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Abstract

Background: Foot orthoses (FOs) are prescribed as an important conservative treatment option in patients with
foot problems related to rheumatoid arthritis. However, a broad variation in FOs is used, both in clinical practice
and in research. To date, there is no overview on the outcomes of the treatment with different kinds of FOs in
patients with rheumatoid arthritis and a specific foot problem. The objectives of the present study were to
summarize the comparative effectiveness of FOs in the treatment of various foot problems in patients with
rheumatoid arthritis, on the primary outcomes foot function and foot pain, and the secondary outcomes physical
functioning, health related quality of life, compliance, adverse events, the costs of FOs and patient satisfaction.

Methods: Studies comparing different kinds of FOs, with a presumed therapeutic effect, in the treatment of foot
problems related to rheumatoid arthritis were included. A literature search was conducted in The Cochrane Central
Registry for Controlled Trials (CENTRAL), PubMed, EMBASE and PEDro up to May 18th, 2018. Data was meta-
analyzed, when this was not possible qualitative data analysis was performed.

Results: Ten studies were identified, with a total number of 235 patients. These studies made a comparison
between different materials used (soft versus semi-rigid), types of FOs (custom-made versus ready-made; total-
contact versus non-total contact), or modifications applied (metatarsal bars versus domes). Also, different
techniques to construct custom-made FOs were compared (standard custom-molding techniques versus more
sophisticated techniques). A medium effect for (immediate) reduction of forefoot plantar pressure was found in
favor of treatment with soft FOs compared to semi-rigid FOs (SMD 0.60, 95% CI 0.07–1.14; P = 0.03; 28 participants).
Other comparisons between FOs resulted in non-significant effects or inconclusive evidence for one kind of FOs
over the other.

Conclusions: Foot orthoses made of soft materials may lead to more (immediate) forefoot plantar pressure
reduction compared to foot orthoses constructed of semi-rigid materials. Definitive high quality RCTs, with
adequate sample sizes and long-term follow-up, are needed to investigate the comparative (cost-) effectiveness of
different kinds of foot orthoses for the treatment of foot problems related to rheumatoid arthritis.
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Background
Foot problems are frequently identified in patients with
rheumatoid arthritis (RA) [1–5]. Synovitis of foot joints, es-
pecially in the forefoot, may lead to damage and deformity
of these joints [1]. Subsequently, foot pain and disability
may occur resulting in a reduced quality of life [1, 6, 7].
Treatment of RA consists of systemic medication and, if
necessary, additional conservative or surgical treatment.
Foot orthoses (FOs) are an important conservative

treatment option for RA-related foot problems [8]. FOs
can be prescribed for optimizing foot mechanics and
function, or for providing cushioning and off-loading of
foot structures [9–11]. In general, the aim of prescribing
FOs is to reduce foot pain and to improve physical func-
tion and quality of life [9, 12–15]. FOs are placed be-
tween the plantar surface of the foot and the sole of the
patient’s shoe, have a presumed therapeutic effect and
are either ready- or custom-made. FOs are provided ac-
cording to the individual requirements of the patient.
The effectiveness of custom-made FOs in the treatment

of RA-related foot problems has been summarized in three
published systematic reviews [9, 14, 16]. Two reviews re-
ported evidence for the reduction of foot pain [9, 14], one
review also found weak evidence for the reduction of fore-
foot plantar pressure [9]. Within these systematic reviews,
the effectiveness of custom-made FOs was compared to
placebo/simple FOs or no FOs.
A broad variation in FOs is used in the treatment of spe-

cific RA-related foot problems, both in clinical practice and
research. FOs may have several characteristics concerning
materials used (e.g. rigid or soft), type (e.g. custom-made or
ready-made; contoured or non-contoured) and modifica-
tions (e.g. metatarsal domes or bars, shock-absorbing pad-
dings) [12]. Furthermore, custom-made FOs can be
constructed in different ways, e.g. by using custom molding
techniques or more sophisticated CAD-CAM (computer--
aided design/computer-aided manufacturing) or laser sin-
tering systems. The characteristics of FOs prescribed may
depend on the target of treatment (i.e. pressure redistribu-
tion or support, stabilization or correction of foot struc-
tures) in a specific foot region (forefoot, midfoot, rearfoot
or a combination). Moreover, disease stage, the expertise of
health professionals, patients’ preferences, costs, access to
foot care, and national and international referral patterns
can play a role in the prescription of FOs [17].
To date, there is no overview on the outcomes of the

treatment with different kinds of FOs in patients with
RA and a specific foot problem. In addition, there is a
lack of knowledge on the costs that are related to treat-
ment with different types of FOs. Therefore, the aim of
the present review was to systematically summarize the
literature on the comparative effectiveness of FOs in the
treatment of various foot problems in patients with RA,
on the primary outcomes foot function and foot pain,

and the secondary outcomes physical functioning, health
related quality of life (HRQoL), compliance, adverse
events, the costs of FOs and patient satisfaction.

Methods
Protocol and registration
A detailed protocol for the present study has been previ-
ously published in PROSPERO (Prospero Record Registra-
tion No.: CRD42018082039). The manuscript was written
in accordance with the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) state-
ment [18].

Eligibility criteria
Types of studies
(non) Randomized controlled trials (RCT), (non) random-
ized controlled cross-over trials and quasi-experimental
clinical trials comparing different kinds of FOs were in-
cluded. Only full-text original research reports, published
in English, German, French, or Dutch were included. No
restrictions concerning the year of publication were used.

