Journal of Foot and Ankle Research WI L EY

| REVIEW

Physical and Mechanical Therapies for Lower Limb
Problems in Children With Juvenile Idiopathic Arthritis:
A Systematic Review With Meta-Analysis

Antoni Fellas'* @ | Fiona Hawke'? | Mohammed Maarj' | Davinder Singh-Grewal®** | Derek Santos® | Andrea Coda'

!School of Health Sciences, College of Health, Medicine and Wellbeing, The University of Newcastle, Newcastle, Australia | *Equity in Health and Wellbeing
Research Program, Hunter Medical Research Institute (HMRI), Newcastle, Australia | 3Sydney Children's Hospital Network, Westmead, Australia | 4Sydney
Children's Hospital Network, Randwick, Australia | *School of Health Sciences, Queen Margaret University, Edinburgh, UK

Correspondence: Antoni Fellas (antoni.fellas@newcastle.edu.au)
Received: 23 April 2025 | Revised: 29 September 2025 | Accepted: 22 October 2025

Keywords: foot and ankle | juvenile idiopathic arthritis | lower limb

ABSTRACT

Objective: To systematically review the evidence for physical (for e.g. strengthening) and mechanical (for e.g. foot orthoses)
therapies for lower limb problems in children with juvenile idiopathic arthritis (JIA).

Methods: Randomised clinical trials of physical and mechanical interventions for lower limb problems in children with JIA
were included. The primary outcome was pain and secondary outcomes included disability, functional ability, and quality of
life. Electronic databases were searched for eligible studies. Authors of included studies and researchers in the field were
contacted to identify additional studies.

Results: Two authors independently screened 4876 titles and abstracts. Eleven randomised clinical trials were ultimately
included. Four studies explored the effect of foot orthoses and seven physical therapies. Studies evaluating the effect of foot
orthoses on foot and ankle pain were pooled in a meta-analysis. Results showed that foot orthoses were statistically and
clinically significant in reducing both parent (—11.08 [—20.25, —1.90]) and child (—21.45 [-30.18, —12.73]) reported foot and
ankle pain after 3 months compared to the control. This significant effect was sustained post 3 months. Physical therapies such
as Pilates and underwater exercises were statistically and clinically significant in reducing lower limb pain after 3 months of
intervention.

Conclusion: Foot orthoses can be prescribed to significantly reduce foot and ankle pain for children with JIA. Physical
therapies appear to reduce pain during 3 months of intervention versus the control but are currently hampered by lack of
blinding. Further research is also required to determine the effect of physical therapies past 3 months.

1 | Introduction difficulties in attending school [3], and psychological issues [4].

The primary goal in managing JIA is to achieve disease remission
Juvenile idiopathic arthritis (JTA) is the most prevalent rheumatic [5]. Achieving remission depends on various factors, including
disease among children [1]. Despite advancements in medical early diagnosis followed by timely and targeted interventions [5].
treatments, numerous children with JIA face physical challenges The subtype of JIA also influences the likelihood of active syno-
such as decreased participation in physical activities [2], vitis and the overall prognosis [1]. For instance, while lower limb

Abbreviations: CIs, confidence intervals; JIA, juvenile idiopathic arthritis; JRA, juvenile rheumatoid arthritis; PedsQL, Paediatric quality of life inventory; RCTs, randomised clinical trials; VAS,
visual analogue scale.
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pathology is present in approximately 50% of JIA cases, extra-
articular manifestations are notably common in children
with the enthesitis-related subtype [6]. A 5-year prospective
study conducted in 2018 on children with JIA found lower limb
synovitis and walking disabilities were prevalent at initial pre-
sentation [7]. Specifically, knee joint synovitis was observed
in 71% of the cohort, and ankle synovitis in 34% at baseline.
However, after 5 years, around 25% of the participants contin-
ued to experience walking difficulties despite a significant
reduction in clinically assessed lower limb joint disease [7].
Recent studies have also underscored the impact of JIA on gait
characteristics and walking function, even with advancements in
pharmacological care [8-10]. Therefore, incorporating non-
pharmacological therapies could play a crucial role in address-
ing secondary functional issues in children and adolescents with
JIA [11].

In 2017, we published a systematic review with meta-analysis to
evaluate the evidence for physical and mechanical therapies
specifically targeting lower limb issues in children and adoles-
cents with JIA [12]. The search, conducted in 2015, identified
only two randomised clinical trials (RCTs) aimed at reducing
pain and/or improving functional outcomes in the lower limb
[12]. Both studies investigated the effects of custom or customised
foot orthoses on reducing foot and ankle pain in their respective
JIA cohorts [13, 14]. The review found non-statistically signifi-
cant reductions in the primary outcome of pain when data were
combined in a meta-analysis [12]. At the time of the search, no
physical therapy RCTs had explored the effects of reducing
symptoms and improving lower limb function [12], despite non-
pharmacological care, including physiotherapy, occupational
therapy, and podiatry, being recommended for children with JIA
in national guidelines [15-17]. However, many of these recom-
mendations are outdated or limited by low-quality supporting
evidence. Therefore, this systematic review aims to provide an
updated assessment of the effects of physical and/or mechanical
therapies in managing lower limb problems in children and ad-
olescents with JIA.

2 | Methods

The original protocol was published elsewhere [18] and regis-
tered in PROSPERO (https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42023443178).

2.1 | Studies and Participants

All RCTs and quasi-RCTs examining mechanical and physical
interventions for lower-limb issues in JIA were included.
Physical interventions encompassed activities such as stretch-
ing, strengthening, hydrotherapy, and massage. Mechanical
interventions included foot orthoses, footwear, and splints.
Studies focusing on acupuncture, pharmacological, and surgical
therapies were excluded, as were those evaluating interventions
aimed at preventing lower-limb problems in JIA. Eligible studies
included children diagnosed with JIA and experiencing one or
more lower-limb issues. A lower-limb problem was defined as
any pathological condition (e.g., pain, muscle atrophy, flexion

contracture) affecting the lower limb, from the trunk to the
glutaeal region, femoral region, knee, leg, ankle, and foot.
Studies conducted in any setting, such as public and community
health services, private clinics, preschools, and schools, were
included.

2.2 | Outcomes

The primary outcome was any validated quantifiable measure of
pain, such as the Visual Analogue Scale (VAS) or Paediatric
Pain Questionnaire [19]. Secondary outcomes included
disability (e.g., Juvenile Arthritis Foot Disability Index [20]),
functional ability, health-related quality of life (HRQoL) (e.g.,
the Paediatric Quality of Life Inventory [PedsQL] measurement
model) [21], participant satisfaction with the intervention, and
adverse events.

2.3 | Search Strategy

This systematic review updates the search conducted in January
2015 [12]. The MEDLINE search strategy (January 2015 to
February 2025) is detailed in Table 1. This strategy was adapted
for Embase (January 2015 to February 2025), Cochrane Central
Register of Controlled Trials (The Cochrane Library, latest
issue), PubMed (January 2015 to February 2025), and Cumu-
lative Index to Nursing and Allied Health Literature (January
2015 to February 2025). No language or publication restrictions
were applied. Reference lists of all included studies were
reviewed for additional eligible trials. Two reviewers (A.F. and
A.C.) independently screened the titles and abstracts of all
identified studies. Full-text articles of potentially eligible studies
were retrieved by A.F. and independently screened by A.F. and

TABLE 1 | OvidSP MEDLINE search strategy.

1. Randomised controlled trial.pt.
2. Controlled clinical trial.pt.

3. randomised.ab.

4. randomised.ab.

5. placebo.ab.

6. randomly.ab.

7. trial.ab.

8. groups.ab.

9. lor2or3or4or5or6or7or8
10. Exp animals/not humans.sh
11. 9 not 10

12. Juvenile idiopathic arthritis
13. Juvenile chronic arthritis
14. Juvenile rheumatoid arthritis
15. JIA

16. 12 or 13 or 14 or 15

17. 11 and 16

Abbreviations: ab: abstract; JIA: juvenile idiopathic arthritis; pt: publication
type; sh: subject heading.
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A.C. Authorship and results were not masked. Disagreements
regarding full-text inclusion were resolved by a third reviewer
(F.H.). If disagreements persisted, study authors were contacted,
though this was not required.

AF. extracted data from included studies using a standardised
pilot-tested form, and a second author (A.C.) checked all
extracted data. Study authors were contacted for any missing or
unclear information. Inconsistencies in data extraction were
discussed between A.F. and A.C., with arbitration by F.H. if
necessary.

2.4 | Risk of Bias

Risk of bias for each included study was independently assessed
by F.H. and M.M. using criteria from the Cochrane Handbook
for Systematic Reviews of Interventions [22]: (1) sequence
generation; (2) allocation concealment; (3) blinding of partici-
pants, personnel, and outcome assessors; (4) incomplete
outcome data; (5) selective outcome reporting; and (6) other
sources of bias. Each criterion was rated as high, low, or unclear
risk of bias. Disagreements were resolved by discussion between
F.H. and M.M.

2.5 | Statistical Analysis

Group means and standard deviations were analysed in Review
Manager [23] to produce mean differences and 95% confidence
intervals (CIs). Standardised mean difference analyses were
conducted when different measurement scales were used in a
single meta-analysis. We planned to pool different follow-up
periods after adjustment if steady rates of change could be
demonstrated, however, this was not necessary.

2.6 | Assessment of Heterogeneity

Different types of interventions (e.g., foot orthoses vs. splints)
and different types of lower limb problems (e.g., foot pain vs.
gait instability) were analysed separately.

Clinically homogeneous studies in terms of outcomes, partici-
pants, and interventions were pooled in meta-analysis. Intertrial
statistical inconsistency was quantified using 12, calculated as
follows: 12 = 100% [(Q-df)/Q], where Q is Cochran's heteroge-
neity, v2 statistic, and df represents degrees of freedom.
Cochran's Q was obtained by summing the squared deviations
of each trial's estimate from the overall meta-analytic estimate,
with a p value compared to a v2 distribution with k-1 degrees of
freedom (where k is the number of trials). I2 values were
interpreted as follows: 0%-40% might not be important, 30%-
60% may represent moderate heterogeneity, 50%-90% may
represent substantial heterogeneity, and 75%-100% may repre-
sent considerable heterogeneity [22]. A random-effects model
was used to incorporate heterogeneous trials in a meta-analysis
when heterogeneity could not be explained.

