| RESEARCH REPORT ]

SINEAD HOLDEN, PhD'?% « MARK MATTHEWS, PhD342  MICHAEL SKOVDAL RATHLEFF, PhD!25
JESSICA KASZA, PhD® o FOHX GROUP® « BILL VICENZINO, PhD?

How Do Hip Exercises Improve Pain in
Individuals With Patellofemoral Pain?
Secondary Mediation Analysis ot Strength
and Psychological Factors as Mechanisms
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not improvements in outcomes are medi-
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Apart from improving strength, exercise
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may exert effects through psychological
mediators,>'®%4 such as improving ki-
nesiophobia,’® pain catastrophizing, pain
self-efficacy, or anxiety.?*3!

We recently published the results of a
randomized clinical trial that compared
foot orthoses to hip exercises in 218 indi-
viduals with patellofemoral pain.?>?* We
collected data on potential mediators, in-
cluding hip muscle strength, anxiety, ki-
nesiophobia, and pain catastrophizing, at
6 and 12 weeks. The primary hypothesis
of this secondary mediation analysis was
that hip exercises would improve pain
(evaluated by the Knee injury and Osteo-
arthritis Outcome Score pain subscale
[KOOS-P]) and number of pain-free
squats performed at 12 weeks by improv-
ing hip strength. Our secondary hypoth-
esis was that the effects would possibly
also be explained by improvements in
psychological factors.

METHODS

HIS IS A SECONDARY ANALYSIS OF

data from a randomized clinical trial

investigating the effect of hip exer-
cises versus foot orthoses on patellofem-
oral pain® (the Foot Orthoses versus
Hip eXercises [FOHX] trial®?). The
trial was conducted in Brisbane, Aus-
tralia and Aalborg, Denmark. The aims
of the FOHX trial were to determine
(1) whether patients with patellofemo-
ral pain who had greater midfoot width
mobility reported better outcomes from
foot orthoses compared to hip exercises,
and (2) whether hip exercises were supe-
rior to foot orthoses, irrespective of foot
mobility. The detailed protocol®® and re-
sults of the trial are reported elsewhere.
This secondary analysis was intended
to explore potential mechanisms of the
treatment effect and was not prespeci-
fied in the protocol. The original study
protocol was approved by the University
of Queensland Medical Research Ethics
Committee (2013000981) and the eth-
ics committee in the North Denmark
Region (N-20140022). The reporting of
this secondary analysis follows the CON-

SORT checklist* and its pain-specific
supplement.’”

Participants
Participants were recruited by advertise-
ments and/or referral from health care
practitioners. Participants were eligible
for inclusion if they (1) were aged 18 to
40 years; (2) reported an insidious onset
of anterior, retropatellar, or peripatellar
pain of at least 6 weeks’ duration that was
aggravated by at least 2 of the following
activities: climbing or descending stairs,
crouching or squatting, running, or pro-
longed sitting; (3) reported their worst
pain over the last 7 days to be 3 or great-
er on a numeric pain-rating scale (0-10,
with O representing no pain and 10 rep-
resenting the worst pain imaginable); (4)
had tenderness on palpation of the patel-
lar borders; and (5) had pain reproduced
by a step-down or double-leg squat.
Participants were excluded if they
reported traumatic onset of symptoms;
concomitant injuries to or pain from the
hip, lumbar spine, or other knee struc-
tures that manifested with similar symp-
toms; patellar dislocation or instability;
previous knee surgery; evidence of knee
joint effusion; foot conditions that pre-
cluded the use of foot orthoses; using an-
ti-inflammatory drugs or corticosteroid
medication; or previous treatment for
patellofemoral pain that included foot
orthoses or hip exercises. Eligible partic-
ipants were also required to have a ba-
sic understanding of written and spoken
English (Brisbane, Australia) or Danish
(Aalborg, Denmark).?? All participants
gave written informed consent prior to
participation.

Randomization
Randomization was stratified by site
(Brisbane or Aalborg) and midfoot width
mobility. Further details are reported
elsewhere.?>3?

Interventions

Full details on the interventions can be
found in the trial protocol and the main
trial publication.?*?* Both interventions

were delivered by registered physical
therapists.

