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Abstract

Background This systematic review and meta-analysis examined the effectiveness of orthoses for flexible flatfeet in
terms of patient-reported outcomes in children and adults.

Methods EMBASE, Medline (OvidSP), Web-of-Science, Scopus, CINAHL, Cochrane Central Register of Controlled
Clinical Trials, i.e., Cochrane Centraland Pubmed were searched to identify relevant studies since their inception up
to February 2021. We included randomized controlled trials (RCT) and prospective studies in which patient reported
outcomes at baseline and follow-up in an orthoses group were compared with a no orthoses or sham sole group.
Methodological quality of the studies was assessed using the Revised Cochrane risk-of-bias tool for randomized trials
(RoB 2) and the Risk Of Bias In Non-Randomized Studies of Interventions (ROBINS-I). A meta-analysis was performed
where there were multiple studies with the same outcome measures, which was the case for the Visual Analogue
Scale (VAS) for pain in adults.

Results In total nine studies were included: four RCT in children (N=353) and four RCT and one prospective study
in adults (N=268) were included. There was considerable heterogeneity between studies. A meta-analysis demon-
strated that pain reduction between baseline and follow-up was significantly larger in the orthoses (N=167) than in
the control groups in adults (N=157; — 4.76, 95% Cl [— 9.46, — 0.06], p0.05).

Conclusion Due to heterogeneity in study designs, we cannot conclude that foot orthoses are useful for flexible
flatfoot in children and adults. However, based on the meta-analysis orthoses might be useful in decreasing pain in
adults.
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Introduction

Flatfoot is a usually asymptomatic condition of a lower
medial arch of the foot. In literature, different defini-
tions are used, and yet, there is no universal accepted
definition. There are two types of flatfeet: flexible and
rigid. In contrast with flexible flatfeet, the rigid type is
less common. Rigid flatfeet account for less than 1% of
the population [1], are characterized by a lowered arch
both weightbearing and non-weightbearing [2], and
foot orthoses probably have little effect because of the
limited range of motion. The rigid deformity is outside
of scope in this study.

Flatfoot can be influenced by multiple congenital and
acquired factors [3]. The etiology differs between chil-
dren and adults. Normal development of the foot in
children is associated with physiological flatfoot [4].
Most babies are flatfooted and the arch elevates spon-
taneously in the first decade [5]. Flatfeet are identified
as present in 54% of 3-year-olds and 26% of 6-year-olds
[1]. “Children have a flatter foot structure due to imma-
turity of complex bone, soft tissue and neurological
function which reduces over the first decade of life [6].
Prevalence in older adults has been reported to reach
19% [7].

Foot orthoses are frequently prescribed in daily prac-
tice for symptomatic flexible flatfeet. However, some
studies suggest that using orthoses for asymptomatic
flexible flatfeet is unnecessary [1], reporting that whilst
10% of American children with flatfeet are treated with
orthotics, only 1-2% were shown to be symptomatic [1].
Adults with symptomatic flexible flatfeet are frequently
treated with foot orthoses [8—11]. However, in multiple
systematic reviews the literature on the effect of foot
orthoses for symptomatic flatfeet is controversial, likely
due to the high heterogeneity between studies [8, 12,
13]. Despite the concerns regarding the efficacy of foot
orthoses for flexible flat feet, it is understood that peo-
ple with flat feet can have a functional deficit. Compared
to normal feet, children with flexible flatfeet score lower
quality of life. This is seen in an prospective, observa-
tional study [14]. It is seen that even though parents
may overestimate the severity of their child’s impair-
ment, children with flexible flatfeet do have significantly
impaired quality of life-score when compared to children
with normal feet [15]. Thereby, results of another study
showed significant differences in improvement between
asymptomatic versus symptomatic flatfeet in children in
terms of kinematics [16].

It is important to establish the effectiveness of orthoses
because the large number of orthosis prescriptions
worldwide has a major impact on healthcare costs. In
Germany e.g., about five million people, which is about
8% of the population, were prescribed foot orthoses on
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indication. Consequently, in the year 2019, the costs for
the statutory health insurance increased by 466.6 million
euros, just because of these prescriptions [17, 18]. More-
over, evidence of a potential positive or negative effect of
orthoses on flatfeet can be used in the orthopedic clinic
as an argument to improve treatment of patients with
flatfeet.