2.7 | Data Synthesis

A.F. constructed data analyses in The Cochrane Collaboration's
statistical package Review Manager 5. A.F. then entered the
data, which were checked by A.C. for accuracy.

2.8 | Subgroup Analyses

No subgroup analyses were planned as different types of in-
terventions and different presentations of lower limb problems
were analysed separately in the primary analyses.

2.9 | Sensitivity Analysis

Sensitivity analyses were performed by excluding trials that failed
to blind participants or conceal allocation. If outliers contributed
to heterogeneity and the reason for the discrepancy was evident,
analyses with and without the outlying trials were performed.

3 | Results

3.1 | Studies

Overall, 5937 titles and abstracts were retrieved from the search
in which 1061 were automatically removed as duplicates. 4876
studies were screened independently, and 22 studies were
identified as being potentially eligible. Of the 22 potentially
eligible studies, 11 were excluded: five studies were the wrong
study design [24-28]; two were the wrong intervention [29, 30];
one was not specific to the lower limb [31]; and one was a
protocol paper only [32]. Finally, a further two studies were
excluded as authors confirmed via email they were unable to
provide follow-up data for the trial and control groups [33, 34].

Overall, 11 studies were included in this review [13, 14, 35-43],
one of which was unable to be included in Review Manager 5
statistical analyses as authors of that study did not provide
parametric (mean and standard deviation) data [35]. Figure 1
depicts the PRISMA flow diagram. Four studies explored the
effect of custom or customised foot orthoses [13, 14, 39, 42]; three
studies tested different exercises programs including Pilates,
balance-proprioceptive and core stability [35, 38, 40]; two studies
explored the effect of a water-based intervention [37, 41]; one
study explored the effect of electromyographic biofeedback
training [36]; and one accommodating variable resistance
training [43].

3.2 | Participants

A total of 510 participants across 11 studies were included in this
review. Ten of the eleven studies included participants diagnosed
using the International League of Associations for Rheumatology
[44] classification system [13, 14, 35, 37-43]. One study included
participants diagnosed as having juvenile rheumatoid arthritis
(JRA) using the American College of Rheumatology criteria [36].
The age range of participants were 5-19 years old. Overall, the
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FIGURE 1 | PRISMA flow diagram generated from Covidence software.

studies included a total of 170 boys and 340 girls. One study did
not include gender data [37]. Of the 510 participants diagnosed as
having JIA or JRA, 32 had enthesitis-related, 347 had poly-
articular, 106 had oligoarticular, 14 had systemic, 9 had psoriatic
arthritis and 2 with undifferentiated. There was a high proportion
of participants with the polyarticular subtypes (rheumatoid fac-
tor positive and negative) due to six of the 11 studies only
recruited participants with this subtype [36-38, 40, 41, 43].
Table 2 tabulates the characteristics of all included studies.

3.3 | Lower Limb Problems

Four studies required participants to exhibit at least foot and/or
ankle pain on recruitment [13, 14, 39, 42]. Four studies recruited

participants who had either unilateral or bilateral knee
involvement which included inflammation, pain, joint restric-
tion or quadricep muscle weakness [35-37, 41]. Lastly, two
more studies specified participants were recruited if they
exhibited involvement in any lower limb joint [38, 40].

3.4 | Setting

All studies recruited participants from pediatric rheumatology
hospital outpatient services. Five of the 10 included studies were
multicentre [13, 14, 39, 41, 42] with the remaining studies
recruiting participants from a single outpatient clinic [35-38, 40].
The geographical locations of clinics included: United States of
America, United Kingdom, Turkey, Saudi Arabia and Australia.
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PedsQL: Paediatric quality of life inventory; VAS: visual analogue scale.

3.5 | Types of Physical and Mechanical Therapies
3.51 | Mechanical Therapies

3.5.1.1 | Foot Orthoses. Four studies explored the effect of
a mechanical therapy [13, 14, 39, 42]. These studies explored the
effect of either custom [14] or customised prefabricated [13, 39,
42] foot orthoses. Custom foot orthoses are devices that are
manufactured (typically by an orthoses laboratory) based on an
impression of the patient's feet. Impressions can be attained by
plaster casting, foam box impression or digital scanning (typically
captured with a phone, tablet or 3D Scanner). Customised pre-
fabricated foot orthoses are devices that are already premade in
different sizes. These can be available in full or half length, which
are then customised by the clinician based on the biomechanical
needs of the patient. The intention of these devices is to provide a
combination of biomechanical correction, pressure redistribution
or offloading and provide better shock absorption in the feet [45].
The custom foot orthoses in Powell et al. (2005) were made from
semi-rigid material (metal particle-reinforced polyolefin) and
casts of participants in the intervention group were taken when
the sub-talar joint was in a neutral position [14]. Coda et al.
(2014), Fellas et al. (2021) and Fellas et al. (2022) used
customised prefabricated foot orthoses to achieve mechanical
support for their respective intervention groups [13, 39, 42].
Customised prefabricated foot orthoses were produced based on
a pre-made generic full-length device which were then
customised chair-side based on participants biomechanical
needs and foot complaints. Customisations may include but
limited to adding additional midfoot arch support, deflections
off painful and/or swollen plantar joints such as the
metatarsophalangeal joints or increasing rearfoot posting or
correction (for e.g. rearfoot varus wedge to reduce excessive
rearfoot pronation). Powell et al. (2005) also included a third
arm in their study which included a group that were allocated a
prefabricated flat device made from neoprene that were not
modified.

3.5.2 | Physical Therapies

Seven studies explored the effect of a physical therapy [35-38,
40, 41, 43].

3.5.2.1 | Proprioceptive-Balance Training. The first
study explored the effect of a proprioceptive-balance exercise
program [35]. Participants in this exploratory group received
three supervised sessions a week for 12 weeks which included
exercises to improve lower limb strength and balance. These
exercises included: stepping back and tandem walking (25m);
standing on one foot; knee flexion-extension on one leg;
forward, sideways and backward bending on one leg with eyes
open and closed; balance board and mini trampoline exercises
[35]. The exploratory group also received bicycle, stretching
and strengthening exercises that the control group received.

3.5.2.2 | Underwater Resistance Training and
Interferential Current Therapy (IFC). Elnaggar et al.
(2016) explored the effect of a combined therapy approach of
underwater resistance exercise program and IFC [37]. After a 5-
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min warm-up participants in the exploratory group completed
20 min of resistive underwater exercises for the knee joint
(flexion and extension). Once cooled down they then received
15 min of IFC to the knee joint. The knee joints were allocated
an amplitude modulated constant frequency of 100 Hz and a
pulse duration of 125 usecs using the using Endomed 682
Platinum Interferential Modular (Enraf-Nonius, Netherlands).
This program was conducted over a 3-month period, however,
authors did not specific the frequency of these sessions in their
published paper [37].

3.5.2.3 | Electromyographic (EMG) Biofeedback Tra-
ining. Eid et al. (2016) evaluated the use of EMG biofeedback
training on the quadricep muscles [36]. Both groups in this study
received a standardised exercise program for the quadricep
muscles, while the exploratory group also received a 12-week,
3 days a week for 15 min each of EMG biofeedback-guided
isometric exercises. Isometric exercises were used as authors
did not want to exacerbate any acutely inflamed joints. The
Myomed 932 (Enraf Nonius, Rotterdam, The Netherlands)
which is a 2-channel EMG machine with full screen displaying
the EMG signal with a curve obtained for both vastus medialis
oblique, and rectus femoris was used in this study [36]. Specific
details of the electrode placement and procedure are well
documented in the original published manuscript [36].

3.5.2.4 | Core Stability Exercises. Flnaggar et al. (2021)
explored the use of core stability exercises. During the 3-month
observational period, participants in both groups received a
conventional physical therapy program three times a week for
30 min per session. This program included general active range
of motion exercises, stretching exercises, isometric training
and other various activities such as treadmill or bicycle. For
those only randomised to the intervention group, participants
received the core stability exercise program which included
eight different core exercises. The core stability program took
45 min to complete and was performed three times per week
for 3 months. Each exercise had 10 or 20 repetitions, depending
on if it was conducted per side of the body or in general.
Intervals of rest were provided between exercises based on the
child's needs and all exercises were performed on an exercise
mat on the floor. The full text publication details each exercise
and how they were performed [38].

3.5.2.5 | Aqua-Plyometric Exercises. Elnaggar et al.
(2022) explored the effect of an aquatic-based exercise program
over a 12-week observation period. Participants randomised to
the exploratory group conducted this program twice weekly
with each session taking around 45 min [41]. The training
program was conducted in a waist-deep pool and adopted a
gradual increase approach with respect to training load. The
session was divided into 3 stages and supervised by the same
research therapist: (1) Warm-up (10 min) including slow
jogging in the water; (2) main workout (25-30 min) including
10 different aqua-plyometric exercises, all of which focused on
lower limb joints and involved single and double leg hops
and jumps (full program is provided by the authors as a
supplementary file); (3) cooldown (5 min of gentle walking).

3.5.2.6 | Pilates. One study explored the effect of a Pilates
exercise program [40]. The Pilates program was conducted over a

3-month period and was completed 3 times per week for
25 min each session. The session was supervised by a pediatric
physical therapist and included the following exercises:
hundred exercise, one leg stretch, hip twist, knee stretches, arm
openings, plank, standing footwork, squat, swimming with
stabilisation ball and wall squat rolls. Each exercise is detailed
in the full text publication. The general prescription was that
each exercise consisted of 5 repetitions with 3 sets each [40].

3.5.2.7 | Accommodating Variable-Resistance Training.
FElnaggar et al. [43] tested the effect of accommodating
variable-resistance training versus standard exercise program.
The variable-resistance program was designed to strengthen
the extensors of the knee and was completed by participants
three times per week for 6 weeks. The workout required
participants to complete three sets of 5-10 repetitions of
maximum-effort concentric actions at three variable angular
speeds (240, 180 and 120°). An interval rest of 2-3 min was
allowed between each set.

3.5.2.8 | Risk of Bias. Table 3 outlines the results of the
risk of bias assessment of all included studies. Almost all
studies were able to report a sequence generation; however,
allocation concealment was unclear for at least half of the
included RCTs. Blinding of participants, personnel and
outcome assessors was unsuccessful for almost all the
included studies which is a consistent and well reported issue
with non-pharmacological based RCTs [46].