Types of participants
The study population comprised patients ≥18 years of
age and diagnosed with RA, or a defined subgroup of
RA patients for whom data were presented separately.

Type of intervention and comparisons
Studies were eligible if patients received FOs with a pre-
sumed therapeutic effect for the treatment of RA related
foot problems. Studies compared different FOs charac-
teristics (i.e. materials used, type of FOs, or modifica-
tions applied) or different construction methods for
manufacturing FOs. The only difference between the in-
terventions was related to the FOs, while shoe condition
and the target of the treatment remained stable.

Type of outcomes
Studies were eligible if at least one of the following out-
comes was assessed: foot function (i.e. plantar pressure or
gait parameters), foot pain, physical functioning (perfor-
mance-based or self-reported), HRQoL, compliance, ad-
verse events, the costs of FOs, or participant satisfaction.

Information sources, search and study selection
The following electronic databases were searched from
inception to May 18th 2018: the Cochrane Central
Registry for Controlled Trials (CENTRAL), PubMed,
EMBASE and PEDro. Detailed search strategies are pre-
sented in Additional file 1. Each database was searched
independently by two researchers (MTD and MvdL). In
addition, references lists of all selected publications were
checked to retrieve relevant publications which have not
been found with the computerized search.
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Titles or abstracts of all studies were first screened in-
dependently by two reviewers (MTD and MvdL). For
each selected study, the full article was retrieved. Next,
the two reviewers independently performed final selec-
tion of studies to be included in the review based on the
eligibility criteria. Disagreements on inclusion were re-
solved by discussion between the two reviewers.

Data collection process, data items and summary measures
Data were extracted by one reviewer (MTD) using a
standardized template, and verified by a second reviewer
(MvdL). From each included study, information was ex-
tracted on: authors, year of publication, study design,
participant description (number of participants, setting,
diagnosis, age and other clinical characteristics), descrip-
tion of intervention (including FOs characteristics and
target of treatment for a specific foot region), longest
point of follow-up, outcome measures and -if applicable-
mean and standard deviations for baseline, follow-up
and change scores in the outcomes, or percentages of
change in the outcomes. Means were estimated from
graphs, when no numerical data were supplied [19]. Dis-
agreements or discrepancies on data extraction were re-
solved by discussion. If the study provided data from
more than one measurement instrument, then the out-
come measure most prevalent across studies was used in
the analysis. For the studies in which the most prevalent
outcome measure was not reported, data of the instru-
ment highest in hierarchy was used. Based on the psy-
chometric properties of the instruments [20] the
following hierarchies (highest to lowest within the cat-
egories i-v) were applied: (i) foot function (plantar pres-
sure): pressure time integral, peak pressure, other
instrument, (ii) foot function (gait): cadence, stride
length, other instrument, (iii) foot pain: Foot Function
Index subscale pain (FFI pain), Visual Analogue Scale for
foot pain during walking (VAS foot pain), other instru-
ment, (iv) physical functioning: Foot Function Index sub-
scale disability (FFI disability), timed walking test, other
instrument, and (v) HRQoL: Foot Health Status Ques-
tionnaire subscale general health (FHSQ general health),
Visual Analogue Scale for general well-being (VAS gen-
eral well-being), other instrument.

Methodological quality of individual studies
The methodological quality of included studies was
assessed with the Physiotherapy Evidence Database (PE-
Dro) scale [21]. The PEDro scale has been shown to be a
valid, reliable and frequently used tool for assessing
methodological quality of randomized controlled trials
and clinical controlled trials [22–24]. It consists of 11
items to measure the quality of each included trial. Eight
items (item 2–9) are used to assess internal validity and
two items to assess interpretability of results (item 10–

11). Item 1, assessing external validity, is excluded in cal-
culating the total score [25]. Therefore, the score may
range from 0 to 10 points. When a repeated measures or
cross-over design was used, item 4 (similarity of baseline
prognostic indicators between groups) was not applic-
able and the maximum possible score was 9. The score
obtained for each study was divided by the maximum
possible score and multiplied by 100 to provide a “study
quality percentage”. Study quality percentages were then
classified as high (≥55–100%), fair (≥35- < 55%), or low
(< 35%) according to Teasell et al. [26].
Quality assessments were independently evaluated by

two reviewers (MTD and MvdL). Disagreements were
resolved by discussion and, if necessary, by consultation
of the third reviewer (JD).

Data synthesis
Data synthesis was conducted for the effect of FOs on (i) the
primary outcomes foot function and foot pain and (ii) the
secondary outcomes physical functioning, HRQoL, compli-
ance, adverse events, the costs of FOs and participant satis-
faction. For studies with no follow-up time, the immediate
effect was used in analysis. The immediate effect reflects the
differences within the same measurement session between
the different FO conditions. Quantitative data analysis
(meta-analysis) was conducted for between-group compari-
son of FOs characteristics or FOs construction methods.
Outcomes measured during (in case of single-session meas-
urement (studies with no follow-up)) or after wearing FOs
(longitudinal studies with differing follow-up time) were used
and aggregated in meta-analyses. Subgroup meta-analyses
were performed in case of a sufficient number of studies for
further specification, i.e. targeted foot region; follow-up time
shoe condition; study quality.
Pooling of effect sizes across studies was performed using

the standardized mean difference (SMD) and 95% confi-
dence intervals (CI) in a random effects model [27]. SMDs
were interpreted as 0.2 (small), 0.5 (medium) and 0.8 (large)
[28]. The results are presented in forest plots for each com-
parison. Funnel plots were constructed for meta-analyses
with ≥2 studies, to assess possible publication bias.
Meta-analyses were conducted in computer software R [29].
Heterogeneity was tested using the eye ball test (forest plot).
When quantitative data analysis was not possible, a

qualitative data analysis (best-evidence synthesis) was
conducted. The data were summarized by assigning five
levels of evidence (strong, moderate, weak, inconclusive
and inconsistent) according to criteria adapted from
Ariëns et al. (Table 1) [30].