In previous systematic reviews, kinematic and radio-
logical measurements were mainly used as outcome
measures [13, 19, 20]. Some systematic reviews included
studies without a control group or patients without
symptoms or without follow-up [17, 21, 22]. One sys-
tematic review included stage 1 adult-acquired flatfoot,
which is a precursor to visible changes in foot alignment
[23]. In order to obtain valid evidence on the clinical
effectiveness of orthoses from a patient perspective and
subsequently improve evidence-based medicine in rou-
tine orthopedic practice for both children and adults with
symptomatic flatfeet, a systematic examination of studies
reporting patient-reported outcome measures (PROMs)
that includes an appropriate control group is warranted.
Our review is not the first systematic review relating to
flatfoot to focus on PROMs rather than objective meas-
ures. This is, however, the first systematic review includ-
ing only studies about patients with flexible flatfeet where
patient-reported outcomes were measured at both base-
line and follow up moments, and a control group without
orthoses or sham soles was included.

This systematic review and meta-analysis examines
the effect of orthoses for symptomatic flexible flatfeet in
terms of PROMs in children and adults. By focusing on
PROMS, this systematic review includes broader aspects
of health, as described by the ICF framework, than the
previous studies which focused on body structures and
functions (i.e. radiological and kinematic outcome [13,
20, 24]). Moreover, many clinicians prescribing foot
orthoses are more likely to use PROMs and pain scales,
than radiological and kinematic outcomes [25, 26] Thus,
the results of this review will be more useful for these
clinicians.

Methods

We adhered to the standard guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) [27]. The protocol for this systematic
review with meta-analysis was registered in Research
Square, but not published in a peer-reviewed jour-
nal. There were no deviations from an a prior protocol
throughout the methods.

Inclusion and exclusion criteria
Randomized controlled trials and prospective stud-
ies were included if the study (1) compared orthoses
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in adults or children with sham soles or no orthoses in
both male and female adults or children with flexible
flatfeet. For children, all ages (0—18years) were included;
(2) evaluated any patient-reported outcome at baseline
and after treatment with a follow-up of at least 2 weeks
as the minimum follow-up deemed reasonable to deter-
mine any effect of wearing orthoses. All patient-reported
outcomes that addressed the effectiveness of orthoses for
flexible flatfeet and were measured at two different time
points before and after intervention were considered
eligible; (3) had full text available; (4) was published in
English, Dutch or German. Studies concerning patients
with neuromuscular or systemic diseases were excluded.
Studies comparing with flatfeet with tape were excluded.
Dissertations, master theses, abstracts from conference
proceedings, commentaries, comments, editorials, case
reports, reviews, letters, guidelines and protocols were
also excluded.

Information sources

Electronic databases (EMBASE, Medline (OvidSP), Web-
of-Science, Scopus, CINAHL, Cochrane Central Register
of Controlled Clinical Trials, i.e., Cochrane Central.and
Pubmed) were systematically searched for relevant stud-
ies since their inception up to February 2021. In addi-
tion, reference lists of included articles were screened
for eligible studies that were not found in the electronic
databases. We used the mean differences in VAS-score,
the information was taken per article to calculate the
mean differences. In some studies the mean differences
in VAS was presented. Some studies (see table 1 column
‘outcome measurement’ used other outcomes for pain,
for example, yes/no in Whitford 2007, we could not use
these outcomes for our calculation). Article titles, key-
words, and abstracts were searched for the following key-
words and their synonyms: flatfoot AND orthoses. All
search strategies in the databases are specified in Supple-
mentary data 1.

Study selection

The information specialist of our hospital supervised per-
forming the search. One reviewer (NO) conducted the
searches (using Refworks Proquest), examined article
titles and abstracts for eligibility and screened full texts
of potential studies to determine final eligibility for inclu-
sion in this review and meta-analysis (Fig. 1). Uncertainty
concerning inclusion of studies was solved in a single
consensus meeting. Secondly, all included studies were
reviewed for agreement by a second reviewer (CP).

Risk of Bias assessment
Two authors (NO and CP) independently assessed the
methodological quality of each included study using the
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Revised Cochrane risk-of-bias tool (RoB 2) for rand-
omized trials and the Risk Of Bias In Non-Randomized
Studies - of Interventions (ROBINS-I) for prospec-
tive cohort studies [37, 38]. All quality criteria domains
were rated as “low risk’, “some concerns’, or “high risk”
by answering the corresponding questions and following
the algorithm for judgment (Fig. 2). Disagreements were
solved by consensus. In case of persistent disagreement, a
third reviewer was consulted (IN).