Foot Orthoses Prescription of foot or-
thoses followed the protocol outlined
in a previous randomized clinical trial.’
Physical therapists fitted commercially
available prefabricated foot orthoses (Vi-
onic Group LLC, San Rafael, CA) and a
pair of orthosis-like contoured sandals.'?
Participants performed a home exercise
program of calf stretches and antipro-
nation foot exercises twice per day, as
described in the trial protocol.?* Over 6
weeks, participants attended 6 sessions to
fit and revise orthoses and ensure home
exercise adherence. No information was
given regarding continuing or discontin-
uing foot orthoses after the 6 sessions.
Hip Exercises The hip exercises repli-
cated those from a previous randomized
clinical trial,'s and their efficacy has been
supported in a subsequent trial.*!¢ Hip
exercises were delivered in physical ther-
apist-supervised one-on-one exercise
sessions, 3 times per week for 4 weeks
(12 sessions total). In the exercise ses-
sions, progressive, resisted hip exercises
were performed bilaterally and focused
on the hip abductor, external rotator, and
hip extensor muscle groups in sidelying,
supine, and standing. Resistance for each
exercise was delivered via elastic exercise
bands, at an intensity that allowed a max-
imum of 10 repetitions and a perceived
exertion rating of 5 to 7 (hard to very
hard) out of 10. No instructions were giv-
en regarding continuing or discontinuing
hip exercises after the 12 sessions.

Baseline Measures

Baseline assessment included demo-
graphic and pain characteristics of the
participants, as well as baseline evalua-
tion of outcomes, mediators, and poten-
tial confounders of the mediator-outcome
relationship (outlined below).

Outcome Measures

Our research question related to the
mechanisms of interventions on pain in
patients with patellofemoral pain. The
outcomes selected for this causal medi-
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ation analysis were the KOOS-P* and
number of pain-free squats, both mea-
sured at 12-week follow-up. These out-
comes were selected because they are
pathognomonic of patellofemoral pain
and specific to pain, our domain of inter-
est. This contrasts with the global rating
of change that was reported as the pri-
mary outcome in the FOHX trial, which
is not specific to pain. The KOOS-P and
pain-free squats indicated superiority of
hip exercise compared to foot orthoses in
the trial (coefficient, 4.1; 95% confidence
interval [CI]: 0.6, 7.6; P = .02 and 2.9;
95% CI: 0.6, 5.1; P = .01, respectively).>

The KOOS-P is a subscale of the
KOOS and was administered at baseline
and at 6 and 12 weeks.? The KOOS-P
is scored and converted to a 100-point
scale, with O representing extreme prob-
lems and 100 representing no problems.
Number of pain-free squats was deter-
mined by having participants stand with
their feet shoulder-width apart and squat
until they could touch both lateral mal-
leoli with their fingers. Participants per-
formed squats in time with a metronome
set to 96 beats per minute, squatting
down in 2 beats and standing in 2 beats.
Participants continued until the onset of
symptoms, the worsening of symptoms,
or until they reached 25 repetitions
without pain. The outcome assessor was
blinded to treatment allocation.

Mediators

TABLE 1 outlines the selected mediators
and theoretical rationale underpinning
our selection of potentially relevant me-
diators. These mediators were selected
prior to undertaking the analysis. All me-
diators were measured at baseline and at
6 weeks and are described below.

Hip Strength at 6 Weeks (Hip Abductors,
Adductors, and External Rotators) Hip
strength was measured by a maximal
voluntary isometric contraction (MVIC)
measured with a handheld dynamometer
(Lafayette Instrument Company, Lafay-
ette, IN). For each strength test, partici-
pants completed 2 practice contractions
at approximately 50% MVIC and 100%
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MVIC, followed by 3 test MVICs. For the
tests, participants were instructed to hold
the MVIC for 5 seconds, with a 30-sec-
ond rest between each attempt. For the
hip abductor and adductor tests, partic-
ipants were lying in supine, with the dy-
namometer placed 5 cm proximal to the
lateral or medial malleolus, respectively.
Participants’ test legs were extended in 0°
of abduction and 0° of flexion. Hip ex-
ternal rotation was measured in supine,
with the dynamometer 5 cm proximal to
the medial malleolus and participants’
hips in 30° of flexion. The dynamome-
ter was stabilized by a rigid belt for hip
abduction and adduction, and by a sol-
id bracket for hip external rotation (see
protocol®?). The maximum force output
during each contraction was multiplied
by the lever arm to give peak torque and
was normalized to body mass (Newton
meters per kilogram). The lever arm for
hip abduction and adduction was mea-
sured as the distance from the anterior
superior iliac spine to 5 cm proximal to
the lateral or medial malleolus, respec-
tively. Limb length for hip external rota-
tion was measured as the distance from
the medial joint line to 5 cm proximal to
the medial malleolus.