3.6 | Outcomes
The outcomes from each study have been summarised as part of
Table 2.

3.7 | Comparisons

3.7.1 | Physical Therapies

The following exploratory group interventions were compared
to standard physical therapy alone: electromyographic biofeed-
back training and standard physical therapy [36]; resistive un-
derwater and interferential current exercise training [37]; core
stability exercises and standard physical therapy [38]; Pilates
and standard physical therapy [40]; aqua plyometric exercises
[41]; and accommodating variable-resistance training [43].

3.7.2 | Mechanical Therapies

Three of the four studies exploring the effect of a mechanical
intervention were two-armed clinical trials in which they
compared customised prefabricated foot orthoses to sham foot
orthoses [13, 39, 42]. The sham orthoses were flat insoles without
any corrective modifications. The fourth study was three-armed
in which authors compared custom-made foot orthoses to a
group receiving flat neoprene inserts to another group receiving
new athletics shoes alone. It is worth noting that the custom foot
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TABLE 3 | Risk of bias.

Blinding

Sequence Allocation Blinding of of

generation concealment participants personnel

Other
sources of
bias

Selective
outcome
reporting

Blinding of
outcome
assessors

Incomplete
data
outcome

Powel
et al.
(2005)

Coda et al.
(2014)
Baydogan
et al.
(2015)*

Eid et al.
(2016)

Elnaggar
et al.
(2016)

Elnaggar
et al.
(2021)

Fellas
et al.
(2021)

Fellas
et al.
(2022)

Elnaggar
et al.
(2022)

Azab et al.
(2022)

Elnaggar
et al.
(2024)

=

o

© © © 00 00
o

o

)

00 0 © © 0 00 00O

N+

=

00 0 0 0 0 00 0O

+ -+

o

©0 00C 000 g0 O
© 0 00 0O
©0 © © ©

o

*Research therapists were blinded however participants were not.

orthoses and neoprene inserts groups also received new athletic
shoes [14].

3.8 | Data and Analysis

Baydogan et al. (2015) did not provide means and standard de-
viations of outcome data and subsequently were unable to be
included in statistical analysis [35]. All statistical analyses con-
ducted for all single comparisons are presented in Table 4
(physical therapies) and Table 5 (mechanical therapies).
Figures 2-10 present forest plot graphs for all the meta-analyses
performed.

4 | Discussion

In this review a total of 452 participants with JIA were included
and 67.7% of them were female. Ten interventions (six physical
and four mechanical) were examined for their efficacy on lower

limb problems with the most common clinical problem being
pain. These clinical trials were conducted across five countries
including Saudi Arabia, Australia, Turkey, The United States of
America and The United Kingdom.

4.1 | Physical Therapies

The original version of this systematic review was conducted and
completed in 2015 [12]. In the 2015 publication, no RCT evaluated
physical therapy, however, since 2015, six RCTs have explored the
effect of physical therapies on lower limb problems in children
with JIA. Below each physical therapy will be discussed on its
efficacy compared to the control for the outcomes of interest.

4.1.1 | Electromyographic Biofeedback Training

Electromyographic (EMG) biofeedback training when combined
with standard physical therapy versus standard physical therapy
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TABLE 5 |

Statistical analysis and data for all standalone comparisons for mechanical therapy studies.

Outcome and

Effect estimate mean

follow-up period Study Group No. Mean + SD Group No. Mean + SD difference (95%)
Pain (VAS) child Powell = Neoprene 12 284 + 288 Shoes 13 282 +20.1 0.20 [-19.42 to 19.82]
3 Month 2005 inserts and

shoes
Pain (VAS) child  Powell Custom 15 13.2 £13 Neoprene 12 28.4 +28.8 —15.20 [-32.77 to 2.37]
3 Month 2005  orthoses and inserts and

shoes shoes
FFI Act limitation Powell Custom 15 8.54 + 11.06 Shoes 13 27.92 + 27.89 —19.38 [-35.54
3 Month 2005  orthoses and to —3.22]

shoes
FFI foot pain Powell Custom 15 18.35 £17.05 Shoes 13 37.54 £ 2547 —19.19 [-35.50
3 Month 2005  orthoses and to —2.88]

shoes
FFI disability Powell Custom 15 15.6 £ 13.51 Shoes 13 3415 £ 26.35 —18.55 [-34.42
3 Month 2005  orthoses and to —2.68]

shoes
FFI Act limitation Powell = Neoprene 12 19.96 + 19.73 Shoes 13 27.92 £+ 27.89 —7.96 [-26.79 to 10.87]
3 Month 2005 inserts and

shoes
FFI foot pain Powell  Neoprene 12 30.46 + 25.56 Shoes 13 37.54 + 2547 -7.08 [-27.10 to 12.94]
3 Month 2005 inserts and

shoes
FFI disability Powell = Neoprene 12 29.98 + 25.26 Shoes 13 34.15 + 26.35 —4.17 [-24.40 to 16.06]
3 Month 2005 inserts and

shoes
FFI Act limitation Powell Custom 15 8.54 + 11.06 Neoprene 12 19.96 + 19.73 —11.42 [-23.91 to 1.07]
3 Month 2005  orthoses and inserts and

shoes shoes
FFI foot pain Powell Custom 15 18.35 + 17.05 Neoprene 12 30.46 + 25.56 —12.11 [-28.95 to 4.73]
3 Month 2005  orthoses and inserts and

shoes shoes
FFI disability Powell Custom 15 15.6 £ 13.51 Neoprene 12 29.98 + 25.26 —14.38 [-30.22 to 1.46]
3 Month 2005  orthoses and inserts and

shoes shoes
Timed walking Powell Custom 15 7.03 £1.12 Shoes 13 8.36 £ 244 —1.33 [-2.77 to 0.11]
3 Month 2005  orthoses and

shoes
Timed walking Powell  Neoprene 12 7.98 + 1.3 Shoes 13 836+ 244 —0.38 [-1.90 to 1.14]
3 Month 2005 inserts and

shoes
Timed walking Powell Custom 15  7.03 +1.12 Neoprene 12 7.98 + 1.3 —0.95 [-1.88 to —0.02]
3 Month 2005  orthoses and inserts and

shoes shoes
PedsQL (G-PF) Powell  Neoprene 10 55.94 + 17.46 Shoes 12 59.78 £+ 18.8 —3.84 [-19.01 to 11.33]
child 3 Month 2005 inserts and

shoes
PedsQL (G-PF) Powell  Neoprene 10  55.31 + 15.8 Shoes 12 5595+ 13.97 —0.64 [-13.22 to 11.94]
parent 3 Month 2005 inserts and

shoes
PedsQL (G-PF) Powell Custom 13 71.88 + 15.88 Neoprene 10 5594 £+ 17.46  15.94 [2.10 to 29.78]
child 3 Month 2005  orthoses and inserts and

shoes shoes

(Continues)
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TABLE 5 |

(Continued)

Outcome and

Effect estimate mean

follow-up period Study Group No. Mean + SD Group No. Mean + SD difference (95%)
PedsQL (G-PF) Powell Custom 14  64.96 + 19.92 Neoprene 10 55.31 +£15.8  9.65 [-4.09 to 23.39]
parent 3 Month 2005  orthoses and inserts and
shoes shoes
PedsQL generic Coda  Customised 31 81.69 + 11.89 Sham insoles 29 78.79 4 21.59  2.90 [—6.00 to 11.80]
child 3 Month 2014 orthoses
PedsQL generic Coda  Customised 31 78.12 4+ 15.66 Sham insoles 29 7892 4+ 22.2 —0.80 [-10.58 to 8.98]
parent 3 Month 2014 orthoses
PedsQL generic Coda  Customised 31 85.22 + 12.66 Sham insoles 28 81.26 4+ 20.03 3.96 [—4.69 to 12.61]
child 6 Month 2014 orthoses
PedsQL generic Coda  Customised 31 81.51 £ 13.61 Sham insoles 28 78.48 4 21.84 3.03 [—6.37 to 12.43]
parent 6 Month 2014 orthoses
Pain (VAS) child  Fellas Customised 32 26.81 =23.11 Sham insoles 30 40.97 &+ 28.82 —14.16 [-27.22, —1.10]
4 Week 2021 orthoses
Pain (VAS) child  Fellas Customised 32 21.77 +21.41 Sham insoles 29 29.45 + 2333  —-7.68 [—18.96, 3.60]
6 Month 2021 orthoses
Pain (VAS) child  Fellas Customised 29 29.11 4+ 28.30 Sham insoles 27 37 + 27.44 —7.89 [-22.49, 6.71]
12 Month 2021 orthoses
Pain (VAS) parent Fellas Customised 32 25.27 +21.70 Sham insoles 30 33.93 £+ 25.76  —8.66 [—20.56, 3.24]
4 Week 2021 orthoses
Pain (VAS) parent Fellas Customised 29 25.11 4+ 28.50 Sham insoles 27 28.52 + 2543 —3.41 [-17.54, 10.72]
12 Month 2021 orthoses
PedsQL (RS) child Fellas Customised 29 71.76 & 16.94 Sham insoles 27 69.89 + 19.55 1.87 [-7.74, 11.48]
12 Month 2021 orthoses
PedsQL (RS) Fellas Customised 29 69.32 4+ 18.71 Sham insoles 27 72.77 £17.93  —3.45[-13.05, 6.15]
parent 12 Month 2021 orthoses
JAFL-impairment  Fellas Customised 32 9.87 £ 5.38 Sham insoles 29  13.73 + 8.09 —3.86 [—7.34, —0.38]
3 Month 2021 orthoses
JAFl-impairment  Fellas Customised 32 9.23 £+ 6.28 Sham insoles 29  12.52 + 6.29 —3.29 [-3.29, —0.13]
6 Month 2021 orthoses
JAFI-impairment  Fellas Customised 29 11.96 & 7.21  Sham insoles 27 11.64 + 7.42 0.32 [-3.52, 4.16]
12 Month 2021 orthoses
JAFI-Act limit Fellas  Customised 32 8.77 £ 8.97 Sham insoles 29 13.73 +10.31 —4.96 [-9.83, —0.09]
3 Month 2021 orthoses
JAFI-Act limit Fellas  Customised 32 7.71 £ 6.86 Sham insoles 29  12.62 + 8.37 —4.91 [-8.77, —1.05]
6 Month 2021 orthoses
JAFI-Act limit Fellas Customised 29 10.81 £ 9.54 Sham insoles 27 12.46 + 10.46 —1.65 [-6.91, 3.61]
12 Month 2021 orthoses
JAFI-participation Fellas  Customised 32  3.42 £ 2.90 Sham insoles 29 523 £ 4.14 —1.81 [-3.62, 0.00]
3 Month 2021 orthoses
JAFI-participation Fellas  Customised 32  3.19 + 2.43 Sham insoles 29  4.17 £ 3.00 —0.98 [-2.36, 0.40]
6 Month 2021 orthoses
JAFI-participation Fellas  Customised 29  4.11 + 3.73 Sham insoles 27  5.25 + 3.47 —1.14 [-3.03, 0.75]
12 Month 2021 orthoses
Swollen joints Fellas  Customised 32  0.47 4+ 0.98 Sham insoles 29 1.07 £ 1.69 —0.60 [-1.30, 0.10]
6 Month 2021 orthoses
Tender joints Fellas Customised 32  1.19 4+ 2.43 Sham insoles 29  2.41 + 2.63 —1.22 [-2.49, 0.05]
6 Month 2021 orthoses
(Continues)
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TABLE 5 | (Continued)