Data extraction

One author (NO) extracted the data of the included stud-
ies in Refworks Proquest. Information was collected on
study design, study population, measuring method for
pes planus, types of orthoses, PROMs, follow-up period,
and results.

Presentation

Meta-analyses using a random-effects model was per-
formed if there were multiple articles — or subgroups
within articles — in which the same PROM was used [39].
Outcome data of children and adult articles were not
combined in the meta-analysis because of the difference
in etiology of flexible symptomatic flatfeet.

When standard deviations were not provided in the
article, the range split by four was used as standard devia-
tion [40]. The I? statistic was calculated to determine
the percentage of variation across studies that is due to
heterogeneity rather than chance. Data analysis was per-
formed with Review Manager (Revman) version 5.4.1
[39]. P<0.05 was considered significant.

Results

Study inclusion

The initial search identified 4629 potentially relevant
studies. After removing duplicates, titles and abstracts
of 2579 articles were screened (Fig. 1). A total of nine
studies met all eligibility criteria: four RCTs in chil-
dren and four RCTs and one prospective study in adults
(Table 1) [28-36]. In supplementary data 2, a reference
list of all studies that underwent full-text review but were
excluded, including the reasons for exclusion after each
references, is presented.

Risk of bias in studies

Three RCTs were classified as low risk of bias, five RCTs
as high risk of bias. The only prospective study was quali-
fied as “some concerns” (Fig. 2). The methodological
shortcomings of the RCTs mainly concerned domain 4
(measurement of the outcome). Domain 1 (randomiza-
tion process) was scored best with six studies as “low
risk” and two studies as “some concerns’, followed by
domain 2 (deviations from the intended interventions)
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Identification of studies via databases and registers

Records indentified from
databases:

EMBASE (n=1019), Medline
(Ovid SP) (n=564), Web-Of-
Science (n=528), Scopus
(n=648), CINAHL (n=596),
Cochrane (n=116), Pubmed
(n=1158), total n=4629
Records indentified from
registers: (n=0)

Records screened (n=2579)
v
Reports sought for retrieval (n=27)

v

Reports assessed for eligibility
(n=27)

Total studies included in review
(n=9)

—>

—

Records removed before screening:

—— Duplicate records removed (n=2050)

Records excluded (n=2552):

No patients with flexible flatfeet
No intervention with orthoses
No patient-repored outcomes

— Reports not retrieved (n=0)

Total reports excluded (n=18):
No patient-reported outcomes at
baseline and after follow-up for
intervention and control group
No control group with flexible
flatfeet
No control group with sham soles
or without orthoses
Tape as control group

Fig. 1 Study selection. Nine studies were included in the systematic review, four of them on children and five on adults

and domain 5 (selection of the reported results), where
six studies scored “low risk” and two studies were judged
as “some concerns”.

Study characteristics

The sample size of the included studies on the effective-
ness of orthoses for flatfeet in children ranged from 52
to 160. Studies on the effectiveness in adults had sample
sizes of 24 to 70 participants. Mean age of children and
adults per study ranged from 6.2 to 9.5years (weighted
mean 8.8) and 21.1 to 50.5years (weighted mean 34.8),
respectively. The percentage of male in the studies about
adults ranged from 19 to 94%, whereas male percent-
age in the studies about children ranged from 50 to 59%.
Patient recruitment varied widely between the child stud-
ies (Table 1). One study recruited children in primary and
secondary school [28], one in a rehabilitation outpatient
clinic [29], another in an orthopedic outpatient clinic
[30], and the last child study recruited among the gen-
eral population via media and pamphlets [31]. Only one
of these studies assessed patient compliance. Compliance
with the treatment protocol was reported to be nearly
100% and was similar between the intervention and the
control group [31]. Four adult studies recruited patients

in outpatient rehabilitation clinics [33-36] and one study
recruited patients in an outpatient orthopedic clinic [32].
The study populations included in the adult studies var-
ied: three studies included the general patient population
with symptomatic flexible flatfeet [32, 35, 36], the other
two included only Air Force recruits [33] or runners [34].
Most studies specifically included patients with symp-
tomatic flatfeet (Table 1). Only one of the adult studies
measured patient compliance and reported that only half
of the subjects in the orthoses group wore their orthosis
most of the time or always [33]. Methods of measuring
flatfeet varied between studies; most researchers used
arch indexes, the Navicular Drop Test or the (Modified)
Foot Posture Index as diagnostic method. The follow-up
in the studies with children ranged from 3 months [29] to
at least 2 years [30], and in the studies with adults from 3
weeks [34] to 1 year [32].

