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Background/Purpose

Chronic low back pain affects how individuals bend. Whether pain self-efficacy, a term
describing one’s confidence in their ability to perform activities despite experiencing
pain, affects how much people with chronic low back pain bend their lumbar spine and
hips in response to exercise is unknown. The aim of this study was to investigate whether
baseline pain self-efficacy influenced either lumbar or hip flexion range of motion over
the first quarter of forward bending post-exercise intervention.

Study design
Cohort study.

Methods

New patients (aged 18-65 years old) presenting to a physiotherapy clinic with
moderate-severe chronic low back pain-related disability who had not undergone spinal
or lower limb surgery underwent assessment of pain self-efficacy (using the Pain
Self-Efficacy Questionnaire; range 0-60 points; higher indicates better), pain intensity
and kinesiophobia prior to 12-weeks of an exercise rehabilitation program. Two outcome
measures (lumbar and hip flexion range of motion over the first quarter of forward
bending from stance) were assessed at baseline, 6 and 12-weeks. Multivariable linear
mixed-effects modelling was performed for each outcome.

Results

Sixty-nine participants were recruited. At baseline, mean pain self-efficacy score was 44.0
(SD=10.0; range 22 to 60) points. For every 10-point increase in baseline pain
self-efficacy, lumbar flexion range of motion during initial forward bending decreased by
amean 1.47 (95% CI: -2.68, -0.27), 0.51 (95% CI: -1.41, 0.39) and 0.94 (95% CI: -1.75,
-0.13) degrees, while hip flexion range of motion decreased by a mean 1.74 (95% CI:
-3.68,0.21), 1.64 (95% CI: -3.70, 0.41) and 1.43 (95% CI: -3.34, 0.48) degrees at baseline,
6 and 12-weeks, respectively.

Conclusions

At baseline, higher pain self-efficacy was associated with reduced lumbar flexion during
initial forward bending. However, pain self-efficacy did not influence initial forward
bending following a 12-week exercise intervention.

Level of evidence
2

INTRODUCTION chronic state.! Impairments in range of motion and move-
ment are commonly associated with chronic low back pain
(CLBP)-related functional tasks, such as forward bending

Low back pain is a major global health problem, responsible
from stance.2"9 Given that impairments in forward bending

for substantial disability with many cases progressing to a
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are associated with increased disability or pain, improving
forward bending may play an indirect role in helping to al-
leviate the burden of CLBP.#6:7,10-12 [ particular, improv-
ing initial bending may be beneficial since this phase co-
incides with reversal of lumbar lordosis and the steepest
rise in intradiscal pressure,1314 a loading phase that may
be provocative in some individuals with low back pain, even
if not the sole cause of pain.!>

Exercise, particularly strengthening, coordination or
stabilization exercises, can improve pain, function and dis-
ability in CLBP populations.16-18 However, whether exer-
cise improves forward bending is unclear.!%-21 Individual
responses to exercise vary and the mechanisms behind how
certain people with CLBP improve with exercise are poorly
understood.18:22,23

To enhance understanding, a biopsychosocial model is
recommended.24 Under this model, the underlying mecha-
nisms of response to exercise in individuals with CLBP are
considered an interplay of biological, psychological and so-
cial factors.24 One important psychological factor to con-
sider in people experiencing pain is pain self-efficacy.25-30
Pain self-efficacy is the belief that certain activities can be
carried out despite pain.26 People with CLBP who demon-
strated poorer pain self-efficacy also demonstrate greater
disability.31:32 Aside from this association with poorer
CLBP outcomes, lower (i.e., worse) pain self-efficacy has
also been associated with altered lifting mechanics, includ-
ing a stiffer trunk and reduced lumbar contribution.33 How-
ever, little is known about which phase of the forward-
bend movement is most sensitive to these psychological
influences. In particular, reversal of lumbar lordosis occurs
within ~20-25 % of trunk flexion, marking the point of
steepest rise in intradiscal pressure and posterior nucleus
migration.!3 This initial phase is also characterized by the
slowest lumbar and hip angular velocities,? which may pro-
long the period of increased disc loading in people with
CLBP. Therefore, the first quarter of forward bending is a
critical phase during which the susceptibility of lumbar and
hip movements to influence from pain self-efficacy is un-
known.