Psychological Characteristics at 6
Weeks As part of the test battery com-
pleted by participants at each time point,
pain catastrophizing was measured using
the Pain Catastrophizing Scale,*” kinesio-

phobia via the Tampa Scale of Kinesiopho-
bia,** and anxiety via the Hospital Anxiety
and Depression Scale anxiety subscale.>*

Potential Confounders

Selection of potential confounders of
the relationship between mediators and
outcomes was based on theoretical caus-
al relationships with the mediator and
outcome. Pain duration was a pretreat-
ment confounder. Baseline levels of the
mediator and the outcome, as well as the
stratifying variables of midfoot width
mobility and site, were also included to
further adjust for confounding of the me-
diator-outcome relationship.

Time Points and End Points

All variables (outcomes and mediators)
were measured at baseline and at 6 and
12 weeks. The mediators used for this
mediation analysis were the data collect-
ed at 6 weeks, while the outcomes were
from the 12-week follow-up. Six weeks
was the intermediate time point for the
mediators, due to the assumptions of
temporal precedence for the mediators
(ie, changes in mediators occur prior to
changes in outcomes).

Statistical Analysis

All analyses were conducted in Stata Ver-
sion 15 (StataCorp LLC, College Station,
TX). Differences in potential mediators
between randomized treatment groups

TABLE 1

DESCRIPTION OF SELECTED MEDIATORS,

MEASUREMENTS, AND THEORETICAL RATIONALES

Construct/Measure

Theoretical Rationale

Strength

Isometric abduction, adduction,
and external rotation

Psychological characteristics

Hospital Anxiety and Depression
Scale anxiety subscale

Pain Catastrophizing Scale

Tampa Scale of Kinesiophobia

Hip exercise increases hip strength, but it is unclear whether this improvement
drives the effect of hip exercise on clinical outcomes

Anxiety decreases with treatment. Decreased anxiety is associated with
decreased knee pain severity and knee-related disability®

Catastrophizing is associated with increased pain severity and increased
knee-related disability." Decreased catastrophizing could positively influence
pain and disability

Increased kinesiophobia is associated with increased disability."*! Exposure to
exercise may positively challenge maladaptive beliefs/associations

604 | DECEMBER 2021 | VOLUME 51 | NUMBER 12 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY



Downloaded from www.jospt.org at on March 13, 2026. For personal use only. No other uses without permission.

Copyright © 2021 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

were first investigated by fitting a linear
regression model for each mediator, in-
cluding terms for randomized treatment
group, the baseline value of the media-
tor, and the stratifying variables of site
and midfoot width mobility. The medi-
ation analysis was conducted using the
“paramed” command in Stata,’* which
decomposes the total effect of the ran-
domized treatment group on the outcome
by fitting 2 linear regression models: one
for the mediator and the other for the
outcome. The model for the mediator at
week 6 adjusted for baseline levels of the
mediator and the outcome, treatment
group, and stratifying variables. The
model for the outcome adjusted for base-
line levels of the mediator and the out-
come, the value of the mediator recorded
at week 6, randomized treatment group,
pain duration, and stratifying variables.
The total effect of the treatment on
the outcome is decomposed into an “in-
direct effect” that changes the outcome
by first changing the mediator and a “di-
rect effect” that describes the change in
the outcome that is not brought about by
a change in the mediator*’ (ie, total effect

= direct effect + indirect effect). Similarly,
the indirect effect can then be quantified
as the difference between the total effect
and the direct effect (ie, indirect effect =
total effect - direct effect) (FIGURE). Sepa-
rate models were run for each mediator.
The assumptions of linearity, normality,
and homoscedasticity of residuals were as-
sessed graphically and found to be valid for
linear regression models for each outcome,
adjusting for each mediator separately. We
also estimated the proportion of the effect
mediated, using the “mediation” package
in Stata.?® This proportion was only calcu-
lated in those situations where the indirect
effect and total effect had the same sign.>*

The validity of 4 assumptions is re-
quired to obtain unbiased estimates of
the indirect and direct effects. The first
2 of these are that all confounders of the
relationship between the treatment group
and the outcome and all confounders of
the relationship between the treatment
group and the mediator are included in
the regression models. The third assump-
tion is that all confounders of the medi-
ator-outcome relationship are adjusted
for. The fourth is that there are no effects

Mediators

adduction or external

ing or kinesiophobia

« Hip strength (abduction or

rotation) < mediator and the outcome
+ Psychological characteristics « Location (Denmark/Australia)
(anxiety or pain catastrophiz- « Foot mobility

Confounders
« Baseline pain duration
« Baseline values of the

Randomized treatment
group

N

QOutcome
« KOOS-P

 Hip exercises versus
©
foot orthoses

Score pain subscale.