Results
Study selection
The literature search resulted in a total number of 670
hits. After duplicate removal, 429 hits were screened on
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title or abstract. This resulted in 19 full-text articles that
were studied for eligibility, of which 10 articles were in-
cluded in the systematic review (Fig. 1).

Characteristics of included studies
The included studies consisted of four RCTs [31–34] of
which two with a repeated measures design [31, 32], three
controlled clinical trials with a repeated measures design
[11, 35, 36], one controlled cross-over trial [37], and two
quasi-experimental clinical trials with a repeated measures
design [38, 39]. FOs targeting forefoot problems were inves-
tigated in six studies [11, 31, 35, 36, 39]. FOs targeting hind-
foot problems were investigated in one study [37]. Three

studies investigated the effect of FOs without a specified re-
gion of interest [33, 34, 38]. Four studies specified the shoes
in which FOs were worn; extra-depth shoes with a wide
toe-box [31, 35, 39] and forefoot-rockered extra-depth shoes
with a wide toe-box were used [33]. A detailed description
of the included studies is presented in Table 2.

Methodological quality of included individual studies
Initial overall agreement on methodological quality
scores was 96%. No consultation of the third reviewer
was necessary to resolve disagreement. Methodological
quality of included individual studies is presented in
Table 3. Three studies were considered to be of high
[31, 32, 34], six of fair [11, 33, 35, 36, 38, 39] and one
of low quality [37].

Comparisons in treatment with FOs
Different FOs characteristics and different construction
methods for manufacturing FOs were identified in the
included studies, allowing comparisons of effectiveness.
Meta-analyses are presented in Figs. 2 and 3. Subgroup
meta-analyses are shown in Additional file 2. When

Table 1 Strength of evidence criteria [30]

Strong At least 2 high-quality studies with consistent findings

Moderate 1 high-quality study and at least 2 low-quality studies with
consistent findings

Weak At least 2 low-quality studies with consistent findings

Inconclusive Insufficient or conflicting studies

Inconsistent Agreement of findings in < 75% of studies

Fig. 1 PRISMA flow diagram
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Table 3 Methodological quality of included studies using the PEDro checklist

Reference External validity (0–1) Internal validity
(0–10)

Total score Quality

1 2 3 4 5 6 7 8 9 10 11

Chalmers et al. 2000 [31] 1 1 0 n/a 0 0 1 0 1 1 1 5/9 (56%) High

Chang et al. 2011 [35] 0 0 0 n/a 0 0 0 1 1 1 1 4/9 (44%) Fair

Cho et al. 2009 [33] 1 1 0 1 0 0 0 0 1 1 1 5/10 (50%) Fair

Gatt et al. 2016 [37] 1 0 0 n/a 0 0 0 1 1 0 1 3/9 (33%) Low

Gibson et al. 2014 [11] 1 0 0 n/a 0 0 0 1 1 1 1 4/9 (44%) Fair

Hodge et al. 1999 [36] 0 0 0 n/a 0 0 0 1 1 1 1 4/9 (44%) Fair

Jackson et al. 2004 [32] 1 1 0 n/a 0 0 0 1 1 1 1 5/9 (56%) High

Pallari et al. 2010 [38] 1 0 0 n/a 0 0 0 1 1 1 1 4/9 (44%) Fair

Rome et al. 2017 [34] 1 1 1 0 1 0 0 0 1 1 1 6/10 (60%) High

Tenten-Diepenmaat et al. 2016 [39] 1 0 0 n/a 0 0 0 1 1 1 1 4/9 (44%) Fair

High quality = study quality percentage ≥ 55–100%. Fair quality = study quality percentage ≥ 35- < 55%. Low quality = study quality percentage < 35%. n/a =
not applicable

Fig. 2 Forest plots of data pooling for the effect of semi-rigid FOs versus soft FOs on (a) foot function expressed as Pressure Time Integral, (b)
foot function expressed as Peak Pressure, (c) foot pain, and (d) physical functioning
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meta-analysis was not possible, qualitative data-analysis was
performed as shown in Additional file 3. Although sub-
group meta-analyses on study quality and shoe-condition
were planned a priori, these analyses were not possible due
to an insufficient number of studies.

Characteristics of FOs
Different FOs characteristics were identified concerning (i)
materials used for manufacturing the shell (base-frame) of
FOs, (ii) type of FOs, and (iii) modifications applied to the
FO-shell. Concerning materials used for manufacturing the
shell of FOs a distinction could be made between soft
(cushioning effect) [31–35, 37] and semi-rigid [11, 31, 33–
39] materials. Semi-rigid FOs are manufactured of materials
with a stiffness aimed to provide control of the position of
the feet during weight-bearing. A comparison was made for
the effect of ‘semi-rigid FOs versus soft FOs’ [31, 33–37].
Within this comparison four subgroups were identified.
Two subgroups concerned FO-type, in which the compari-
sons ‘custom-made (semi-rigid) FOs versus ready-made
(soft) FOs’ [33, 36] and ‘total-contact (semi-rigid) FOs ver-
sus non-total contact (soft) FOs’ [31, 34–36] were investi-
gated. Furthermore, one subgroup was identified with the
forefoot as region of interest for treatment [31, 35, 36], and
in one subgroup the effect of treatment was measured after
> 1month of wearing FOs (in contrast to immediate effect)
[31, 33–35, 37]. For type of FOs a distinction could be
made between custom-made FOs [31, 33–40] and
ready-made (i.e. off-the-shelf or over-the counter) FOs [32,
33, 36], and between total-contact [11, 31, 34–39] and
non-total-contact FOs [31–36]. For modifications applied
to the FO-shell a distinction could be made between meta-
tarsal bars [32, 36] and metatarsal domes [32, 36]. A com-
parison was made for the effect of ‘FOs with metatarsal
bars versus FOs with metatarsal domes’ [32, 36].