There are also other elements aside from pain self-effi-
cacy that may impact lumbar and hip flexion range of mo-
tion during bending. Kinesiophobia, a psychological factor
distinct from pain self-efficacy, measures the fear of be-
ing active and of moving due to the possibility of injury or
exacerbating pain.26:31,34.35 Someone holding such beliefs
may avoid or limit movement.34 The intensity of pain ex-
perienced in the lower back may also explain the degree of
movement achieved.1829 This subjective pain rating, along
with kinesiophobia, are important to consider when in-
vestigating the relationship between pain self-efficacy and
lumber and hip flexion range of motion.

Using secondary data derived from a recently published
randomized controlled trial,3¢ the aim of this study was to
investigate whether baseline pain self-efficacy influenced
either lumbar or hip flexion range of motion (ROM) over
the first quarter of forward bending post-exercise inter-
vention. It was hypothesized that adults with lower base-
line pain self-efficacy may respond better to exercise than

those with higher baseline pain self-efficacy, demonstrated
by increased lumbar flexion ROM and/or reduced hip flex-
ion ROM during initial forward bending when assessed at 6
and 12-weeks.

METHODS

STUDY DESIGN AND SETTING

The design was a cohort study, utilizing data originally col-
lected for a randomized-controlled trial (RCT) of two exer-
cise interventions conducted at a single primary care phys-
iotherapy clinic in Melbourne, Australia over approximately
21 months (between July 2018 and March 2020).36 The pre-
sent study was approved by an institutional review board or
similar committee (reference number 1749845). There was
no patient or public involvement in the design, conduct, in-
terpretation or translation of this study. New patients with
CLBP presenting to the clinic were screened by a physio-
therapist for eligibility into the study. Eligible participants
(Table 1) gave informed consent to participate in the study
then underwent baseline assessment followed by 12-weeks
of global and isolated machine-based strengthening ex-
ercises with or without a neuromuscular control retrain-
ing exercise.3® In summary, all participants attended two
30-minute exercise sessions per week, supervised in a one-
to-one setting by qualified physiotherapists.3¢ Data were
collected again at 6 and 12-weeks post baseline assessment.
The research question for the present cohort study was de-
veloped following the completion of data collection.

PARTICIPANTS

Participants with CLBP aged 18 to 65 years who were new
patients of a physiotherapy clinic in Melbourne, Australia
were recruited in this study. Participants were included if
they presented with at least three months of low back pain
and at least moderate disability (ie, 21% or higher) on the
Oswestry Disability Index (ODI).37 Further details of in-
clusion and exclusion criteria are outlined in Table 1. A
physiotherapist individually screened participants who pre-
sented to the clinic. Participants who met the eligibility
criteria were presented with written information about the
study, including its procedures. Those interested in partici-
pating provided written informed consent prior to random-
ization and the rights of participants were protected.

VARIABLES
EXPOSURE

The exposure (pain self-efficacy) was measured at baseline
using the Pain Self-Efficacy Questionnaire (PSEQ), which
comprises 10 questions and ranges in score from 0-60
points, where higher scores indicate stronger beliefs or
more confidence in performing certain activities despite
pain.25,26.35 A score of 41 or more on the PSEQ indicates
minimal impairment, while a score of 31 to 40 indicates
mild impairment, a score of 21 to 30 indicates moderate
impairment and a score below 21 indicates severe impair-
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Table 1. Study inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

1. Aged between 18 and 65 years 1. Medication managed

2. Report chronic low back pain psychological iliness
with or without pain radiating 2. Previous spinal and
into the lower limbs for at least lower limb surgery
3 months 3. Diagnosed spinal os-

3. Demonstrate moderate or teoporosis/ osteopenia

greater disability on the ODI 4,
(i.e., 21% or greater)

Diagnosed unstable
spondylolisthesis/
spondylolysis

5. Diagnosed active sys-
temic/inflammatory
joint disease

6. Diagnosed neurological
and developmental dis-
orders

7. Overt neurological sign
(absence of lower limb
reflex or motor paraly-
sis)

8. Diagnosed significant
medical conditions
such as cancer or major
cardiac diseases

9. History of abdo-pelvic
organ prolapse

10. Use of medications that
may influence balance

11. Patientsfunded by a
compensable body

12. Inability to understand
written/spoken English

13.  Pregnant

14. <6 months postpartum

ODI= Oswestry Disability Index.