« Pain-free squats

FIGURE. Model for the mediation analysis. This model was used to analyze potential mediation of the relationship
between randomized treatment group (hip exercises versus foot orthoses) and outcomes (KOOS-P or number of
pain-free squats) by selected mediator variables (hip strength or psychological characteristics). Path A indicates
the effect of the independent variable on potential mediators. Path B indicates the effect of mediators on outcomes
(KOOS-P and number of pain-free squats). Paths A and B represent indirect effects. Path C indicates the direct
effect of the randomized treatment on outcomes. Abbreviation: KOOS-P, Knee injury and Osteoarthritis Outcome

of treatment that confound the media-
tor-outcome relationship. The first 2 of
these assumptions are satisfied by the
random allocation of participants to treat-
ment groups. That is, if successful, ran-
domization produces treatment groups
that are comparable with respect to both
known and unknown confounders. As
treatment allocation is the exposure, this
means that potential confounding of the
exposure-outcome and exposure-media-
tor relationships would be minimal. The
second 2 assumptions cannot be verified
statistically. We conducted sensitivity
analyses to examine the robustness of un-
measured confounding. Sensitivity analy-
ses were conducted using the “medsens”
user-written Stata command.?*%

RESULTS

F THE 220 PARTICIPANTS RECRUIT-

ed and enrolled into the study be-

tween June 2014 and April 2017,
218 participants were randomized and
included in the original trial (2 were ex-
cluded due to errors with randomization).
Of these, 109 were randomized to wear
foot orthoses and 109 were randomized to
perform hip exercises (baseline character-
istics are shown in TABLE 2; the inclusion
flow chart is shown in the supplemental
file, available at www.jospt.org). The par-
ticipants allocated to hip exercises attend-
ed, on average, 10.1 of 12 (84%; range,
1-12) of their sessions; those allocated to
foot orthoses attended, on average, 5.5 of
6 (92%; range, 1-6) of their sessions and
reported that they wore their foot ortho-
ses for 74% of waking hours.

Mediation Analyses

The means and standard deviations of
the potential mediators at baseline and
week 6 by treatment group are displayed
in the supplemental file. TABLE 3 displays
path A, the estimated mean differences
in the mediators at week 6 between treat-
ment groups. While there did appear to
be evidence for a difference between
treatment groups with respect to the
Hospital Anxiety and Depression Scale
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anxiety subscale score and external rota-
tion strength, there did not appear to be
evidence for a difference between groups
with respect to other potential mediators.
Nevertheless, we considered all potential
mediators for the full mediation analysis.
TABLE 4 demonstrates the effect of media-
tors on outcomes (path B).

Indirect, direct, and total effects, ad-
justed for trial site, foot mobility (the
original trial’s primary aim), and symp-
tom duration, are presented in TABLE 5.
There was evidence of a difference in
KOOS-P score and pain-free squats be-
tween the hip exercise and foot ortho-
sis groups. There did not appear to be
evidence of the mediation of the effects
(indirect effects) by any of the potential
mediators considered.

Sensitivity Analyses

The results of the sensitivity analysis
for the KOOS-P indicated that the in-
direct effects of the treatment that act-
ed through the Hospital Anxiety and
Depression Scale anxiety subscale and
through external hip rotation strength
were sensitive to the degree of residual
confounding. This means that relatively
small amounts of residual confounding
may lead to indications of indirect effects
on the KOOS-P (supplemental file). The
sensitivity analysis for pain-free squats
indicated that the indirect treatment
effect on the Hospital Anxiety and De-
pression Scale anxiety subscale and on
external hip rotation strength was also
sensitive to the degree of residual con-
founding (supplemental file).