Outcome and

Effect estimate mean

follow-up period Study Group No. Mean + SD Group No. Mean + SD difference (95%)

Cadence 3 Month  Fellas Customised 32 120.88 £ 21.06 Sham insoles 29 124.65 4 23.59 —3.77 [-15.04, 7.5]
2022 orthoses

Cadence 6 Month  Fellas  Customised 32 115.66 £ 21.98 Sham insoles 29 120.28 +21.6 —4.62 [-15.57, 6.33]
2022 orthoses

Stance time Fellas  Customised 32 1.25 + 0.23 Sham insoles 29 1.21 + 0.26 0.04 [—0.08, 0.16]

3 Month 2022 orthoses

Stance time Fellas  Customised 32  1.26 4+ 0.26 Sham insoles 29 1.22 + 0.28 0.04 [-0.10, 0.18]

6 Month 2022 orthoses

Swing time Fellas Customised 32  0.82 + 0.13 Sham insoles 29  0.81 £ 0.14 0.02 [—0.05, 0.09]

3 Month 2022 orthoses

Swing time Fellas Customised 32  0.85 + 0.16 Sham insoles 29  0.85 + 0.13 0 [-0.07, 0.07]

6 Month 2022 orthoses

Abbreviations: FFI: Foot Function Index; G-PF: Generic—physical functioning; JAFIL: Juvenile Arthritis Foot and Ankle Disability Index; PedsQL: Paediatric quality of
life inventory; RS: rheumatology score; SD: standard deviation; VAS: Visual Analogue Scale.

Foot Orthoses Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fellas 2021 16.87 14.78 32 44 29.71 29 53.2% -27.13[-39.09, -15.17] ——
Powell 13.2 13 15 282 201 13 46.8% -15.00[-27.75, -2.25] ——
Total (95% CI) 47 42 100.0% -21.45[-30.18, -12.73] <o
o (RiZ = - - 12 = 469 } t t +
Heterogeneity: Chi? = 1.85, df =1 (P = 0.17); I = 46% 100 50 0 50 100

Test for overall effect: Z = 4.82 (P < 0.00001)

Favours Foot Orthoses Favours Control

FIGURE 2 | Meta-analysis of the effectiveness of custom/customized foot orthoses versus a control (sham orthoses or supportive footwear alone)
in treating child-reported foot and ankle pain after 3 months in children with juvenile idiopathic arthritis. CI, confidence interval; IV, inverse
variance.
Foot Orthoses Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fellas 2021 2261 2216 32 4231 2932 29 48.7% -19.70[-32.85,-6.55] ——
Coda 1645 2221 31 1933 27.9 29 51.3% -2.88[-15.70,9.94]
Total (95% Cl) 63 58 100.0% -11.08 [-20.25, -1.90] L 4
ity: Chiz = —1(P= 2= 699 t + t + +
?ete;ogeneltyl.l C;I 322_22(1;7 ;(_PO 002.07), 12=69% 100 50 0 50 100
est for overall effect: Z = 2.37 (P = 0.02) Favours Foot Orthoses  Favours Control
FIGURE 3 | Meta-analysis of the effectiveness of customised prefabricated foot orthoses versus a control (sham orthoses) in treating parent-

reported foot and ankle pain after 3 months in children with juvenile idiopathic arthritis. CI, confidence interval; IV, inverse variance.

Orthoses Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Coda 11.38 15.37 31 2197 27.59 29 47.1% -10.59 [-22.00, 0.82]
Fellas 2021 252 22.34 32 28.52 20.52 29 529% -3.32[-14.08, 7.44]
Total (95% CI) 63 58 100.0% -6.74[-14.57,1.08]

Heterogeneity: Chi? = 0.83, df = 1 (P = 0.36); I>=0%
Test for overall effect: Z = 1.69 (P = 0.09)

100 0 50 100

-50 0
Favours [orthoses] Favours [control]

FIGURE 4 | Meta-analysis of the effectiveness of customised prefabricated foot orthoses versus a control (sham orthoses) in treating parent-
reported foot and ankle pain after 6 months in children with juvenile idiopathic arthritis. CI, confidence interval; IV, inverse variance.
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Foot Orthoses Control Mean Difference

Mean Difference

Study or Subgroup  Mean SD_Total Mean SD_Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Coda 80.58 13.83 31 74.66 22.41 29 40.7% 5.92[-3.58, 15.42] T
Fellas 2021 73.94 12.19 32 67.42 18.27 29 59.3% 6.52[-1.36, 14.40] L
Total (95% CI) 63 58 100.0% 6.28 [0.21, 12.34] &
v Chi2 = - = S 12 = 0Y ; + + J
Heterogeneity: Chi?=0.01, df =1 (P = 0.92); 1= 0% 7100 50 0 50 100

Test for overall effect: Z = 2.03 (P = 0.04) Favours Control

FIGURE 5 |

Favours Foot Orthoses

Meta-analysis of the effectiveness of customised prefabricated foot orthoses versus a control (sham orthoses) in improving health-

related quality of life after 3 months in children with juvenile idiopathic arthritis. This figure represents the child-reported scores of the

Paediatric Rheumatology, Paediatric Quality of Life Inventory. CI, confidence interval; IV, inverse variance.

Foot Orthoses Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Coda 85.73 12.26 31 77.48 21.22 29 46.7% 8.25[-0.60, 17.10]
Fellas 2021 73.26 14.8 32 71.54 17.85 29 53.3% 1.72[-6.56, 10.00]
Total (95% CI) 63 58 100.0%

4.77 [1.28, 10.81]

Heterogeneity: Chi* = 1.12, df = 1 (P = 0.29); I = 10% _5'0
Test for overall effect: Z=1.55 (P = 0.12) Favours Control

100

0 50 100
Favours Foot Orthoses

FIGURE 6 | Meta-analysis of the effectiveness of customised prefabricated foot orthoses versus a control (sham orthoses) in improving health-

related quality of life after 6 months in children with juvenile idiopathic arthritis. This figure represents the child-reported scores of the

Paediatric Rheumatology, Paediatric Quality of Life Inventory. CI, confidence interval; IV, inverse variance.

Foot Orthoses Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Coda 76.37 17.27 31 75.77 2272 29 43.6% 0.60[-9.66, 10.86]
Fellas 2021 72.05 14.41 32 66.94 20.63 29 56.4% 5.11[-3.91,14.13]
Total (95% CI) 63 58 100.0% 3.15[-3.63, 9.92]

Heterogeneity: Chi> = 0.42, df = 1 (P = 0.52); I = 0%

Test for overall effect: Z = 0.91 (P = 0.36) -100 -50

Favours Control

0 50 100
Favours Foot Orthoses

FIGURE 7 | Meta-analysis of the effectiveness of customised prefabricated foot orthoses versus a control (sham orthoses) in improving health-
related quality of life after 3 months in children with juvenile idiopathic arthritis. This figure represents the parent-reported scores of the

Paediatric Rheumatology, Paediatric Quality of Life Inventory. CI, confidence interval; IV, inverse variance.

Foot Orthoses Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Coda 80.14 15.35 31 76.7 23.36 29 43.9% 3.44[-6.63, 13.51]
Fellas 2021 69.73 17.36 32 71.28 18.09 29 56.1% -1.55[-10.47,7.37]
Total (95% Cl) 63 58 100.0% 0.64 [-6.03, 7.32]

Heterogeneity: Chi? = 0.53, df = 1 (P = 0.47); I?= 0%

Test for overall effect: Z = 0.19 (P = 0.85) -100 -50

Favours Control

0 50 100

Favours Foot Orthoses

FIGURE 8 | Meta-analysis of the effectiveness of customised prefabricated foot orthoses versus a control (sham orthoses) in improving health-

related quality of life after 6 months in children with juvenile idiopathic arthritis. This figure represents the parent-reported scores of the

Paediatric Rheumatology, Paediatric Quality of Life Inventory. CI, confidence interval; IV, inverse variance.

Foot Orthoses Control Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Coda 76.01 19.41 31 7877 21.41 29 61.5% -2.76 [-13.12, 7.60]
Powell 64.96 19.92 14 5595 13.97 12 38.5% 9.01[-4.08,22.10]
Total (95% Cl) 45 41 100.0%

1.77 [-6.35, 9.90]

Heterogeneity: Chi? = 1.91, df =1 (P = 0.17); I = 48% 50
Test for overall effect: Z = 0.43 (P = 0.67) Favours Control

100

FIGURE 9 |

0 50 100
Favours Foot Orthoses

Meta-analysis of the effectiveness of custom/customised prefabricated foot orthoses versus a control (sham orthoses) in improving

health-related quality of life after 3 months in children with juvenile idiopathic arthritis. This figure represents the child-reported scores of the

Physical functioning subscale Generic Module, Paediatric Quality of Life Inventory. CI, confidence interval; IV, inverse variance.