ment.3%38 The PSEQ, with a Minimal Clinically Important
Difference of 9 or 11,39 has demonstrated responsiveness
(minimal important change of 5.540) as well as high cri-
terion validity (r>0.88) and reliability (ICC>0.70) in CLBP
populations.3538,40.41

OUTCOMES

The two biomechanical outcomes were i) lumbar flexion
ROM and ii) hip flexion ROM over the first quarter of for-
ward bending assessed at baseline, 6 and 12-weeks post-
randomization. For kinematic analyses, participants were
assessed barefoot while wearing shorts. Non-reflective
markers were placed on the skin overlying specific verte-
brae, as well as the head, pelvis, upper and lower limbs.
Three-dimensional mapping of anatomical landmarks was
performed using a 12-camera optoelectric motion analysis
system (Optitrack Flex 13, NaturalPoint, Corvallis, OR,
USA) sampling at 120 Hz.

Participants started the task standing upright with arms
by their sides. Participants were given standardized instruc-
tions to bend down and lift an 8-kg object with both hands
from the ground to the level of their abdomen using a self-
selected technique. They then placed this object on their
right side four times then on their left side four times.
Bending (Figure 1) was conducted a maximum of eight

times, the first and fifth (first time bending to lift the object
to the other side) serving as practice.

The marker trajectories were labelled, cleaned and gap-
filled using Optitrack Motive software (NaturalPoint, Cor-
vallis, OR, USA). The joint angle data were filtered using
a fourth order zero-phase shift low-pass Butterworth filter.
Filtering is required to remove noise from kinematic data.*2
A frequency of 6 Hz was used as a standard cut-off But-
terworth filter frequency for joint angle.43 The marker tra-
jectories were then passed to OpenSim (v4.0) software to
calculate the lumbar and hip joint angles using the inverse
kinematics tool.#4 Joint angles were calculated using an
XYZ Cardan rotation sequence corresponding to flexion/ex-
tension, abduction/adduction, and internal/external rota-
tion. The hip joint center was estimated using the regres-
sion method described by Bell et al.,4> which uses pelvic
marker positions to estimate joint center location and is
widely applied in lower limb kinematic modelling. Time
(from upright stance until the object on the floor was
grasped: the forward bending phase of the lift) was stan-
dardized to 0%-100%. Lumbar and hip flexion ROM over the
first quarter of forward bending was measured in degrees
using Matlab (2020a) software. Negative flexion ROM in-
dicated the individual extended their hip or lumbar spine.
Mean lumbar flexion ROM and mean hip flexion ROM over
the first quarter of forward bending from up to six lifts (ex-
cluding the two practice lifts) were used in the data analy-
sis.

POTENTIAL CONFOUNDERS

A causal diagram was developed prior to commencing
analysis (Figure S1). The causal diagram made explicit the
authors’ understanding of the current evidence for the im-
portant influences on pain self-efficacy and initial forward
bending and identified potential confounding variables. As
depression, anxiety and stress were unmeasured, the pre-
sent study used data collected at baseline on the partici-
pant’s age (in years), sex (male or female), kinesiophobia,
and pain intensity. Kinesiophobia was measured using the
Tampa Scale for Kinesiophobia (TSK-17), which comprises
17 questions regarding pain-related fear beliefs about
movement and re-injury.344¢ Scores range from 17 to 68
with higher scores indicating greater fear of movement.
Pain intensity of the lower back over the past week was
measured using the Visual Analogue Scale (VAS) with a
range of 0 to 10.

STUDY SIZE

The present cohort study was a secondary analysis of data
collected for a RCT,3¢ and, as such, the convenience sample
of 69 participants was obtained due to COVID-19 restric-
tions preventing the continuation of the supervised exer-
cise programs and data collection.

STATISTICAL METHODS

A descriptive table for pain self-efficacy (the exposure),
lumbar and hip flexion ROM (the outcomes), and age, sex,
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Figure 1. Bending task from left to right: starting stance position to initial bending, bending and end bent

position.

pain intensity and kinesiophobia (the potential con-
founders) was generated for the total cohort with partici-
pants grouped by whether they completed only the base-
line assessment, the baseline and 6-week assessment, or all
three assessments to explore whether there was differential
loss to follow-up.