DISCUSSION

REVIOUS STUDIES DEMONSTRATED

the efficacy of hip exercises on pain

and clinical outcomes. Our second-
ary mediation analysis of the FOHX trial
data formally assesses some of the plau-
sible mechanisms of the treatment effect
of hip exercises. We found no evidence
that changes in hip strength, anxiety,
kinesiophobia, or pain catastrophizing
mediated the effect of hip exercises on

| RESEARCH REPORT ]

pain and number of pain-free squats in
patients with patellofemoral pain. There-
fore, we question prevailing assumptions
regarding the mechanisms underpinning
how hip exercises help in managing pa-
tellofemoral pain.

How Do Hip Exercises Affect Outcomes

in People With Patellofemoral Pain?
Clinicians recommend hip muscle
strength exercises for patients who have
patellofemoral pain because people
with patellofemoral pain have weak hip
muscles.’® Despite prospective studies
showing that weakness of the hips is a
result of patellofemoral pain and not a
risk factor,’*® hip muscle-strengthen-
ing exercises are advocated in guidelines
for managing patellofemoral pain."® The
rationale was that exercise strengthens
weakened muscles, which influences pa-

tellofemoral stress and thus pain. This
has never been tested, nor have nonspe-
cific mechanisms been identified.

We did not find any mediating effect
of hip strength. One reason for this may
be the effect of hip exercises on strength.
Treatment effects on hip strength were
not large, and only hip external rotation
had relatively narrow CIs that did not
contain the null value (zero). The mag-
nitude of these improvements in hip
strength was similar to that of such im-
provements in a previous study using the
same hip-strengthening protocol.’® None
of the strength mediators were associated
with outcomes. Hypothetically, strength-
ening interventions may exert their effect
either through other measures of muscle
performance or through nonspecific con-
textual effects. Exercises might influence
pain-induced muscle inhibition, as seen

BASELINE CHARACTERISTICS FOR THE Hip

L2 EXERCISE AND FooT ORTHOSIS GROUPS?
Hip Exercises Foot Orthoses
Age,y 28.3+6.0 279+6.0
Body mass index, kg/m? 255+49 247+48
Sex (women), n (%) 70 (64.2) 81 (74.3)
Participants with bilateral symptoms, n (%) 69 (63.3) 77 (70.6)
Pain duration, mo 52.3+619 55.4+60.8

Values are mean + SD unless otherwise indicated.

PaTH A: EFFECT OF RANDOMIZED TREATMENT

TABLE 3
GROUP ON POTENTIAL MEDIATORS AT 6 WEEKS?
Foot Orthosis - Hip Exercise
Potential Mediator n° Mean Difference® P Value
Abduction strength, Nm/kg 189 -0.04 (-0.10, 0.01) 15
Adduction strength, Nm/kg 189 -0.04 (-0.10, 0.02) 20
External rotation strength, Nm/kg 188 -0.04 (-0.07,-0.02) <01
HADS anxiety subscale 191 -0.88 (-1.55, -0.21) 01
Pain Catastrophizing Scale 191 047 (-1.44,2.38) 63
Tampa Scale of Kinesiophobia 192 0.77 (-0.74, 2.28) 32

and midfoot width mobility.

other variables included in the models.
“Values in parentheses are 95% confidence interval.

Abbreviation: HADS, Hospital Anxiety and Depression Scale.
“Adjusted for the baseline measure of the potential mediator and for the stratifying variables of site

YThe sample size indicates the number of participants who had complete data for the mediator and all
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in individuals with anterior knee pain,*
or influence lower-limb kinematics/ki-
netics and patellofemoral joint stress®?
as a mechanism of action. These possible
mechanisms of effect (and others) requires
systematic evaluation in future research.

Improvements in isometric knee ex-
tension strength mediated improvements
in pain and symptoms (versus a no-in-
tervention control) in patients who had
knee osteoarthritis.**® Does the mech-
anism of effect of exercise differ under
different musculoskeletal conditions or
with differences in genesis and patho-
physiology? Larger treatment effects
on strength in the osteoarthritis study
are likely related to comparison with a
no-intervention control rather than with
another intervention, rather than with
another intervention, which was the case
in our trial. These findings also reiterate
the importance of understanding the
causal mechanisms of how an interven-
tion works, in addition to estimating its
treatment effects in randomized paral-
lel-group study designs.” Understanding
how interventions work is key to deliv-
ering effective interventions, achieving
successful outcomes, and implementing
research into clinical practice.®