14 of 20

Journal of Foot and Ankle Research, 2025



Foot Orthoses Control

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Coda 78.73 17.63 31 7843 21.41 29 654% 0.30[-9.66, 10.26]

Powell 71.88 15.88 13 59.78 18.8 12 34.6% 12.10[-1.60, 25.80]

Total (95% Cl) 44 41 100.0%

Heterogeneity: Chiz = 1.86, df = 1 (P = 0.17); 1> = 46%
Test for overall effect: Z = 1.07 (P = 0.29)

FIGURE 10 |

4.38 [-3.68, 12.44]

~100 -50 0 50 100
Favours Control Favours Foot Orthoses

Meta-analysis of the effectiveness of custom/customised prefabricated foot orthoses versus a control (sham orthoses) in improving

health-related quality of life after 3 months in children with juvenile idiopathic arthritis. This figure represents the parent-reported scores of the

Physical functioning subscale Generic Module, Paediatric Quality of Life Inventory. CI, confidence interval; IV, inverse variance.

alone was not statistically significant in the reduction of lower
limb pain after 6 weeks (—0.06 [-0.57, 0.45]).

4.1.2 | Resistive Underwater Exercises and
Interferential Current Therapy

Resistive underwater exercises and interferential current therapy
versus standard therapy alone was statistically significant in
reducing lower limb pain after one (—0.80 [-1.41, —0.19]) and
3 months (-3.2 [-4.35, —2.05]). The recommended minimal
important clinical difference for pain in children with JIA is
approximately 8 mm [47]. Therefore, both one- and 3-month
follow-ups were clinically significant in favour of the trial group
with a much greater clinical effect seen after 3 months.

4.1.3 | Core Stability Exercises

Elnaggar et al. (2021) used the six-minute walk test to assess the
effect of core stability exercises have on functional capacity. The
baseline scores of this outcome were significantly different and
therefore authors were requested to provide individual partici-
pant data so means and standard deviations of change in
baseline to follow-up scores could be calculated. The change
from baseline analysis showed that core stability exercises with
standard physical therapy was statistically more significant
(59.05 [38.24 to 79.86]) than standard physical therapy alone in
the improvement of functional capacity in children with poly-
articular JIA after 3 months of intervention. This effect fell just
short of clinical significance according to the recommended
minimal important clinical difference of 65.1 for the six-minute
walk test in children with JIA [48].

4.1.4 | Pilates

Pilates combined with standard physical therapy versus stan-
dard physical therapy alone was statistically and clinically sig-
nificant in the reduction of pain after 3 months follow-up (-1.37
[-2.10, —0.64]). Functional ability (—0.34 [-0.59, —0.09]) and
quality of life (5.43 [1.92, 8.94]) assessed by the Childhood
Health Assessment Questionnaire (CHAQ) and PedsQL
respectively were both statistically and clinically significant in
favour of Pilates group. The minimal important clinical differ-
ence for CHAQ in children with JIA is a change in score of 0.13
with a lower score more desirable outcome [49] and PedsQL a
change of 5 between follow-ups with a higher score a more
desirable outcome [21].

4.1.5 | Aqua Plyometric Exercise Program

Functional capacity was measured using the 6-min walk test.
An aqua plyometric exercise program versus standard physical
was not statistically significant in improving functional capacity
(40.63 [—4.29, 85.55]) after 12 weeks of intervention.

4.1.6 | Proprioceptive and Balance Exercise Program
Statistical analysis was unable to be conducted for this inter-
vention as authors of the study did not provide means and
standard deviations for the outcomes of interest. Authors re-
ported data as not normally distributed and used non-
parametric analyses. After 12 weeks of intervention authors
reported no statistically significant reductions in pain between
groups when assessed at rest but pain was significantly reduced
both statistically and clinically when assessed after exercise in
favour of the proprioceptive and balance exercise program
group. Other relevant outcomes that were statistically signifi-
cant in favour of the trial group were the 10-m walk test
(p = 0.016) and 10-stair climbing test (p = 0.011), however it is
unclear if these values are clinically significant. Lastly, the
CHAQ was used to measure functional ability which was not
statistically or clinically significant after 12 weeks of observation
(p = 0.708).

41.7 |
Program

Accommodating Variable-Resistance Training

Functional capacity was measured using the 6-min walk test,
shuttle run test and timed up and down stairs test. After 6 weeks
of intervention, participants who completed the accommodating
variable-resistance training program displayed statistically sig-
nificant improvements versus the control in all three measures
of functional capacity (6-min walk test, 44.20 [4.78, 83.62];
shuttle run, —1.66 [—2.60, —0.72], timed up and down stairs,
—2.83 [—4.80, —0.86]). The clinical implications of these results
are unclear.

4.2 | Mechanical Therapies

Foot orthoses, custom or customised, remain the only type of
mechanical therapy explored in RCTs to mitigate lower limb
problems in children with JIA. Below the outcomes assessed in
these clinical trials have been subdivided and discussed.
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4.2.1 | Custom/Customised Foot Orthoses

4.2.1.1 | Pain. Powell et al. (2005), Coda et al. (2014) and
Fellas et al. (2021) explored foot and ankle pain as the primary
outcome in their respective studies. Pain was child-reported
only in Powell et al. (2005), parent-reported only in Coda
et al. (2014) and Fellas et al. (2021) collected both child and
parent reported pain outcomes. Therefore, a meta-analysis of
child-reported pain at 3 months post intervention was
conducted between Fellas et al. (2021) and Powell et al.
(2005), then meta-analyses of parent-reported pain at 3 and
6 months between Fellas et al. (2021) and Coda et al. (2014).
Results of the meta-analyses showed that after 3 months of
intervention, custom or customised foot orthoses were
statistically and clinically more significant in the reduction of
foot and ankle pain verses the control in children with JIA.
This was for both child (-21.45 [-30.18 to —12.73]) and
parent (—11.08 [—20.25 to —1.90]) reported pain. This effect
was not extended to the meta-analysis at 6 months (—6.74
[-14.57 to 1.08], however, analysis indicated a strong trend in
favour of customised foot orthoses.

Single study analysis for child-reported pain showed that cus-
tomised foot orthoses were statistically and clinically more
effective in reducing pain vs. a sham device at 4-week (—14.16
[—27.22 to —1.10]); however, customised were not more effective
than the control when pain was assessed at 6 (—7.68 [—18.96 to
3.60]) and 12 months (—7.89 [—22.49 to 6.71]) post intervention.
Lastly, parent-reported pain was not statistically significant at 4-
week (—8.66 [—20.56 to 3.24]) and 12 months (—8.66 [—20.56 to
3.24]) post intervention when comparing customised foot or-
thoses to a sham device.

4.21.2 | Quality of Life. Powell et al. (2005), Coda et al.
(2014) and Fellas et al. (2021) used the PedsQL to assess the
impact of foot orthoses on quality of life. Powell et al. (2005)
only used the physical functioning subscale of the PedsQL
Generic Module, while Coda et al. (2014) assessed quality of life
with both the Generic and rheumatology modules but only
published the rheumatology module [13]. Fellas et al. (2021)
used only the PedsQL rheumatology module in their study.

Meta-analyses of the physical functioning scale of the Generic
PedsQL module at 3 months for both child (1.77 [—-6.35 to 9.90])
and parent (4.38 [—3.68, 12.44]) reports were not statistically
significant in favour of the trial group. Meta-analysis of the
child-reported pediatric rheumatology PedsQL module between
Coda et al. (2014) and Fellas et al. (2021) showed that custom-
ised prefabricated foot orthoses were statistically significant
(6.28 [0.21 to 12.34]) in improving quality of life 3 months post
intervention versus sham orthoses. This was also clinically sig-
nificant as the average mean difference was above 5 which is the
recommended minimal important clinical difference between
intervals for the PedsQL in children with JIA [21]. However,
customised foot orthoses were not statistically significant for the
pediatric rheumatology module for child-reported at 6 months,
and parent-reported at 3- and 6-month follow-up.

Single study analysis for the Generic PedsQL module showed
that customised foot orthoses were not statistically significant in
improving quality of life for both child and parent reports at 3-

and 6-month follow-up versus the control group. This was also
the case when the pediatric rheumatology module was assessed
by child and parent at 12-month post intervention.

4.2.1.3 | Foot Function. Powell et al. (2005) assessed foot
function using the foot function index. Custom foot orthoses
were statistically and clinically more significant in improving all
domains of the foot function index versus the shoes only group
at 3 months. Both custom foot orthoses compared to neoprene
flat inserts and neoprene flat inserts versus shoes only group
were not statistically significant in improving any of the foot
function index domains at 3 months follow-up.

4.21.4 | Timed Walking. At 3-month follow-up, mean
walking speed was significantly faster in children with custom
foot orthoses than in those with neoprene inserts (—0.95
[-1.88 to —0.02]). The minimal important clinical difference is
unknown, and it is possible that the difference is too small to
be clinically important. No significant differences in walking
speed were found between -children with custom Foot
orthoses and shoes versus shoes alone or neoprene inserts and
shoes versus shoes alone.

4.2.1.5 | Foot Disability. Fellas et al. (2021) assessed foot
disability using the juvenile arthritis foot ankle disability index
(JAFI) which is validated in children with JIA [20]. This
outcome was assessed at 3-, 6- and 12-month follow-ups. The
JAFI is calculated and analysed into three domains:
impairment, activity limitation and participation restriction.
Customised foot orthoses were statistically significant in
reducing foot disability versus the control group (sham foot
orthoses) for the impairment domain at 3- (—3.86 [—7.34 to
—0.38]) and 6- months (—3.29 [-3.29 to —0.13]), as well as the
activity limitation domain at 3- (—4.96 [-9.83 to —0.09]) and
6-month (—4.91 [-8.77 to —1.05]) follow-up. The minimal
important clinical difference is unknown and therefore is it
unclear whether the mean difference effects were clinically
perceivable by participants. Statistical significance was not
reached for any JAFI domain at 12-month and any of the
participation restriction follow-ups.

4.2.1.6 | Joint Involvement. Fellas et al. (2021) assessed
the impact of their intervention on lower limb joint swelling and
tenderness. Joint assessments were conducted by pediatric
rheumatologists who were blinded to what group participants
were in. Analysis of the total joint swelling and tenderness
count from baseline to 6-month showed that customised foot
orthoses versus sham orthoses were not statistically significant
in reducing swollen (—0.60 [-1.30 to 0.10]) or tender (—1.22
[—2.49 to 0.05]) lower limb joints in children with JIA.