None of the child studies used sham soles as control
group, whereas two out of five adult studies did [34,
36]. No other studies had insoles as control group. The
nine studies had in total eleven intervention groups with
orthoses, since there were two adult studies with both
prefabricated orthoses and customized orthoses groups
[31, 36]. These were all medial wedged internal orthoses.
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. Low risk
!

Some concerns

. High risk
Tool: RoB 2
D1 Randomisation process
D2 Deviations from the intended interventions
D3 Missing outcome data
D4 Measurement of the outcome
D5 Selection of the reported result
Overall Tool: ROBINS-I

! D1 Bias due to confounding
D2 Bias in selection of participants into the study
D3 Bias in classification of intervention
D4 Bias due to deviations from intended interventions
D5 Bias due to missing data
D6 Bias in measurement of outcomes
D7 Bias in selection of the reported result
D8 Overall bias

Fig. 2 Quality assessment domains. RCTs are evaluated with the Cochrane RoB tool and the prospective study is evaluated with the Cochrane

ROBINS-I tool

One child study and one adult study had an intervention
group that used prefabricated orthoses [31, 36]. Three
child studies and two adult studies had an intervention
group that used custom-made orthoses [29-32, 36], of
which one adult study used Computer Aided Design-
Computer Aided Manufacturing (CAD-CAM) to design
the orthoses [36]. One child study and three adult studies
did not specify whether the orthosis were prefabricated
or customized [28, 33—35]. Materials for orthoses were
thermoplastic [30, 31, 33, 35], ethylene-vinyl acetates
(EVA) [29, 32, 34, 36], and rubber [28].

Only one study controlled the analysis of orthoses’
effectiveness for physiotherapy as a potential con-
founder by splitting both the orthoses group and the
no-orthoses group into a physiotherapy and no-physio-
therapy group [32].

Patient-reported outcome measures in children

Effectiveness of orthoses was mainly measured in
terms of pain reduction. In one RCT it was shown that
the orthoses group experienced significantly less pain,

expressed as VAS score reduction over a follow-up period
of 1 year, compared to no orthoses (p<0.05) [28]. Step
length, physical cost index (PCI), stride length, cadence,
and velocity were also measured in addition to pain. An
improvement in walking efficiency was seen based on
these parameters.

In another RCT, that used the American Orthopaedic
Foot and Ankle Score (AOFAS) for patients’ forefoot,
midfoot, and hindfoot as outcome measure, the orthoses
group also had significantly less pain during 2 years
follow-up in all foot areas (all p<0.01), whereas the no-
orthoses control group only showed significantly reduced
pain in the forefoot [30]. A significant difference between
pain reduction in the orthoses and control groups was
reported for the midfoot and forefoot (p <0.05). Multiple
angles were measured on X-ray. A correlation between
the calcaneal pitch angle and the lateral talocalcaneal
angle with the AOFAS hindfoot score was found.

When motor proficiency, presence of pain (yes/no),
exercise efficiency (measured as maximal oxygen uptake
by VO, max), and self-perception were used as pri-
mary outcome measures in a study with customized,
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prefabricated orthoses and no-orthoses control groups,
no difference between these groups was observed after
3 months and after 1 year follow-up [31]. In this RCT,
the authors used the Self Perception Profile for Children
because of the suggestion that foot orthoses might be
embarrassing for children.

In the fourth RCT, physical activity (10-m normal and
fast walking, stair ascent, stair descent, and chair rising),
physical function, and psychometric properties (Pedi-
atric Outcome Data Collection Instrument for evaluat-
ing pain/comfort and happiness and Pediatric Quality
of Life Inventory) were evaluated at baseline and at 3
months follow-up. The intervention group showed sig-
nificant improvement in all outcomes compared to the
no-orthoses group (p <0.05) [29].

Patient-reported outcome measures in adults

Four RCTs and one prospective study in adults were
included in this systematic review. Three studies used
visual analogue scale (VAS) scores as outcome measure.
One RCT included patients with excessive pronation
and chronic foot pain (mean duration of pain=7.2years)
[32]. Participants were randomized into an orthoses
group, an exercise program group, an orthoses with exer-
cise program group, and a control group, which received
a folder with exercises. Pain intensity was assessed during
resting, walking, and running. There was significant pain
reduction during walking within all four groups between
baseline and at 4 and 12 months follow-up. No significant
differences could be found between the groups [32].

