 0.16 (0.25) 0.13 (0.13) 0.63
MF L3 Asymmetry, cm? 0.30 (0.31) 0.31(0.36) 0.80
MF L4 Asymmetry, cm? 0.46 (0.47) 0.46 (0.47) 0.87
MF L5 Asymmetry, cm? 0.55 (0.51) 0.51 (0.45) 0.45

Values are expressed as mean (SD). *indicates significance at p < 0.10. The Roland Morris Disability
Questionnaire (RMDQ) is scored between O (no disability) and 24 (maximum disability). HAQ Habitual
Activity Questionnaire, VAS visual analogue scale to measure pain intensity, MF multifidus muscle, CSA

cross-sectional area

Table 3 Variables predictive of treatment success organized in order of clinical relevance and then strength of association

Variables n Exposed percentage with Non-exposed percentage Unadjusted pvalue Adjusted odds p value
improvement from MCT  with improvement from odds ratio (95% ratio (95% CI)
MCT CI)
No evidence of scoliosis 692 74.9 524 2.7 (1.6,4.5) <0.001 4.0(1.7,9.6) 0.001
VAS (< 4.7)# 754 81.4 68.6 2.0(1.4,2.8) < 0.001
RMDQ (< 8.5)* 739 79.7 67.2 1.9(1.4,2.7) < 0.001
Poor activation of the MF 343 77.0 64.4 1.9(1.1,3.2) 0.024 2.0 (1.1,3.7) 0.017
L5
Prior treatment—not 755 74.5 61.6 1.8 (1.1, 3.0) 0.025
surgery”
Type—chronic recurring 768 78.4 68.6 1.7 (1.2,2.3) 0.002 3.1(1.8,5.3) < 0.001
pain
No associated groin pain 775 749 63.6 1.7 (1.0, 2.8) 0.040 2.2 (1.0, 5.0) 0.055
Type—not continual pain* 768 77.2 67.4 1.6 (1.2,2.3) 0.004
Duration (< 9.3 months) ¥ 735 76.8 69.0 1.5(1.1,2.1) 0.019

#The variables ‘VAS (< 4.7)’, ‘RMDQ (< 8.5)’, ‘Prior treatment—not surgery’, “Type—not continual pain’ and ‘Duration (< 9.3 months)’ did
not meet the criteria to be retained in the final model (all p > 0.10). MCT motor control training, VAS visual analogue scale to measure pain
intensity. The Roland Morris Disability Questionnaire (RMDQ) is scored between 0 (no disability) and 24 (maximum disability). MF multifidus

muscle. CI confidence interval

minimally clinically important effect (MCID) for the high-
and medium-benefit groups, but did not exceed the MCID
for the low-benefit group.

Discussion

Results of the current retrospective investigation showed that
variables which were predictive of a positive response to
MCT could be identified at the first treatment session. One
variable predictive of a positive response to MCT was poor
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performance on testing of the multifidus muscle. Poor ability
to contract the multifidus muscle has been previously dem-
onstrated in people with acute [21] and chronic LBP [22].
The mechanisms underpinning changes in the multifidus
muscle associated with LBP which might affect the ability
to contract the muscle are complex and time dependent and
are only beginning to be understood. In the acute phase,
animal studies have demonstrated reduced neural drive to
the multifidus muscle (consistent with muscle inhibition)
immediately after injury [23]. However, the changes in
the muscle appear to shift to fibrotic, adipose and muscle
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Table 4 Le\./el O‘f benefit based Level of benefit ~ Number  Percentage with Percentage with  Sensitivity (%)  Specificity (%)
on f coe.:fﬁcwnts rounded to the in group  improvement no improvement
nearest integer (PPV)
High benefit 300 81.7 18.3 81.4 45.5
Medium benefit 365 73.4 26.6 82.7 322
Low benefit 110 53.6 46.4
(reference cat-
egory)
p value < 0.0001
p value for trend < 0.0001