Multivariable linear mixed-effects models were fitted per
outcome with an interaction term between baseline pain
self-efficacy and time, and adjustment for the confounders
age, sex, and baseline kinesiophobia and pain intensity
(identified as the confounder set in the causal diagram, Fig-
ure S1). These models were fitted using restricted maxi-
mum likelihood with an unstructured residual covariance,
and all available outcome observations were analyzed (i.e.,
an available case analysis) where missing outcome data
were assumed to be missing at random.#7 Scatter plots at
each timepoint with LOWESS (locally weighted scatterplot
smoothing) curves were used to check the model assump-
tion of linearity between the outcomes and baseline pain
self-efficacy and continuous potential confounders, age,
baseline kinesiophobia and pain intensity.

Sensitivity analyses of the model results for each out-
come were conducted with potential outliers (residuals (>3
standard deviations [SD]) removed. The model for each out-
come was also refitted using all the individual observations
from each of up to 6 lifts per participant as the outcome (in-
stead of the average from up to six lifts) by nesting the indi-
vidual observations within each participant. All statistical
analyses were performed using Stata Version 15 (StataCorp,
College Station, TX, USA).

RESULTS

Sixty-nine participants completed the assessments and
their data were analyzed. Figure 2 shows the number of in-
dividuals at each stage of the study and the reasons for

non-participation. The primary reason for ineligibility was
a score of ‘minimal disability’ (less than 21%) on the ODI.
While 69 participants completed baseline assessment, 53
completed the baseline and the 6-week assessment, and 43
completed assessments at all three timepoints. Of the 26
participants who did not complete the 12-week assessment
(38% of the total sample), 16 (23% of the total sample) also
did not complete the 6-week assessment. The primary rea-
son for non-participation was due to COVID-19 restrictions
(N =12).

At baseline, all 69 participants recorded measures of
pain self-efficacy, age, sex, pain intensity, kinesiophobia
and initial bending outcomes for six lifts except for one
participant with recorded outcomes for five lifts and one
participant with recorded outcomes for two lifts. Of the
53 participants who completed the 6-week assessment, all
participants recorded outcomes for six lifts except for three
participants with recorded outcomes for five lifts each. All
43 participants who completed the 12-week assessment
recorded outcomes for six lifts.

Table 2 indicates that some characteristics and summary
measures of study participants differed according to which
assessments were completed. In particular, the 16 partic-
ipants who only completed the baseline assessment were
more likely to be male (75% vs 49%) and flexed at the hip
(11.9° vs 8.8°) slightly more at baseline than those 43 who
completed all three assessments. The 10 participants who
completed only the baseline and 6-week assessments flexed
at the lumbar spine (8.5° vs 5.9°) and hip (11.2° vs 8.8°)
more at baseline than participants who completed all three
assessments.

At baseline, 45 out of 69 participants (65.2% of the sam-
ple) were classified as minimally impaired in pain self-ef-
ficacy (a PSEQ score greater than 40). There was a similar
proportion of participants with minimal impairment in
baseline pain self-efficacy remaining at six weeks (66.0% or
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Screened for eligibility by
physiotherapist: N =117

v

h 4

Baseline assessment: N = 69

Y

Randomization (stratified by disability
level® moderate or severe): N = 69

l

Supervised physiotherapy

Oswestry Disability Index < 21% (N = 17)
Not aged between 18 to 65 years old (N = 11)

Active inflammatory joint disorder (N = 3)

Declined participation or travel restricted (N = 3)

Ineligible: (N = 48)

Failed inclusion criteria (N = 28)

Met exclusion criteria? (N = 17)
Previous spinal surgery (N = 8)
Compensable funding (N = 4)