Comparative effectiveness of semi-rigid FOs versus soft FOs
Six included studies (two of high (75 participants) [31, 34],
three of fair (72 participants) [33, 35, 36] and one of low
quality (10 participants) [37]) investigated the effect of
treatment with FOs constructed of a semi-rigid shell versus
soft FOs constructed of a soft shell. Pooled scores showed a
medium, statistically significant, immediate effect for reduc-
tion of forefoot plantar pressure-time integral (PTI) in favor
of treatment with soft FOs (SMD 0.60, 95% CI 0.07–1.14;
P = 0.03; 28 participants; Fig. 2a). A similar effect was found
for forefoot plantar peak pressure (PP), although not statis-
tically significant (SMD 0.50, 95% CI -0.08 – 1.08; P = 0.09;
28 participants; Fig. 2b). For foot pain, pooled scores (SMD
0.03, 95% CI -0.47 – 0.52; P = 0.91; 157 participants; Fig. 2c)
and subgroup meta-analyses (Additional file 2) showed no
effect in favor of treatment with one type of FOs over the
other, as well as for pooled scores for physical functioning
(SMD -0.10, 95% CI -0.48 – 0.28; P = 0.59; 54 participants;
Fig. 2d). Funnel plots were constructed for the analyses on
foot pain and physical functioning (Additional file 4). Lim-
ited evidence for publication bias was found, since for the
smaller studies treatment effects are spread evenly on both
sides of the average (as shown in Additional file 4). Qualita-
tive data-syntheses resulted in inconclusive evidence for
one type of FOs over the other on the secondary outcomes
compliance, costs of FOs and patient satisfaction.

Comparative effectiveness of FOs with metatarsal bars
versus FOs with metatarsal domes
Two included studies (one of high quality (10 partici-
pants) [32] and one of fair quality (11 participants) [36])
investigated the effect of different types of metatarsal
support (FOs with metatarsal bar versus FOs with meta-
tarsal dome) in the treatment of forefoot problems.
Pooled scores showed a small, immediate, not statisti-
cally significant, effect in favor of FOs with metatarsal

Fig. 3 Forest plots of data pooling for the effect of FOs with metatarsal bars versus FOs with metatarsal domes on (a) foot function expressed as
Pressure Time Interval, (b) foot function expressed as Peak Pressure
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bars for reduction of forefoot plantar pressure (PTI
(SMD -0.17, 95% CI -0.78 – 0.43; P = 0.58; 22 participants;
Fig. 3a) and PP (SMD -0.32, 95% CI -0.93 – 0.29; P = 0.30;
22 participants; Fig. 3b)). Qualitative data-syntheses re-
sulted in inconclusive evidence for one type of FOs over
the other on the primary outcome foot pain and the sec-
ondary outcome patient satisfaction.

Construction method for FOs
Within the included studies various methods were used for
manufacturing custom-made FOs; selective laser sintering
[11, 38] and standard methods for custom-molding of ma-
terial, i.e. directly to the foot [36, 39], or by using an im-
pression- or plaster cast model [11, 31, 34, 35, 37, 38]. A
comparison could be made for the effect of ‘selective laser
sintered FOs versus standard custom-made FOs’ [11, 38].

Comparative effectiveness of selective laser sintered FOs
versus standard custom-made FOs
In two studies (of fair quality (23 participants) [11, 38])
the feasibility and outcomes on foot function of
custom-made FOs manufactured by using sophisticated
construction methods were compared to standard
methods. Gibson et al. [11] reported more immediate
forefoot plantar pressure reduction in favor of treatment
with selective laser sintered FOs, although not statistically
significant. Pallari et al. [38] reported a slightly (non--
tested) faster cadence in favor of treatment with standard
custom-made FOs. Qualitative data-syntheses resulted in
inconclusive evidence for foot function measured with ei-
ther plantar pressure or gait parameters between the dif-
ferent construction methods. Furthermore, inconclusive
evidence was found for one type of FOs over the other on
the secondary outcome patient satisfaction.

Discussion
To our knowledge, this is the first published systematic
review investigating the comparative effectiveness of
FOs in patients with RA. The included studies showed a
distinction in FOs characteristics (concerning materials,
type and modifications) and construction methods for
custom-made FOs (sophisticated versus standard tech-
niques). The target of treatment with FOs was mostly re-
duction of forefoot plantar pressure or forefoot pain. A
medium effect for the (immediate) reduction of forefoot
plantar pressure was found in favor of treatment with
soft FOs compared to semi-rigid FOs. Other compari-
sons concerning characteristics of FOs or construction
methods resulted in non-significant effects or inconclu-
sive evidence for one type of FOs over the other for both
primary and secondary outcomes.
It is known that custom-made FOs are more effective

in reducing forefoot plantar pressure and pain than pla-
cebo FOs [9, 14]. However, the comparative effectiveness