Is There Potential for Psychological
Mediators of the Effect of Hip Exercises?
In addition to improving the force-gen-
erating capacity of muscles, resistance
exercises are associated with psycho-
logical benefits.>'®%64* Individuals with
patellofemoral pain have higher levels
of anxiety, kinesiophobia, and pain ca-
tastrophizing®*?! than individuals who
do not have patellofemoral pain, which
is important for treating patellofemoral
pain.’0262930:3742 Qur mediation analysis
did not detect any mediation of these psy-
chological features. We hypothesized that
exposure to exercise in a safe environ-
ment would influence these characteris-
tics and may explain some of the benefits
of exercise. This was not the case: there
was little impact of hip exercises relative
to the foot orthosis intervention on any of
the psychological characteristics.

Estimates of path B (FIGURE) indicated
that both pain catastrophizing and ki-
nesiophobia at 6 weeks were associated
with outcomes at 12 weeks (TABLE 4). It is
tempting to speculate that interventions
specifically targeting these characteris-
tics may have more potential, but this re-
quires investigation due to the potential
for type I error. Taking a broader perspec-
tive on persistent pain, pain catastrophiz-
ing and kinesiophobia are components
of the fear-avoidance model of persistent
pain,*® and have been implicated in the
causal effects of treatments for persistent
low back pain.?**”

Strengths and Weaknesses

The FOHX trial was designed to eval-
uate hip exercises versus foot orthoses
for patellofemoral pain, with midfoot
width mobility as an effect modifier. The
strengths were that the trial (1) random-
ly assigned participants to interventions,
(2) had high adherence to exercise (and
foot orthoses), and (3) collected the po-
tential mediators at an intermediate time

point before the end point of interest. It
is possible that further changes in the
mediators could have occurred prior to
outcome measurement.

Our mediation analysis is an explor-
atory analysis designed to generate new
hypotheses about mechanisms, and we
were limited by the data collected in the
original trial. We did not assess some of
the other plausible mediators (eg, low-
er-limb kinematics, muscle function
other than strength/force output, pa-
tellofemoral joint stress, pain self-effica-
cy, or psychophysical pain assessment).
Some of the selected measures may not
be ideal for capturing the selected con-
structs (eg, strength was measured iso-
metrically rather than dynamically, and
the psychological questionnaires were
not developed specifically for this pop-
ulation). Thus, we caution against cat-
egorically ruling out hip strength or the
psychological factors that we studied as
potential mechanisms.

Our results are sensitive to the degree
of residual confounding. Better control

PaTtH B: EFFECT OF MEDIATORS ON OUTCOMES,
TABLE 4
FroM LINEAR REGRESSION MODELS?
Outcome/Mediator n° Coefficient® P Value
KOOS pain subscale
HADS anxiety subscale 179 -0.60 (-1.43, 0.23) 16
Pain Catastrophizing Scale 180 -073 (-1.00, -0.46) <01
Tampa Scale of Kinesiophobia 179 -077 (-111,-0.42) <01
Abduction strength? 177 2.71(-7.35,12.77) 60
Adduction strength 177 293 (-6.43,12.29) .54
External rotation strength? 175 270 (-20.15, 25.55) 82
Pain-free squats
HADS anxiety subscale 165 -0.47 (-099, 0.05) 08
Pain Catastrophizing Scale 166 -0.11(-0.29,0.07) 22
Tampa Scale of Kinesiophobia 165 -0.25 (-0.48,-0.02) 03
Abduction strength¢ 167 3.20 (-2.80,9.21) .30
Adduction strength¢ 167 402 (-1.33,9.36) 14
External rotation strength 165 947 (-390, 22.84) 16
Abbreviations: HADS, Hospital Anxiety and Depression Scale; KOOS, Knee injury and Osteoarthritis
Outcome Score.
“Adjusted for baseline levels of the outcome and potential mediator, the stratifying variables of site and
midfoot width mobility, and duration of symptoms.
YThe sample size indicates the number of participants who had complete data for the outcome, media-
tor, and all other variables included in the models.
“Values in parentheses are 95% confidence interval.
4Study knee, normalized.

JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY

VOLUME 51 | NUMBER 12 | DECEMBER 2021 | 607



Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on March 13, 2026. For personal use only. No other uses without permission.