4.2.1.7 | Gait Parameters. Cadence, stance and swing
time are measures of walking efficiency and were captured by
Fellas et al. (2022). Analysis results showed that customised foot
orthoses were not statistically significant in improving cadence,
stance or swing time at 3- and 6- months follow-up versus sham
orthoses.
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4.3 | Recommendations for Clinical Practice
When interpreting the results of this systematic review, it is
important clinicians should be aware of that only three of the 11
included studies were single-blinded (blinding the participants,
and never the person administering the intervention). The
remaining included studies did not blind participants or the
person administering the intervention. This area was identified
as being at high risk of bias and results should be interpreted
with care.

Evidence from this systematic review indicates that if a patient
with JIA presents with lower limb pain, then a resistive under-
water and interferential current therapy program or Pilates may
be implemented as part of their rehabilitation and ongoing
management. The sustained reduction of pain with these physical
therapies after 3 months is however unclear. Electromyographic
biofeedback training and balance proprioceptive training may be
used as more of a holistic approach in reducing pain up to
3 months. It is generally unclear if functional capacity would be
significantly improved with the addition of core stability exer-
cises, an aqua plyometric exercise program or a proprioceptive
and balance exercise program. Accommodating variable-
resistance training was statistically significant in improving
functional capacity, however, the clinical significance of these
findings are unclear.

Custom or customised foot orthoses can be prescribed for chil-
dren and adolescents with JIA to significantly reduce foot and
ankle pain, particularly in the first 3 months of intervention.
Sustained efficacy of pain reduction should be closely monitored
by clinicians to ensure the foot orthoses are providing a clinical
benefit to the patient. Clinicians should also consider the evi-
dence of foot orthoses have on other outcomes such as foot
function, foot and ankle disability and overall quality of life
which appears to be limited any time after 3 months's follow-up.
Another important factor to consider when prescribing foot or-
thoses is whether to prescribe custom or customised devices.
Custom foot orthoses are significantly more expensive than
customised prefabricated foot orthoses for the patient to acquire
from a private clinic. Customised prefabricated foot orthoses can
be prescribed on the same day of the initial biomechanical
consultation without compromising clinical effectiveness and
typically with less cost to the patient. JIA patients may also sus-
tain changes to their lower limb which may require a change in
prescription or fundamental design of the orthoses. Moreover,
pediatric patient's feet will grow and require frequent replacing.
Lastly, it is important for clinicians to consider if custom or
customised foot orthoses are prescribed, then prolonged use of
this intervention should be monitored carefully for its viability in
producing ongoing improvements in clinical outcomes.

4.4 | Limitations

Some limitations to this systematic review should be considered.
First this review only included RCTs that explored the effect of
interventions on the lower limb. Second, only pre-specified
outcomes were analysed based on our published protocol [18].
Therefore, some of the outcomes explored by included studies

were not included in the statistical analysis and discussion of
this review.

4.4.1 | Limitations of Included Studies

The first limitation of included studies to highlight was the lack
of blinding that occurred. Only three of the eleven studies
included in this review were single-blinded RCTs in which none
of the physical therapy studies were blinded. Double blinding
non-pharmacological RCTs can be difficult for research teams to
achieve due to the nature of delivering a blinded intervention to
participants. However, it is recommended that a minimum of
single blinding is carried out for these studies to minimise the
risk of bias in the results [50]. At least five of the RCTs sample
size calculations produced seemingly low participant numbers
and it was unclear if these numbers were sufficient to detect
true change. Another limitation of the included studies was 68%
(347/510) of JIA participants were diagnosed with polyarticular
subtype. The high percentage of polyarticular JIA participants
was due to six of the eleven studies (Eid et al. 2016; Elnaggar
et al. 2016; Elnaggar et al. 2021; Elnaggar et al. 2022; Azab et al.
2022; Elnaggar et al. 2024) only including this subtype ulti-
mately affecting the generalisability of findings.

4.5 | Recommendations for Future Research
Currently, there are no RCTs that explore the effect of physical
therapies on lower limb problems in children with JIA beyond
3 months. Since JIA is a chronic condition, it is recommended
for future researchers to design their clinical trials with longer
observational periods to determine if physical therapies have
sustained efficacy. It is also important to consider the implica-
tions of participants with JIA encountering a disease flare dur-
ing a non-pharmacological RCT due to increased symptoms and
likely significant changes in medication which have a high
chance of confounding data. Therefore, future researchers in
physical and mechanical therapies should closely monitor
whether their participants experience disease flare in RCTs
longer than 3 months and account for this in their analyses.
Custom or customised foot orthoses remain the only mechanical
therapy focusing on the lower limb in children with JIA. Future
research could explore the effect of different types of foot or-
thoses in the same trial to determine what is the most accepted
and cost-effective for children with JIA. Other mechanical
therapies that may be useful to test in combination with Foot
orthoses are taping or bracing. Lastly, authors who may conduct
future clinical trials are recommended to blind participants to
their intervention as feasible as possible as well as blinding
outcome assessors and research personnel.

5 | Conclusion

Based on meta-analysis, custom or customised foot orthoses are
statistically and clinically significant in reducing foot and ankle
pain in children with JIA in the first 3 months of intervention.
This effect did not extend past 3 months despite statistical and
clinical trends suggesting prolonged pain reduction in favour of
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customised foot orthoses. There were inconsistent trends in the
effect of custom or customised foot orthoses on quality of life,
foot and ankle disability and foot function. Physical therapies
such as electromyographic biofeedback training, Pilates and
resistive underwater and interferential current therapy were
statistically and clinically significant in reducing lower limb
pain after 3 months of intervention versus standard physical
therapy. Pilates was also effective in improving quality of life
and reducing disability (CHAQ). Most studies included in this
systematic review were subject to a high risk of reporting bias as
there was limited attempt to blind research personnel and
outcome assessors to participant intervention groups. Approxi-
mately half of the included studies were hampered by small
sample sizes and a homogenous cohort of polyarticular JIA
participants. Overall, further research is required, particularly
physical therapy based RCTs that are at least single blinded,
with longer follow-ups and larger sample sizes to provide more
conclusive evidence on the effect of physical therapies in
improve lower limb problems in children with JIA.

Author Contributions

Antoni Fellas: conceptualisation, data curation, methodology, formal
analysis, project administration, validation, writing - original draft,
writing — review and editing. Fiona Hawke: conceptualisation, meth-
odology, formal analysis, supervision, writing - original draft, writing -
review and editing. Mohammed Maarj: data curation, methodology,
writing - original draft, writing - review and editing. Davinder Singh-
Grewal: conceptualisation, methodology, supervision, writing — original
draft, writing - review and editing. Derek Santos: conceptualisation,
methodology, supervision, writing - original draft, writing — review and
editing. Andrea Coda: conceptualisation, methodology, formal anal-
ysis, supervision, writing — original draft, writing — review and editing.

Acknowledgements

Open access publishing facilitated by The University of Newecastle, as
part of the Wiley - The University of Newcastle agreement via the
Council of Australian University Librarians.

Funding

The authors have nothing to report.

Conflicts of Interest

Dr Fellas, Dr Coda, Prof Santos and A/Prof Singh-Grewal may be au-
thors of papers that are included in this systematic review.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. A. Martini, D. J. Lovell, S. Albani, et al., “Juvenile Idiopathic
Arthritis,” Nature Reviews Disease Primers 8, no. 1 (2022): 5, https://doi.
0rg/10.1038/s41572-021-00332-8.

2. G.J.F.J. Bos, O. T. H. M. Lelieveld, W. Armbrust, P. J. J. Sauer, J. H.
B. Geertzen, and P. U. Dijkstra, “Physical Activity in Children With
Juvenile Idiopathic Arthritis Compared to Controls,” Pediatric Rheu-
matology 14, no. 1 (2016): 42, https://doi.org/10.1186/s12969-016-0102-8.

3. K. Chomistek, N. Johnson, R. Stevenson, et al., “Patient-Reported
Barriers at School for Children With Juvenile Idiopathic Arthritis,”
ACR Open Rheumatology 1, no. 3 (2019): 182-187, https://doi.org/10.
1002/acr2.1023.

4. D. C. Fair, J. J. Nocton, J. A. Panepinto, et al., “Anxiety and
Depressive Symptoms in Juvenile Idiopathic Arthritis Correlate With
Pain and Stress Using PROMIS Measures,” Journal of Rheumatology 49,
no. 1 (2022): 74-80, https://doi.org/10.3899/jrheum.210101.

5. A. Ravelli, A. Consolaro, G. Horneff, et al., “Treating Juvenile Idio-
pathic Arthritis to Target: Recommendations of an International Task
Force,” Annals of the Rheumatic Diseases 77, no. 6 (2018): 819-828,
https://doi.org/10.1136/annrheumdis-2018-213030.

6. A. Fellas, F. Hawke, D. Santos, and A. Coda, “Prevalence, Presen-
tation and Treatment of Lower Limb Pathologies in Juvenile Idiopathic
Arthritis: A Narrative Review,” Journal of Paediatrics and Child Health
53, no. 9 (2017): 836-840, https://doi.org/10.1111/jpc.13646.

7. G.J. Hendry, S. J. Shoop-Worrall, J. L. Riskowski, et al., “Prevalence
and Course of Lower Limb Disease Activity and Walking Disability Over
the First 5 Years of Juvenile Idiopathic Arthritis: Results From the
Childhood Arthritis Prospective Study,” Rheumatology Advances in
Practice 2, no. 2 (2018): rky039, https://doi.org/10.1093/rap/rky039.

8. K. M. Houghton and J. Guzman, “Evaluation of Static and Dynamic
Postural Balance in Children With Juvenile Idiopathic Arthritis,” Pedi-
atric Physical Therapy 25, no. 2 (2013): 150-157, https://doi.org/10.1097/
pep-0b013e31828a2978.

9. J. Merker, M. Hartmann, J.-P. Haas, and A. Schwirtz, “Combined
Three-Dimensional Gait and Plantar Pressure Analyses Detecting Sig-
nificant Functional Deficits in Children With Juvenile Idiopathic
Arthritis,” Gait & Posture 66 (2018): 247-254, https://doi.org/10.1016/j.
gaitpost.2018.08.041.