Spinal osteoporosis (N = 2)
Serious psychiatric illness (N = 1)
Spondylolisthesis (N = 1)
Neurological disorder (N =1)
Overt neurological sign (N = 1)
Serious medical pathology (N = 1)

exercise treatment program

h 4

Did not complete 6-week assessment: N =16

COVID-19 restrictions: N=9
Cost: N =2

Analysis: N = 69

6-week assessment: N=53 [—»
Moved away: N =2
Work commitments: N=1
v Did not want to exercise - wanted manual therapy: N=1
Supervised physiotherapy Feeling better: N =1
exercise treatment program
Did not complete 12-week assessment: N = 10
COVID-19 restrictions: N=3
T ——— > Treatment for unrelated condition: N = 2
Work commitments: N = 2

Feeling better: N=1
Moved away: N=1
Time commitments to study: N=1

Figure 2. Study flow chart with the numbers of individuals remaining or no longer participating at each stage

and reasons for non-participation.

aSome individuals met multiple exclusion criteria. PDisability is measured using the Oswestry Disability Index; scores between 21% and 40% indicate moderate disability and scores

>41% are classified as severe disability.

35 out of 53 participants) and 12 weeks (67.4% or 29 out of
43 participants). No participants recorded PSEQ scores in
the severe impairment band (a score less than 21).

Table 3 shows the estimated mean change in each out-
come at each timepoint with a 10-point increase in baseline
PSEQ score, adjusted for age, sex, and baseline kinesio-
phobia and pain intensity. A 10-point change in baseline
PSEQ was chosen because the standard deviation (SD) of
the PSEQ measure in this study was 9.96 and the minimal
important change in PSEQ has been reported as nine.35 At
baseline, there was an estimated mean decrease of 1.47 de-
grees (95% CI: -2.68, -0.27) in lumbar flexion ROM and 1.74
degrees (95% CI: -3.68, 0.21) in hip flexion ROM over the
first quarter of forward bending per 10-point increase in
baseline pain self-efficacy, adjusted for age, sex, and base-
line kinesiophobia and pain intensity. At 6- and 12-weeks,
there were, respectively, estimated mean decreases of 0.51
(95%CI: -1.41, 0.39) and 0.94 degrees (95%CI: -1.75, -0.13)
in lumbar and 1.64 (95%CI: -3.70, 0.41) and 1.43 degrees
(95%CI: -3.34, 0.48) in hip flexion ROM over the first quar-
ter of forward bending per 10-point increase in baseline

pain self-efficacy, adjusted for age, sex, and baseline kine-
siophobia and pain intensity.

Figure 3 shows that the association between baseline
pain self-efficacy and each outcome did not change sub-
stantially over time, and this was confirmed with the inter-
action terms for baseline pain self-efficacy and follow-up
time (interaction p-values ranged from 0.086 to 0.931).

The main analysis was robust to removal of outliers (ob-
servations more than 3 SD from the mean residual) and to
using the individual lift scores instead of an average of up
to six lifts per participant (Table S1 and Table S2, respec-
tively).

DISCUSSION

KEY RESULTS

Adults with CLBP often demonstrate altered forward bend-
ing mechanics, yet it remains unclear why some individuals
show greater changes in movement patterns following ex-
ercise interventions than others. Pain self-efficacy has been
linked to disability and lifting strategies in CLBP popula-
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Table 2. Study participant characteristics and summary measures? grouped by which assessments were

completed.
. . Completed baseline,
Completed baseline Completed baseline and 6-week 6 and 12-week Total
assessment only assessments
assessments

N=16 N=10 N=43 N=69
Sex
Female 4(25) 7 (70) 22(51) 33(48)
Male 12(75) 3(30) 21(49) 36(52)
Age (Years) 46 (37-53) 47 (33-53) 50 (40-57) 48 (39-55)
PSEQ 43.5(7.6) 40.8 (12.4) 44.9(10.3) 44.0(10.0)
TSK-17 37.8(5.7) 38.7(9.5) 37.5(7.3) 37.7(7.2)
Pain
intensity (VAS) 48.0(17.8) 64.2(19.1) 51.5(16.7) 52.5(17.8)
Lumbar
flexion ROM
Baseline 6.27 (7.60) 8.48(5.18) 5.87(3.47) 6.34(4.95)
Week 6 4.85(2.86) 4.86(3.01) 4.86(2.96)
Week 12 3.78(2.51) 3.78(2.51)
Hip flexion
ROM
Baseline 11.85(9.25) 11.20(7.30) 8.82(6.24) 9.86(7.20)
Week 6 10.09 (8.01) 8.35(7.04) 8.68(7.18)
Week 12 6.66 (5.84) 6.66 (5.84)

Abbreviations: VAS, Visual Analogue Scale; PSEQ, Pain Self-Efficacy Questionnaire; TSK-17, Tampa Scale for Kinesiophobia (17 item); ROM, Range of Motion.
aData are presented as mean (SD) or median (25"}‘775th percentile) for continuous measures, and n (%) for categorical measures.