The benefit variables for this model are: no evidence of scoliosis including mild, negative for associated
groin pain, positive for type of pain being chronic recurring and activation of the multifidus muscle at LS
rated as poor on the left and right side

High benefit is a participant with all four benefit variables

Medium benefit is a participant with three benefit variables

Low benefit is a participant with two or less benefit variables

PPV positive predictive value

Testing the predictors

Table 5 Pain intensity (as

. Level of ben- n VAS Mean difference (95% CI) p value
measured by the visual efiit group
analogue scale—VAS) at Baseline mean (SE) Final mean (SE)
initial and final assessments for
patients classified into the levels High 19 6004 2.1(0.5) 3.8(27,5.0) < 0.001
of benefit for improvement with Medium 18  4.9(04) 3.2(0.5) 1.8 (0.6, 3.0) 0.005
motor control training Low 10 53(0.5) 4.4(0.7) 0.9 (- 0.7,2.5) 0.25

SE standard error, CI confidence interval

fibre-type changes in the subacute period [24]. In the chronic
phase of LBP, more generalized changes appear which are
more consistent with disuse [25]. A possible explanation
for the finding in the current investigation is that those with
poorer control of the muscle on initial assessment may have
more potential to improve in response to intervention. Pre-
vious studies have shown that improvements in multifidus
muscle size and function associated with MCT are com-
mensurate with a reduction in LBP [21, 26]. The multifidus
muscle plays a key role in proprioception [27] and control
of the lumbar lordosis [28]. The ability to better control and
be aware of the position of the lumbar lordosis may allow
patients to optimize loading on the lumbar spine and thereby
minimize the persistence of symptoms [29].

Results from the current investigation also showed
that the type of pain presentation was important. A previ-
ous study which classified LBP patients reported that the
‘chronic recurrent’ (episodic) subgroup represented the most
common presentation of LBP [17]. In the current investiga-
tion, MCT was found to be more effective for these patients.
A possible explanation for this finding may be that patients
with episodic LBP have opportunities to exercise in the pain-
free periods between episodes. This is important, as the pres-
ence of LBP has been shown to be associated with inhibition

of trunk muscles such as the multifidus muscle [23]. Being
able to exercise effectively and possibly more often in pain-
free periods may also potentially mitigate the changes seen
in trunk muscles such as the multifidus muscle thought to
be associated with disuse [30, 25]. Exercising in pain-free
periods may therefore have the potential to assist recovery,
and the adoption of self-management strategies may possibly
help to prevent recurrences [31].

Our findings suggested that patients with LBP and groin
pain were less likely to respond to MCT than those without
groin pain. It is possible that these patients may have had
associated hip joint pathology [32], as the groin region is
the most common site of symptoms for hip joint pathologies
such as hip osteoarthritis, femoroacetabular impingement
and labral pathology [33].

Finally, patients with LBP who reported that they had
a scoliosis were four times less likely to respond to MCT.
However, these results should be interpreted with caution, as
the presence of scoliosis was self-reported and only assessed
clinically, not radiographically, so any relationship between
the amount of structural deformity and the response to treat-
ment is unknown.

In summary, results of the current investigation could
represent a first step towards assisting clinicians to select
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patients who are the most likely to respond to MCT. Eighty-
two per cent of patients with the four indicators identified
were likely to respond to MCT treatment (high benefit),
compared with only 54% of patients in the low-benefit cat-
egory. When tested on an independent sample of patients,
patients were successfully classified into high-, medium- and
low-benefit categories regarding improvement associated
with MCT.

The main limitations of this study were the use of ret-
rospective clinical data, variation in the total number of
treatments per patient and the lack of a control group. In
addition, different physiotherapists administered the inter-
vention, and it is possible that this may have had an impact
on the outcome which was not adjusted for in the model.
Another limitation is that the variables derived from the
retrospective review of medical charts had low sensitivity
and specificity. Future studies could include more detailed
assessments of hip joint pathology and scoliosis to accu-
rately estimate sensitivity and specificity.
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