has not yet been summarized. The findings of the
present study show that soft FOs may lead to more (im-
mediate) forefoot plantar pressure reduction than
semi-rigid FOs (based on a sample size of 28 partici-
pants). Pooled scores on foot pain showed no beneficial
effect of treatment with soft FOs over semi-rigid FOs.
This could possibly be explained by the already small
effects on foot pain of treatment with custom-made FOs
in general [9, 14], making the potential for demonstrat-
ing a beneficial effect between different types of custom-
made FOs difficult, especially in case of small sample
sizes. Cultural differences may also have contributed to
this result. The forest plot of the pooled pain scores
(Fig. 2b) shows inconsistent findings across the included
studies, for one type of FOs over the other. Four (out of
six) studies were performed in the Western parts of the
world and showed all a beneficial effect of semi-rigid
FOs over soft FOs [31, 34, 36, 37]. The other two studies
were performed in Asian countries and showed contrary
findings [33, 35]. It is not known whether differences in
body structure or shoe wearing habits could explain this
difference. Finally, an explanation could be that reduc-
tion of plantar pressure may not be the primary medi-
ator between FOs treatment and foot pain. For example,
the study of Hodge et al. (fair quality, 11 participants)
showed more forefoot plantar pressure reduction after
using soft FOs, but more pain reduction was reached by
using semi-rigid FOs [36]. To further clarify the mech-
anism behind the effect of FO’s, future research should
assess the kinematic and kinetic response to treatment
with FOs [41]. In RA patients with early and painful de-
formity of the rearfoot, correction of deformity and
optimization of function of the ankle joint complex were
detected by measuring three-dimensional kinematics by
using an electromagnetic tracking system after the
long-term use of custom-made FOs [42]. Further insight
in the kinematic and kinetic response to the use of FOs,
as well as the association with clinical outcomes in pa-
tients with RA and (fore-) foot problems is required. A
clinical trial on this topic is planned by researchers in
Denmark (ClinicalTrials.gov (accessed October 22th
2018); Trial Identifier NCT03561688).
More research on the comparative effectiveness of

FOs is necessary before firm conclusions can be drawn.
Overall, few high-quality studies with small sample sizes
were included in the present review. Due to a limited
number of studies investigating the outcomes of interest
most of the performed qualitative data-analyses resulted
in inconclusive evidence. For example, cost effectiveness
between different types of FOs was investigated in only
one included study (of high quality, 47 participants) [34].
Rome et al. found that custom-made, semi-rigid (total-
contact) FOs were far more expensive to manufacture
with no significant cost per Quality Adjusted Life Years
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(QALY) gain, in comparison to custom-made, soft FOs
[34]. Due to the included study designs, between-group
results of different types of FOs were presented in only a
part of the included studies. Some studies reported re-
sults of different kinds of FOs (with a presumed thera-
peutic effect) but were not designed to compare the
effect of those [31–33, 35–37]. These studies met our in-
clusion criteria, but provided limited information with
regard to the comparative effectiveness of the different
FOs. Furthermore, most of the included studies investi-
gated the immediate effect on foot pain or the immedi-
ate mode of action on plantar pressure/gait alteration (in
a laboratory setting instead of real-life). Future research
with a follow-up of > 6 months [10] is necessary. An ac-
climation period of wearing FOs, especially semi-rigid
FOs, is needed before the final result on pain will be
reached [10, 31]. Long-term follow-up is also needed to
identify the potential role of treatment with semi-rigid
FOs (aimed at controlling the position of the feet during
weight-bearing) in delaying progression of foot symp-
toms in patients with early RA [43–45].
The present study provides a first step in gaining

insight in the effectiveness of different FOs characteris-
tics. Future research could focus on the development of
practice recommendations for prescribing/designing FOs
with optimal characteristics for (delaying progression of )
specific RA-related foot problems. Therefore, definitive
high quality RCTs, with adequate sample sizes and
long-term follow-up, are needed to investigate the com-
parative (and cost-) effectiveness of different types of
FOs for the treatment of RA-related foot problems. In
anticipation of more up-to-date insights, prescribing
custom-made (total-contact) FOs constructed of a
semi-rigid shell with soft/cushioning material under-
neath the forefoot might be the most optimal approach
in the treatment of RA-related foot problems, as sug-
gested by recently published expert-based recommenda-
tions by our group [45]. The use of soft material
underneath the forefoot is supported by the results of the
present review. Furthermore, a stepped-care approach was
suggested [45]. Based on specific diagnostical outcomes
(conservative) stepped care for RA-related foot problems
can consist of; i) advice on-over-the-counter shoes, ii)
ready-made FOs, iii) custom-made FOs, and iv) therapeutic
shoes. Further research on this stepped-care approach is ne-
cessary. Gallaher et al. announced upcoming trial-evidence
on custom-made FOs versus ready-made FOs in patients
with RA, by publishing their study-protocol [46]. Moreover,
further development of sophisticated construction
methods may be important for uniformity and (cost-)
efficiency in designing custom-made FOs. Gibson et al.
[11] and Pallari et al. [38] showed that selective laser
sintering is a feasible method for manufacturing FOs
with a significant clinical potential.