Table 3. Estimated mean change in each outcome at each timepoint per 10-point increase in baseline PSEQ

score?,

Outcome Timepoint Mean (95% Cl) p value

Lumbar flexion ROM Baseline -1.47 (-2.68,-0.27) 0.017
Week 6 -0.51(-1.41,0.39) 0.265
Week 12 -0.94(-1.75,-0.13) 0.023

Hip flexion ROM Baseline -1.74(-3.68,0.21) 0.080
Week 6 -1.64(-3.70,0.41) 0.117
Week 12 -1.43(-3.34,0.48) 0.143

Abbreviations: PSEQ, Pain Self-Efficacy Questionnaire; CI, Confidence interval; ROM, Range of motion.
aAdjusted for age, sex, and baseline kinesiophobia and pain intensity using a multivariable linear mixed-effects model with unstructured residual covariance for each outcome.

tions and may be one factor influencing this variability. Un-
derstanding whether baseline pain self-efficacy influences
changes in lumbar and hip movement during forward bend-
ing could inform personalized rehabilitation strategies.
Therefore, the aim of the present study was to determine
whether baseline pain self-efficacy was associated with
lumbar and/or hip flexion ROM in the initial phase of for-
ward bending following a 12-week exercise program. The
present study found no evidence that baseline pain self-ef-
ficacy influenced lumbar flexion ROM or hip flexion ROM
during initial forward bending post-exercise in adults with
CLBP. This is the first study that has investigated the po-
tential influence of baseline pain self-efficacy on this move-
ment post-exercise intervention. The present study also
found that, at baseline, participants with higher pain self-

efficacy flexed their lumbar spine less than those with lower
pain self-efficacy during initial forward bending. The differ-
ence, however, was less than 2 degrees for every 10-point
change in pain self-efficacy, which may be clinically negli-
gible. This initial phase of forward bending in people with
CLBP was of interest as it may be associated with pain
provocation given lumbar disc degeneration.!® In a degen-
erated lumbar disc, intra-discal pressure is not uniform and
often accompanied by annular fissuring and ingrowth of
nerve endings into the nucleus.!5 Movement of the nucleus
during initial lumbar flexion may compress these nerve
endings, resulting in irritation and pain.!> A strategy to
minimize the risk of pain provocation during the initial
stage of bending movement could be to flex less through
the lumbar spine and/or more through the hip (i.e., lower
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Figure 3. Estimated mean changes (and 95%
confidence interval) in each outcome at baseline,
6-weeks, and 12-weeks per 10-point increase in
baseline PSEQ score.

PSEQ, Pain Self-Efficacy Questionnaire; ROM, Range of motion.

lumbar-hip ratio).1> This is consistent with previous re-
search identifying that, during forward bending, those with
CLBP flexed their lumbar spine less or their hips more than
those without CLBP.48 While prior studies have analyzed
either total range of motion? or later quartiles,8 the present
study extends this work by examining the initial quartile
of motion, when mechanical loading on spinal structures
rises most steeply. However, whilst we hypothesized that
pain self-efficacy may influence the adoption of a move-
ment strategy post exercise intervention similar to those
without CLBP, the current findings failed to support this
notion.

Higher levels of pain self-efficacy, which indicate greater
confidence in one’s ability to perform activities despite ex-
periencing pain, are associated with better outcomes in
terms of pain management, disability reduction, and func-
tional ability.29:3348 Previous research suggests CLBP suf-
ferers with lower pain self-efficacy lift light loads (of ap-
proximately 10% body weight) using a different technique
(i.e., stiffer back, knees more bent) compared to those with
higher pain self-efficacy.33 This is somewhat in contrast to
the current results of higher pain self-efficacy being associ-
ated with less lumbar spine flexion during initial bending.
Lifting a light load with an extended lumbar spine could be
detrimental to spinal health as this posture is associated
with a higher amount of loading.4® Consequently, investi-
gating how pain self-efficacy influences bending and lifting
kinematics following interventions such as exercise is im-
portant.