10. L. Woolnough, A. Pomputius, and H. K. Vincent, “Juvenile Idio-
pathic Arthritis, Gait Characteristics and Relation to Function,” Gait &
Posture 85 (2021): 38-54, https://doi.org/10.1016/j.gaitpost.2020.12.010.

11. K. B. Onel, D. B. Horton, D. J. Lovell, et al., “2021 American College
of Rheumatology Guideline for the Treatment of Juvenile Idiopathic
Arthritis: Therapeutic Approaches for Oligoarthritis, Temporomandib-
ular Joint Arthritis, and Systemic Juvenile Idiopathic Arthritis,”
Arthritis & Rheumatology 74, no. 4 (2022): 553-569, https://doi.org/10.
1002/art.42037.

12. A. Fellas, A. Coda, and F. Hawke, “Physical and Mechanical
Therapies for Lower-Limb Problems in Juvenile Idiopathic Arthritis: A
Systematic Review With Meta-Analysis,” Journal of the American
Podiatric Medical Association 107, no. 5 (2017): 399-412, https://doi.org/
10.7547/15-213.

13. A. Coda, P. W. Fowlie, J. E. Davidson, J. Walsh, T. Carline, and D.
Santos, “Foot Orthoses in Children With Juvenile Idiopathic Arthritis: A
Randomised Controlled Trial,” Archives of Disease in Childhood 99, no. 7
(2014): 649-651, https://doi.org/10.1136/archdischild-2013-305166.

14. M. Powell, M. Seid, and I. S. Szer, “Efficacy of Custom Foot Orthotics
in Improving Pain and Functional Status in Children With Juvenile
Idiopathic Arthritis: A Randomized Trial,” Journal of Rheumatology 32,
no. 5 (2005): 943-950, https://www.jrheum.org/content/32/5/943.short.

15. K. Davies, G. Cleary, H. Foster, et al., “BSPAR Standards of Care for
Children and Young People With Juvenile Idiopathic Arthritis,” Rheu-
matology 49, no. 7 (2010): 1406-1408, https://doi.org/10.1093/rheuma
tology/kep460.

16. K. B. Onel, D. B. Horton, D. J. Lovell, et al., “2021 American College
of Rheumatology Guideline for the Treatment of Juvenile Idiopathic
Arthritis: Recommendations for Nonpharmacologic Therapies, Medi-
cation Monitoring, Immunizations, and Imaging,” Arthritis Care &
Research 74, no. 4 (2022): 505-520, https://doi.org/10.1002/acr.24839.

18 of 20

Journal of Foot and Ankle Research, 2025


https://doi.org/10.1038/s41572-021-00332-8
https://doi.org/10.1038/s41572-021-00332-8
https://doi.org/10.1186/s12969-016-0102-8
https://doi.org/10.1002/acr2.1023
https://doi.org/10.1002/acr2.1023
https://doi.org/10.3899/jrheum.210101
https://doi.org/10.1136/annrheumdis-2018-213030
https://doi.org/10.1111/jpc.13646
https://doi.org/10.1093/rap/rky039
https://doi.org/10.1097/pep.0b013e31828a2978
https://doi.org/10.1097/pep.0b013e31828a2978
https://doi.org/10.1016/j.gaitpost.2018.08.041
https://doi.org/10.1016/j.gaitpost.2018.08.041
https://doi.org/10.1016/j.gaitpost.2020.12.010
https://doi.org/10.1002/art.42037
https://doi.org/10.1002/art.42037
https://doi.org/10.7547/15-213
https://doi.org/10.7547/15-213
https://doi.org/10.1136/archdischild-2013-305166
https://www.jrheum.org/content/32/5/943.short
https://doi.org/10.1093/rheumatology/kep460
https://doi.org/10.1093/rheumatology/kep460
https://doi.org/10.1002/acr.24839

17. J. Munro, K. Murray, C. Boros, et al, “Australian Paediatric
Rheumatology Group Standards of Care for the Management of Juvenile
Idiopathic Arthritis,” Journal of Paediatrics and Child Health 50, no. 9
(2014): 663-666, https://doi.org/10.1111/jpc.12462.

18. A. Fellas, A. Coda, and F. Hawke, “Physical and Mechanical
Therapies for Lower Limb Problems in Juvenile Idiopathic Arthritis: A
Systematic Review (Protocol),” Applied Clinical Research, Clinical Trials
and Regulatory Affairs 2, no. 2 (2015): 69-72, https://doi.org/10.2174/
2213476x02666150917174951.

19. R. A. Gragg, M. A. Rapoff, M. B. Danovsky, et al., “Assessing
Chronic Musculoskeletal Pain Associated With Rheumatic Disease:
Further Validation of the Pediatric Pain Questionnaire,” Journal of Pe-
diatric Psychology 21, no. 2 (1996): 237-250, https://doi.org/10.1093/
jpepsy/21.2.237.

20. M. André, S. Hagelberg, and C. H. Stenstrom, “The Juvenile
Arthritis Foot Disability Index: Development and Evaluation of Mea-
surement Properties,” Journal of Rheumatology 31, no. 12 (2004): 2488-
2493, https://www.jrheum.org/content/31/12/2488.

21. J. W. Varni, M. Seid, and C. A. Rode, “The Pedsql™: Measurement
Model for the Pediatric Quality of Life Inventory,” Medical Care 37, no. 2
(1999): 126-139, https://doi.org/10.1097/00005650-199902000-00003.

22. J. P. Higgins and S. Green Cochrane Handbook for Systematic Re-
views of Interventions (2008).

23. RevMan. 5.4 ed: Cochrane Collaboration (2020).

24. S. M. Sieczkowska, C. Astley, I. G. Marques, et al., “A Home-Based
Exercise Program During COVID-19 Pandemic: Perceptions and
Acceptability of Juvenile Systemic Lupus Erythematosus and Juvenile
Idiopathic Arthritis Adolescents,” Lupus 31, no. 4 (2022): 443-456,
https://doi.org/10.1177/09612033221083273.

25. K. M. Houghton, H. M. Macdonald, H. A. McKay, J. Guzman, C.
Duffy, and L. Tucker, “Feasibility and Safety of a 6-Month Exercise
Program to Increase Bone and Muscle Strength in Children With Ju-
venile Idiopathic Arthritis,” Pediatric Rheumatology 16 (2018): 1-12,
https://doi.org/10.1186/512969-018-0283-4.

26. D. Bayraktar, S. Savci, O. Altug-Gucenmez, et al., “The Effects of 8-
Week Water-Running Program on Exercise Capacity in Children With
Juvenile Idiopathic Arthritis: A Controlled Trial,” Rheumatology Inter-
national 39, no. 1 (2019): 59-65, https://doi.org/10.1007/s00296-018-
4209-8.

27. R. Emmanuelle, D. Pascale, H. Christophe, et al., “Single Bout Ex-
ercise in Children With Juvenile Idiopathic Arthritis: Impact on In-
flammatory Markers,” Mediators of Inflammation 2018 (2018): 1-6,
https://doi.org/10.1155/2018/9365745.

28. S.Klepper, T. T. M. Khong, R. Klotz, A. O. Gregorek, Y. C. Chan, and S.
Sawade, “Effects of Structured Exercise Training in Children and Ado-
lescents With Juvenile Idiopathic Arthritis,” Pediatric Physical Therapy
31, no. 1 (2019): 3-21, https://doi.org/10.1097/pep.0000000000000555.

29. R. K. Elnaggar, W. S. Mahmoud, W. K. Abdelbasset, B. A. Alqahtani,
S. M. Alrawaili, and M. S. Elfakharany, “Low-Energy Laser Therapy
Application on Knee Joints as an Auxiliary Treatment in Patients With
Polyarticular Juvenile Idiopathic Arthritis: A Dual-Arm Randomized
Clinical Trial,” Lasers in Medical Science 37, no. 3 (2021): 1-10, https://
doi.org/10.1007/s10103-021-03427-6.

30. S. M. El-Shamy, M. S. M. Alayat, A. A. Abdelgalil, and M. A.
Alshehri, “Long-Term Effect of Pulsed Nd: YAG Laser in the Treatment
of Children With Juvenile Rheumatoid Arthritis: A Randomized
Controlled Trial,” Photomedicine and Laser Surgery 36, no. 8 (2018):
445-451, https://doi.org/10.1089/pho.2018.4444.

31. W. Armbrust, G. J. Bos, N. M. Wulffraat, et al., “Internet Program
for Physical Activity and Exercise Capacity in Children With Juvenile
Idiopathic Arthritis: A Multicenter Randomized Controlled Trial,”
Arthritis Care & Research 69, no. 7 (2017): 1040-1049, https://doi.org/10.
1002/acr.23100.

32. K. T. April, J. Stinson, S. Cavallo, et al., “Yoga and Aerobic Dance
for Pain Management in Juvenile Idiopathic Arthritis: Protocol for a
Pilot Randomized Controlled Trial,” JMIR Research Protocols 9, no. 7
(2020): 12823, https://doi.org/10.2196/12823.

33. S. D. Sule and K. R. Fontaine, “Slow Speed Resistance Exercise
Training in Children With Polyarticular Juvenile Idiopathic Arthritis,”
Open Access Rheumatology Research and Reviews 11 (2019): 121-126,
https://doi.org/10.2147/o0arrr.s199855.

34. J. Blitz, S. M. Stern, and K. Marzan, “Do Pedometers With or
Without Education on Exercise Increase Functional Walking Capacity
and Physical Activity Level in Adolescents With Juvenile Idiopathic
Arthritis?,” Physiotherapy Theory and Practice 34, no. 5 (2018): 359-366,
https://doi.org/10.1080/09593985.2017.1401189.

35. S. N. Baydogan, E. Tarakci, and O. Kasapcopur, “Effect of
Strengthening Versus Balance-Proprioceptive Exercises on Lower Ex-
tremity Function in Patients With Juvenile Idiopathic Arthritis: A
Randomized, Single-Blind Clinical Trial,” American Journal of Physical
Medicine & Rehabilitation 94, no. 6 (2015): 417-428, https://doi.org/10.
1097/phm.0000000000000279.

36. M. A. M. Eid, S. M. Aly, and S. M. El-Shamy, “Effect of Electro-
myographic Biofeedback Training on Pain, Quadriceps Muscle Strength,
and Functional Ability in Juvenile Rheumatoid Arthritis,” American
Journal of Physical Medicine & Rehabilitation 95, no. 12 (2016): 921-930,
https://doi.org/10.1097/phm.0000000000000524.