This study has some limitations. First, publication bias
cannot be ruled out. The majority of the included stud-
ies were small-sample studies. Inspection of funnel plots,
however, showed limited evidence of publication bias.
Further, the search strategy did not include unpublished
literature, such as theses and conference proceedings. It
may be that not all studies carried out have actually been
published. Second, there is large heterogeneity in study
designs and outcome measures of the included studies.
Furthermore, variation may exist between FOs within
the different categories (concerning FOs characteristics
and construction methods). Third, due to the small evi-
dence base we chose to aggregate the outcome on foot
pain of studies with no or differing follow-up time
within meta-analyses. In a subgroup analysis, we studied
the impact of ≥1 month follow-up, showing no effect
(SMD 0.05, p > 0.05) on foot pain (Additional file 2).
Fourth, studies using placebo FOs were excluded in the
present review. However, the characteristics of placebo
FOs varied across these studies [47–50] indicating that
the definition of placebo FOs is not yet established.

Conclusions
Foot orthoses made of soft materials may lead to more
(immediate) forefoot plantar pressure reduction com-
pared to foot orthoses constructed of semi-rigid mate-
rials. Definitive high quality RCTs, with adequate sample
sizes and long-term follow-up, are needed to investigate
the comparative (cost-) effectiveness of different kinds of
foot orthoses for the treatment of foot problems related
to rheumatoid arthritis.

Additional files

Additional file 1: Search strategy. (PDF 84 kb)

Additional file 2: Forest plots of data pooling for the effect of semi-rigid
FOs versus soft FOs on pain in the subgroups: (a) custom-made FOs versus
ready-made FOs, (b) total-contact FOs versus non-total contact FOs, (c) fore-
foot region of interest, and (d) treatment effect after≥ 1month. (PDF 141 kb)

Additional file 3: Qualitative data-syntheses. (PDF 209 kb)

Additional file 4: Funnel plots for the comparison ‘semi-rigid FOs versus soft
FOs’ on the outcomes (a) foot pain and (b) physical functioning. (PDF 116 kb)

Abbreviations
95% CI: 95% Confidence Interval; CAD: Computer-Aided Design;
CAM: Computer-Aided Manufacturing; EVA: Etylene Vinyl Acetate; FFI: Foot
Function Index; FHSQ: Foot Health Status Questionnaire; FOs: Foot Orthoses;
HRQoL: Health Related Quality of Life; PEDRO scale: Physiotherapy Evidence
Database scale; PP: Peak Pressure; PRISMA: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; PTI: Pressure Time Integral;
QALY: Quality Adjusted Life Years; RA: Rheumatoid Arthritis; RAI: Ritchie
Articular Index; RB: Robinson Bashall Functional Assessment;
RCT: Randomized Controlled Trial; SMD: Standardized Mean Difference;
TADL: Toronto Activities of Daily Living Measure; VAS: Visual Analogue Scale

Acknowledgements
Not applicable.

Tenten-Diepenmaat et al. Journal of Foot and Ankle Research           (2019) 12:32 Page 14 of 16

https://doi.org/10.1186/s13047-019-0338-x
https://doi.org/10.1186/s13047-019-0338-x
https://doi.org/10.1186/s13047-019-0338-x
https://doi.org/10.1186/s13047-019-0338-x


Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
All authors (MTD, JD, MWH, LDR, TPMVV and MvdL) had a substantial contribution
to study conception and design. MTD and MvdL performed data acquisition. All
authors had a substantial contribution to analysis and interpretation of data, and
drafting the article or revising it critically for important intellectual content. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The first author (MTD) declares to have a podiatry practice and to have a
cooperation with a company in producing therapeutic shoes. Both companies
may potentially benefit from, or be harmed by, publication of the results of the
study. The co-authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Amsterdam Rehabilitation Research Center | Reade, Amsterdam, the
Netherlands. 2Department of Rehabilitation Medicine, Amsterdam UMC, Vrije
Universiteit Amsterdam, Amsterdam, the Netherlands. 3Amsterdam Public
Health research institute, Amsterdam UMC, Amsterdam, the Netherlands.
4Department of Epidemiology and Biostatistics, Amsterdam Public Health
research institute, Amsterdam University Medical Centers, Amsterdam, the
Netherlands. 5Department of Orthopaedics, Rehabilitation and Physical
Therapy, Leiden University Medical Center, Leiden, the Netherlands.

Received: 5 February 2019 Accepted: 30 April 2019

References
1. van der Leeden M, Steultjens MP, Ursum J, Dahmen R, Roorda LD,

Schaardenburg DV, et al. Prevalence and course of forefoot impairments
and walking disability in the first eight years of rheumatoid arthritis. Arthritis
Rheum. 2008;59:1596–602.

2. Otter SJ, Lucas K, Springett K, Moore A, Davies K, Cheek L, et al. Foot pain in
rheumatoid arthritis prevalence, risk factors and management: an
epidemiological study. Clin Rheumatol. 2010;29:255–71.

3. Grondal L, Tengstrand B, Nordmark B, Wretenberg P, Stark A. The foot: still
the most important reason for walking incapacity in rheumatoid arthritis:
distribution of symptomatic joints in 1,000 RA patients. Acta Orthop. 2008;
79:257–61.

4. Rome K, Gow PJ, Dalbeth N, Chapman JM. Clinical audit of foot problems in
patients with rheumatoid arthritis treated at counties Manukau District
health board, Auckland. New Zealand J Foot Ankle Res. 2009;2:16.

5. Otter SJ, Lucas K, Springett K, Moore A, Davies K, Young A, et al.
Comparison of foot pain and foot care among rheumatoid arthritis patients
taking and not taking anti-TNFalpha therapy: an epidemiological study.
Rheumatol Int. 2011;31:1515–9.

6. Wickman AM, Pinzur MS, Kadanoff R, Juknelis D. Health-related quality of life
for patients with rheumatoid arthritis foot involvement. Foot Ankle Int.
2004;25:19–26.