Changes of lumbopelvic movement coordination are
thought likely to be a result of specific motor control train-
ing of the lumbopelvic region.>0 Tsang et al.50 (2021) re-
ported changes in lumbar spine and hip angular velocity
during repeated forward bending movement following a
6-week training program. The participants in this study
also reported improvement in pain self-efficacy (assessed
using the PSEQ) following the program. Tsang et al. exam-

ined deep abdominal (transversus abdominis) muscle ac-
tivation, while the present study concentrated on isolated
lumbar extensor muscle strengthening using a lumbar ex-
tensor dynamometer with pelvic stabilisation.>! Addition-
ally, Tsang et al.>0 progressed their exercises from activat-
ing deep muscles to performing controlled movements of
the lumbopelvic area. In contrast, the exercise progression
in the present study involved increasing resistance to the
same movement. The lack of targeted training may explain
why the results of the present study did not show associ-
ated changes in lumbopelvic motor control.

A strength of the present study was the utilization of
longitudinal data from the robustly designed prior RCT. The
causal diagram also made explicit the investigator’s evi-
dence-based assumptions of what influences pain self-effi-
cacy and initial forward bending post-exercise in this CLBP
population and identified potential confounding variables
that were adjusted for in the analyses.

LIMITATIONS

As a secondary analysis of data originally collected as part
of an RCT investigating the effect of two exercise inter-
ventions on disability, the (general strengthening) exer-
cises were not targeted to improve initial forward bending.
Hence, a lack of change in this movement, regardless of
pain self-efficacy score, may explain the null result.2:8:22,
28,48,52 A5 most participants were minimally impaired in
pain self-efficacy, and no one severely impaired, the gen-
eralizability of the results are also reduced. The present
study sampled participants seeking treatment, which may
explain why most had high pain self-efficacy. Though the
hypothesis related specifically to the initial 25% of the for-
ward bending movement (as this is where it was theorized
a change in response to exercise may occur),!> the biome-
chanics of lifting may not be adequately reflected in lum-
bar and hip kinematic data in the initial 25% of forward
bending alone and may need to be combined with knee
and ankle kinematic data, data on the remaining 75% of
the forward bending motion or kinetic data. It is a limi-
tation of the present study, however, that this other data
was not analyzed. Additionally, the magnitude of change
that was observed (<2° for both lumbar and hip flexion)
is smaller than the typical measurement error reported for
marker-based optical motion capture of the spine and hip.
Specifically, typical soft tissue artifact-related angular er-
rors (5-10° lumbar; 6-8° hip) and published minimal de-
tectable change values (> 6-15°) exceed the <2° changes ob-
served in the current study, indicating these differences
may lie within measurement noise.>3-55 Hence, the small
angular differences detected in this study should be inter-
preted with caution, as they may fall within the error of the
measurement system. Finally, there was substantial miss-
ing outcome data, largely due to COVID-19 restrictions,
with indications of differential loss to follow-up. Conse-
quently, the results may be biased since mixed-effects mod-
elling assumes data are missing at random, after control-
ling for the measured confounders.
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INTERPRETATION

Given these limitations, a lack of evidence that pain self-
efficacy influences initial forward bending post-exercise is
not conclusive. Further studies are needed to corroborate
these findings. Such studies may consider analyzing other
lifting-related kinematic and kinetic data. These studies
may also consider alternate methods of recruitment aside
from sampling only those seeking treatment. Targeting ex-
ercise to improve certain kinematic and kinetic outcomes,
such as by training lifting techniques for tasks such as lift-
ing groceries, would also maximize the chance of detecting
an effect of pain self-efficacy on these outcomes, if one ex-
isted.

CONCLUSION

In the present study, baseline pain self-efficacy did not in-
fluence initial forward bending at 6- and 12-weeks follow-
ing exercise but was associated with less lumbar flexion
during initial bending at baseline. Further research on
other modifiable variables that may affect exercise out-
comes is required.
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