Copyright © 2021 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

for the confounding of the mediator-out-
come relationship might have provided
stronger estimates of indirect effects. For
example, other psychological character-
istics such as self-efficacy or treatment
expectations could be considered as po-
tential unmeasured confounders. We had
a high response rate at follow-ups. How-
ever, given our completed case analysis,
the small amount of missing data could
potentially have influenced the results.
This is the first study to use a mediation
analysis in an attempt to elucidate mech-
anisms of an exercise treatment effect in
patellofemoral pain—there is a need for
a priori studies designed to further eval-
uate potential mechanisms.

CONCLUSION

HE EFFECT OF HIP-STRENGTHENING
exercises compared to that of foot

orthoses on pain or pain-related

RESEARCH REPORT

function in patients with patellofemoral
pain was not mediated by changes in iso-
metric hip strength, pain catastrophizing,
anxiety, or kinesiophobia. ®

IKEY POINTS

FINDINGS: The effect of hip strengthening
on improvements in pain and number
of pain-free squats in patients with pa-
tellofemoral pain was not mediated by
increased hip strength. Psychological
mediators such as kinesiophobia, pain
catastrophizing, and anxiety were not
implicated in the causal pathway.
IMPLICATIONS: Clinicians may wish to
reconsider targeting improvements in
hip strength as the main way to improve
outcomes for patients with patellofem-
oral pain.

CAUTION: This trial was not designed to
evaluate all potential mediators, and we
were limited to the data available. We
did not capture all theoretically plausi-

ble mediators in the domains of strength
and psychological factors.
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TotAaL, DIRECT, AND INDIRECT EFFECT ESTIMATES OF RANDOMIZED TREATMENT

Abduction strength (n = 187)
Adduction strength (n = 187)
External rotation strength (n = 185)
HADS anxiety subscale (n = 189)
PCS (n=189)
TSK (n =189)

Pain-free squats
Abduction strength (n = 188)
Adduction strength (n = 188)
External rotation strength (n = 186)
HADS anxiety subscale (n = 190)
PCS (n=190)
TSK (n=190)

-500(-869,-13) .08
-499(-882,-116) Ol
-492(-88L,-102) 013
-4,07 (-7195,-020) 039
-4.06(-774,-038) 031
-4.49(-833,-064) 022

239(-460,-018) 034
250(-482,-017) 035
266(-501,-030) 027
328(-572,-084) 008
314(-5.39,-090) 006
317(-544,-090) 006

TABLE 5 .
GRroOUP ON THE OUTCOMES, WITH BOOTSTRAPPED STANDARD ERRORS?
Total Effect m Indirect Effect
Outcome/Mediator Effect® P Value Effect® P Value Effect® P Value Proportion of Effect Mediated™
KOOS pain subscale

-489(-858,-120) 009
-487(-871,-103) 013
-4.80(-876,-085) 07
-455(-828,-082) 07
369(721,-017) 040
388(-757-018) 040

226 (-448,-004) 046
233(-466,001) 051
226(-468,016) 067
368(-615,-120) 004
-309(-534,-083) 007
-300(-525,-075) 009

-01(-052, 0.30) 61
-012(-054,030) 57
-01(-111,0.89) 83

048 (-0.42,1.37) 29 NAC
-037 (-1.86, 113) 63
-061(-192,070) 36

-013(-049,023) 48
-017(-054,020) 37
-039(-096,017) 17

0.39(-0.32, 111) 28 NA?
-006(-0.36,025) 72
-017(-064,030) 49

002 (0.01, 007)
0,02 (0.0, 0.08)
002 (001, 0.09)

0,08 (0.04,043)
0.4 (0.07,075)

0,05 (002, 0.28)
0,06 (003, 0.38)
013 (007,073)

0,01 (001, 004)
0,04 (002, 0.15)

symptoms.

anxiety subscale mediator.

"Values in parentheses are 95% confidence interval.

<The proportion of the effect mediated was calculated using the “mediation” Stata package, while the direct and indirect effects are calculated using the
“paramed” command. The supplemental file includes all results from the “mediation” Stata package.
dThe proportion of the effect mediated is only calculated when the total and indirect effects have the same sign. Therefore, this was not calculated for the HADS

Abbreviations: HADS, Hospital Anxiety and Depression Scale; KOOS, Knee injury and Osteoarthritis Outcome Score; NA, not applicable; PCS, Pain Catastro-
phizing Scale; TSK, Tampa Scale of Kinesiophobia.
241l models include the baseline levels of the outcome and potential mediator, the stratifying variables of site and midfoot width mobility, and duration of
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