7. van der Leeden M, Steultjens M, Dekker JH, Prins AP, Dekker J. The
relationship of disease duration to foot function, pain and disability in
rheumatoid arthritis patients with foot complaints. Clin Exp Rheumatol.
2007;25:275–80.

8. Marsman AF, Dahmen R, Roorda LD, van Schaardenburg D, Dekker J,
Britsemmer K, et al. Foot-related health care use in patients with

rheumatoid arthritis in an outpatient secondary care center for
rheumatology and rehabilitation in The Netherlands: a cohort study with a
maximum of fifteen years of followup. Arthritis Care Res (Hoboken). 2013;65:
220–6.

9. Hennessy K, Woodburn J, Steultjens MP. Custom foot orthoses for
rheumatoid arthritis: a systematic review. Arthritis Care Res (Hoboken). 2012;
64:311–20.

10. Woodburn J, Barker S, Helliwell PS. A randomized controlled trial of foot
orthoses in rheumatoid arthritis. J Rheumatol. 2002;29:1377–83.

11. Gibson KS, Woodburn J, Porter D, Telfer S. Functionally optimized orthoses
for early rheumatoid arthritis foot disease: a study of mechanisms and
patient experience. Arthritis Care Res (Hoboken). 2014;66:1456–64.

12. Riskowski J, Dufour AB, Hannan MT. Arthritis, foot pain and shoe wear:
current musculoskeletal research on feet. Curr Opin Rheumatol. 2011;23:
148–55.

13. Brooks F, Hariharan K. The rheumatoid forefoot. Curr Rev Musculoskelet
Med. 2013;6:320–7.

14. Conceicao CS, Gomes Neto M, Mendes SM, Sa KN, Baptista AF. Systematic
review and meta-analysis of effects of foot orthoses on pain and disability
in rheumatoid arthritis patients. Disabil Rehabil. 2015;37:1209–13.

15. Grifka JK. Shoes and insoles for patients with rheumatoid foot disease. Clin
Orthop Relat Res. 1997;340:18–25.

16. Gijon-Nogueron G, Ramos-Petersen L, Ortega-Avila AB, Morales-Asencio JM,
Garcia-Mayor S. Effectiveness of foot orthoses in patients with rheumatoid
arthritis related to disability and pain: a systematic review and meta-analysis.
Qual Life Res. 2018;27(12):3059-3069.

17. Chapman LS, Redmond AC, Landorf KB, Rome K, Keenan AM, Waxman R, et
al. Foot orthoses for people with rheumatoid arthritis: a survey of
prescription habits among podiatrists. J Foot Ankle Res. 2019;12:7.

18. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and
elaboration. Bmj. 2009;339:b2700.

19. Herbert RD. How to estimate treatment effects from reports of clinical trials.
I: Continuous outcomes. Aust J Physiother. 2000;46:229–35.

20. van der Leeden M, Steultjens MPM, Terwee CB, Rosenbaum D, Turner D,
Woodburn J, et al. A systematic review of instruments measuring foot
function, foot pain, and foot-related disability in patients with rheumatoid
arthritis. Arthritis Rheum. 2008;59:1257–69.

21. Foley NC, Bhogal SK, Teasell RW, Bureau Y, Speechley MR. Estimates of
quality and reliability with the physiotherapy evidence-based database scale
to assess the methodology of randomized controlled trials of
pharmacological and nonpharmacological interventions. Phys Ther. 2006;86:
817–24.

22. Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of
the PEDro scale for rating quality of randomized controlled trials. Phys Ther.
2003;83:713–21.

23. de Morton NA. The PEDro scale is a valid measure of the methodological
quality of clinical trials: a demographic study. Aust J Physiother. 2009;55:
129–33.

24. Elkins MR, Moseley AM, Sherrington C, Herbert RD, Maher CG. Growth in the
physiotherapy evidence database (PEDro) and use of the PEDro scale. Br J
Sports Med. 2013;47:188–9.

25. Physiotherapy Evidence Database: PEDro scale http://www.pedro.org.au/
english/downloads/pedro-scale. Accessed 24 Sept 2018.

26. Teasell R, Foley N, Salter K, Bhogal S, Jutai J, Speechley M. Evidence-based
review of stroke rehabilitation: executive summary, 12th edition. Top Stroke
Rehabil. 2009;16:463–88.

27. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7:177–88.

28. Sullivan GM, Feinn R. Using effect size-or why the P value is not enough. J
Grad Med Educ. 2012;4:279–82.

29. The R Project for Statistical Computing: R: A language and environment for
statistical computing. https://www.R-project.org/. Accessed 18 Oct 2018.

30. Ariens GA, van Mechelen W, Bongers PM, Bouter LM, van der Wal G.
Physical risk factors for neck pain. Scand J Work Environ Health. 2000;
26:7–19.

31. Chalmers AC, Busby C, Goyert J, Porter B, Schulzer M. Metatarsalgia and
rheumatoid arthritis--a randomized, single blind, sequential trial
comparing 2 types of foot orthoses and supportive shoes. J Rheumatol.
2000;27:1643–7.

Tenten-Diepenmaat et al. Journal of Foot and Ankle Research           (2019) 12:32 Page 15 of 16

http://www.pedro.org.au/english/downloads/pedro-scale
http://www.pedro.org.au/english/downloads/pedro-scale
https://www.r-project.org/


32. Jackson L, Binning J, Potter J. Plantar pressures in rheumatoid arthritis using
prefabricated metatarsal padding. J Am Podiatr Med Assoc. 2004;94:239–45.