37. R. K. Elnaggar and M. A. Elshafey, “Effects of Combined Resistive
Underwater Exercises and Interferential Current Therapy in Patients
With Juvenile Idiopathic Arthritis: A Randomized Controlled Trial,”
American Journal of Physical Medicine & Rehabilitation 95, no. 2 (2016):
96-102, https://doi.org/10.1097/phm.0000000000000347.

38. R. K. Elnaggar, W. S. Mahmoud, S. A. Moawd, and A. R. Azab,
“Impact of Core Stability Exercises on Bone Mineralization and Func-
tional Capacity in Children With Polyarticular Juvenile Idiopathic
Arthritis: A Randomized Clinical Trial,” Clinical Rheumatology 40, no. 1
(2021): 245-253, https://doi.org/10.1007/s10067-020-05219-9.

39. A. Fellas, D. Singh-Grewal, J. Chaitow, D. Santos, M. Clapham, and
A. Coda, “Effect of Preformed Foot Orthoses in Reducing Pain in
Children With Juvenile Idiopathic Arthritis: A Multicentre Randomized
Clinical Trial,” Rheumatology 61, no. 6 (2022): 2572-2582, https://doi.
org/10.1093/rheumatology/keab765.

40. A. R. Azab, F. H. Kamel, M. A. Basha, et al., “Impact of Clinical
Pilates Exercise on Pain, Cardiorespiratory Fitness, Functional Ability,
and Quality of Life in Children With Polyarticular Juvenile Idiopathic
Arthritis,” International Journal of Environmental Research and Public
Health 19, no. 13 (2022): 7793, https://doi.org/10.3390/ijerph19137793.

41. R. K. Elnaggar and M. S. Elfakharany, “Aqua-Plyometric Exercises-
Induced Changes in Muscle Strength, Bone Mineral Properties, and
Physical Fitness in Patients With Juvenile Idiopathic Arthritis: A 12-
Week, Randomized Controlled Trial,” Pediatric Exercise Science 35, no.
4 (2023): 198-205, https://doi.org/10.1123/pes.2022-0044.

42. A. Fellas, D. Singh-Grewal, J. Chaitow, D. Santos, M. Clapham, and
A. Coda, “Effect of Customised Preformed Foot Orthoses on Gait Pa-
rameters in Children With Juvenile Idiopathic Arthritis: A Multicentre
Randomised Clinical Trial,” Gait & Posture 95 (2022): 93-99, https://doi.
org/10.1016/j.gaitpost.2022.04.017.

43. R. K. Elnaggar, A. R. Azab, S. M. Alrawaili, et al., “Efficacy of Ac-
commodating Variable-Resistance Training on Muscle Architecture,
Peak Torque, and Functional Performance in Patients With Juvenile
Idiopathic Arthritis: A Randomized Controlled Trial,” Heliyon 10, no. 6
(2024): €27693, https://doi.org/10.1016/j.heliyon.2024.e27693.

44. R.E.Petty, T. R. Southwood, P. Manners, et al., “International League
of Associations for Rheumatology Classification of Juvenile Idiopathic
Arthritis: Second Revision, Edmonton, 2001,” Journal of Rheumatology
31, no. 2 (2004): 390-392, https://www.jrheum.org/content/31/2/390.
long.

Journal of Foot and Ankle Research, 2025

19 of 20


https://doi.org/10.1111/jpc.12462
https://doi.org/10.2174/2213476x02666150917174951
https://doi.org/10.2174/2213476x02666150917174951
https://doi.org/10.1093/jpepsy/21.2.237
https://doi.org/10.1093/jpepsy/21.2.237
https://www.jrheum.org/content/31/12/2488
https://doi.org/10.1097/00005650-199902000-00003
https://doi.org/10.1177/09612033221083273
https://doi.org/10.1186/s12969-018-0283-4
https://doi.org/10.1007/s00296-018-4209-8
https://doi.org/10.1007/s00296-018-4209-8
https://doi.org/10.1155/2018/9365745
https://doi.org/10.1097/pep.0000000000000555
https://doi.org/10.1007/s10103-021-03427-6
https://doi.org/10.1007/s10103-021-03427-6
https://doi.org/10.1089/pho.2018.4444
https://doi.org/10.1002/acr.23100
https://doi.org/10.1002/acr.23100
https://doi.org/10.2196/12823
https://doi.org/10.2147/oarrr.s199855
https://doi.org/10.1080/09593985.2017.1401189
https://doi.org/10.1097/phm.0000000000000279
https://doi.org/10.1097/phm.0000000000000279
https://doi.org/10.1097/phm.0000000000000524
https://doi.org/10.1097/phm.0000000000000347
https://doi.org/10.1007/s10067-020-05219-9
https://doi.org/10.1093/rheumatology/keab765
https://doi.org/10.1093/rheumatology/keab765
https://doi.org/10.3390/ijerph19137793
https://doi.org/10.1123/pes.2022-0044
https://doi.org/10.1016/j.gaitpost.2022.04.017
https://doi.org/10.1016/j.gaitpost.2022.04.017
https://doi.org/10.1016/j.heliyon.2024.e27693
https://www.jrheum.org/content/31/2/390.long
https://www.jrheum.org/content/31/2/390.long

45. K. A. Kirby, S. K. Spooner, P. R. Scherer, and J. M. Schuberth, “Foot
Orthoses,” Foot & Ankle Specialist 5, no. 5 (2012): 334-343, https://doi.
0rg/10.1177/1938640012458900.

46. D. Hohenschurz-Schmidt, J. Draper-Rodi, L. Vase, et al., “Blinding
and Sham Control Methods in Trials of Physical, Psychological, and
Self-Management Interventions for Pain (Article I): A Systematic Re-
view and Description of Methods,” Pain 164, no. 3 (2023): 469-484,
https://doi.org/10.1097/j.pain.0000000000002723.

47. S. Dhanani, J. Quenneville, M. Perron, M. Abdolell, and B. M.
Feldman, “Minimal Difference in Pain Associated With Change in
Quality of Life in Children With Rheumatic Disease,” Arthritis Care &
Research 47, no. 5 (2002): 501-505, https://doi.org/10.1002/art.10661.

48. L. Pritchard, O. Verschuren, M. Roy, C. Kaup, and D. G. Rumsey,
“Reproducibility of the Six-Minute Walk Test in Children and Youth
With Juvenile Idiopathic Arthritis,” Arthritis Care & Research 74, no. 4
(2022): 686-690, https://doi.org/10.1002/acr.24492.

49. H. Dempster, M. Porepa, N. Young, and B. M. Feldman, “The
Clinical Meaning of Functional Outcome Scores in Children With Ju-
venile Arthritis,” Arthritis & Rheumatism 44, no. 8 (2001): 1768-1774,
https://doi.org/10.1002/1529-0131(200108)44:8<1768::aid-art312>3.0.
€0;2-q.

50. A. Malmivaara, S. Armijo-Olivo, L. Dennett, A. W. Heinemann, S.
Negrini, and J. Arokoski, “Blinded or Nonblinded Randomized
Controlled Trials in Rehabilitation Research: A Conceptual Analysis
Based on a Systematic Review,” American Journal of Physical Medi-
cine & Rehabilitation 99, no. 3 (2020): 183-190, https://doi.org/10.1097/
phm.0000000000001369.

20 of 20

Journal of Foot and Ankle Research, 2025


https://doi.org/10.1177/1938640012458900
https://doi.org/10.1177/1938640012458900
https://doi.org/10.1097/j.pain.0000000000002723
https://doi.org/10.1002/art.10661
https://doi.org/10.1002/acr.24492
https://doi.org/10.1002/1529-0131(200108)44:8%3C1768::aid-art312%3E3.0.co;2-q
https://doi.org/10.1002/1529-0131(200108)44:8%3C1768::aid-art312%3E3.0.co;2-q
https://doi.org/10.1097/phm.0000000000001369
https://doi.org/10.1097/phm.0000000000001369

	Physical and Mechanical Therapies for Lower Limb Problems in Children With Juvenile Idiopathic Arthritis: A Systematic Revi ...
	1 | Introduction
	2 | Methods
	2.1 | Studies and Participants
	2.2 | Outcomes
	2.3 | Search Strategy
	2.4 | Risk of Bias
	2.5 | Statistical Analysis
	2.6 | Assessment of Heterogeneity
	2.7 | Data Synthesis
	2.8 | Subgroup Analyses
	2.9 | Sensitivity Analysis

	3 | Results
	3.1 | Studies
	3.2 | Participants
	3.3 | Lower Limb Problems
	3.4 | Setting
	3.5 | Types of Physical and Mechanical Therapies
	3.5.1 | Mechanical Therapies


	Foot Orthoses
	Outline placeholder
	3.5.2 | Physical Therapies


	Proprioceptive‐Balance Training
	Underwater Resistance Training and Interferential Current Therapy (IFC)
	Electromyographic (EMG) Biofeedback Training
	Core Stability Exercises
	Aqua‐Plyometric Exercises
	Pilates
	Accommodating Variable‐Resistance Training
	Risk of Bias
	3.6 | Outcomes
	3.7 | Comparisons
	3.7.1 | Physical Therapies
	3.7.2 | Mechanical Therapies

	3.8 | Data and Analysis

	4 | Discussion
	4.1 | Physical Therapies
	4.1.1 | Electromyographic Biofeedback Training
	4.1.2 | Resistive Underwater Exercises and Interferential Current Therapy
	4.1.3 | Core Stability Exercises
	4.1.4 | Pilates
	4.1.5 | Aqua Plyometric Exercise Program
	4.1.6 | Proprioceptive and Balance Exercise Program
	4.1.7 | Accommodating Variable‐Resistance Training Program

	4.2 | Mechanical Therapies
	4.2.1 | Custom/Customised Foot Orthoses


	Pain
	Quality of Life
	Foot Function
	Timed Walking
	Foot Disability
	Joint Involvement
	Gait Parameters
	4.3 | Recommendations for Clinical Practice
	4.4 | Limitations
	4.4.1 | Limitations of Included Studies

	4.5 | Recommendations for Future Research

	5 | Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Conflicts of Interest
	Data Availability Statement