33. Cho NS, Hwang JH, Chang HJ, Koh EM, Park HS. Randomized controlled trial
for clinical effects of varying types of insoles combined with specialized
shoes in patients with rheumatoid arthritis of the foot. Clin Rehabil. 2009;23:
512–21.

34. Rome K, Clark H, Gray J, McMeekin P, Plant M, Dixon J. Clinical effectiveness
and cost-effectiveness of foot orthoses for people with established
rheumatoid arthritis: an exploratory clinical trial. Scand J Rheumatol. 2017;
46:187–93.

35. Chang BC, Wang JY, Huang BS, Lin HY, Lee WC. Dynamic impression insole
in rheumatoid foot with metatarsal pain. Clin Biomech (Bristol, Avon). 2012;
27:196–201.

36. Hodge MC, Bach TM, Carter GM. novel Award First Prize Paper. Orthotic
management of plantar pressure and pain in rheumatoid arthritis. Clin
Biomech (Bristol, Avon). 1999;14:567–75.

37. Gatt A, Formosa C, Otter S. Foot orthoses in the management of chronic
subtalar and talo crural joint pain in rheumatoid arthritis. Foot (Edinb). 2016;
27:27–31.

38. Pallari JH, Dalgarno KW, Woodburn J. Mass customization of foot orthoses
for rheumatoid arthritis using selective laser sintering. IEEE Trans Biomed
Eng. 2010;57:1750–6.

39. Tenten-Diepenmaat M, Dekker J, Steenbergen M, Huybrechts E, Roorda LD,
van Schaardenburg D, et al. In-shoe plantar pressure measurements for the
evaluation and adaptation of foot orthoses in patients with rheumatoid
arthritis: a proof of concept study. Gait Posture. 2016;45:45–50.

40. Wechalekar MD, Lester S, Hill CL, Lee A, Rischmueller M, Smith MD, et al.
Active foot synovitis in patients with rheumatoid arthritis: unstable
remission status, radiographic progression, and worse functional outcomes
in patients with foot synovitis in apparent remission. Arthritis Care Res
(Hoboken). 2016;68:1616–23.

41. Baan H, Dubbeldam R, Nene AV, van de Laar MA. Gait analysis of the lower
limb in patients with rheumatoid arthritis: a systematic review. Semin
Arthritis Rheum. 2012;41:768–88 e8.

42. Woodburn J, Helliwell PS, Barker S. Changes in 3D joint kinematics support
the continuous use of orthoses in the management of painful rearfoot
deformity in rheumatoid arthritis. J Rheumatol. 2003;30:2356–64.

43. van der Leeden M, Fiedler K, Jonkman A, Dahmen R, Roorda LD, van
Schaardenburg D, et al. Factors predicting the outcome of customised foot
orthoses in patients with rheumatoid arthritis: a prospective cohort study. J
Foot Ankle Res. 2011;4:8.

44. Woodburn J, Hennessy K, Steultjens MP, McInnes IB, Turner DE. Looking
through the 'window of opportunity': is there a new paradigm of podiatry
care on the horizon in early rheumatoid arthritis? J Foot Ankle Res. 2010;3:8.

45. Tenten-Diepenmaat M, van der Leeden M, Vliet Vlieland TPM, Dekker J.
Multidisciplinary recommendations for diagnosis and treatment of foot
problems in people with rheumatoid arthritis. J Foot Ankle Res. 2018;11:37.

46. Gallagher KS, Godwin J, Hendry GJ, Steultjens M, Woodburn J. A protocol
for a randomised controlled trial of prefabricated versus customised foot
orthoses for people with rheumatoid arthritis: the FOCOS RA trial [foot
orthoses - customised v off-the-shelf in rheumatoid arthritis]. J Foot Ankle
Res. 2018;11:24.

47. Conrad KJ, Budiman-Mak E, Roach KE, Hedeker D, Caraballada R, Burks D, et
al. Impacts of foot orthoses on pain and disability in rheumatoid arthritics. J
Clin Epidemiol. 1996;49:1–7.

48. Budiman-Mak E, Conrad KJ, Roach KE, Moore JW, Lertratanakul Y, Koch AE,
et al. Can foot orthoses prevent hallux valgus deformity in rheumatoid
arthritis? A randomized clinical trial. J Clin Rheumatol. 1995;1:313–22.

49. Novak P, Burger H, Tomsic M, Marincek C, Vidmar G. Influence of foot
orthoses on plantar pressures, foot pain and walking ability of rheumatoid
arthritis patients--a randomised controlled study. Disabil Rehabil. 2009;31:
638–45.

50. Moreira E, Jones A, Oliveira HA, Jennings F, Fernandes A, Natour J.
Effectiveness of insole use in rheumatoid feet: a randomized controlled trial.
Scan J Rheumatol. 2016;45:363–70.

Tenten-Diepenmaat et al. Journal of Foot and Ankle Research           (2019) 12:32 Page 16 of 16


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Protocol and registration
	Eligibility criteria
	Types of studies
	Types of participants
	Type of intervention and comparisons
	Type of outcomes

	Information sources, search and study selection
	Data collection process, data items and summary measures
	Methodological quality of individual studies
	Data synthesis

	Results
	Study selection
	Characteristics of included studies
	Methodological quality of included individual studies
	Comparisons in treatment with FOs
	Characteristics of FOs
	Comparative effectiveness of semi-rigid FOs versus soft FOs
	Comparative effectiveness of FOs with metatarsal bars versus FOs with metatarsal domes

	Construction method for FOs
	Comparative effectiveness of selective laser sintered FOs versus standard custom-made FOs


	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