Another RCT examined the immediate and short-term
effects of foot orthoses during a 60-minute running test
in pronated-foot runners with overuse knee or foot pain
during running [34]. VAS score decreased significantly in
the orthoses group after a 2-week treatment (p <0.01) but
did not decrease in the sham sole group.

An 8-week follow-up study with three groups — CAD-
CAM, conventional, and sham soles — also reported sig-
nificantly less pain using VAS in both orthoses groups
after treatment compared to the sham soles group
(»<0.05) [36]. All groups scored significantly higher on
physical health (SF-36). The mental health domain of
the SF-36 did not show a significant difference between
the groups. The Foot Function Index (FFI) showed sig-
nificantly better outcomes for the conventional orthoses
group (p <0.001) compared to the sham sole group.

The study population of the fourth RCT consisted of
Air Force recruits. In this study population there was no
significant difference in “lower limb pain in the previous
24 hours’, nor in the questionnaires General Foot Health
(GFHQ), Quality of life (WHOQOL), or Physical health
(WHOQOL) between the orthoses and the no-orthoses
groups [33].
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The only prospective study included found a significant
improvement in the orthoses group, external shoe modi-
fication group, and pes planus exercise group after treat-
ment of 3 months in terms of foot pain, FFI, and quality
of life (p<0.05). There were no differences between the
groups [35].

Meta-Analysis: Visual Analogue Scale

Because of the heterogeneity in outcome measures used
in the included studies, we could only perform a meta-
analysis of the three adult RCTs that used VAS scores as
outcome measure (Fig. 3). Analyses were stratified for the
conditions in which VAS scores were measured: resting,
walking, and running. Pain reduction between baseline
and follow-up in the orthoses groups was significantly
larger than in the control groups when resting (—9.46,
95% CI [—16.50, —2.42], p<0.001) and when walking
(—6.26, 95% CI [—8.93, —3.61], p<0.001). Pain reduc-
tion was not significantly different between the orthoses
and control groups during running (2.96, 95% CI [— 5.33,
11.24], p=0.48). The I’s indicated considerable inconsist-
ency in the resting (I* =88%) and running (I*=78%) cat-
egories. The 95% prediction interval was — 90,93 to 81,41
(supplementary data 4). The GRADE score for pain (in
VAS) was rated as a low certainty score (supplementary
data 5). Overall, a significant difference in pain reduction
was found between the orthoses groups and the control
groups (—4.76, 95% CI [— 9.46, — 0.06], p0.05).

Discussion

Overall findings

The aim of this systematic review was to examine the
effectiveness of orthoses for symptomatic flexible flat-
feet in terms of patient-reported outcome measures
compared to no orthoses or sham soles in children and
adults. Three of the four included RCTs in children with
no orthoses as control group found that improvements
in PROMs were significantly higher in the orthoses than
in the control groups [28, 30, 34]. The only study not to
specifically include symptomatic participants did not
find any differences between the groups [31]. Of the five
included adult studies, two RCTs compared orthoses
with sham soles and reported significantly higher PROM
improvement in the orthoses group compared to the
control group [34, 36]. The only prospective study, in
which participants could choose between two differ-
ent types of orthoses or an exercise program, noted
improvement in all PROMs in all groups, with no sig-
nificant differences observed between groups [35]. The
remaining two adult RCTs also reported no significant
difference between the intervention and control groups
[32, 33]. The difference in effectiveness of orthoses
reported by the included studies could not be explained
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Orthoses No orthoses Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

1.1.1 Resting

Andreasen 2013 (1) -11.4 5.575 20 -6.8 5.5 14  13.1% -4.60 [-8.38, -0.82] —_—

Andreasen 2013 (2) -6 2 17 -4.7 3.5 19 14.0% -1.30[-3.14, 0.54] -

Yurt 2019 (3) -31.43 17.835 22 -12.09 18.845 23 8.2% -19.34[-30.06, -8.62] ——————

Yurt 2019 (4) -33.27 16.82 22 -12.09 18.845 23 8.4% -21.18[-31.61, -10.75]

Subtotal (95% CI) 81 79 43.7% -9.46 [-16.50, -2.42] -l

Heterogeneity. Tau? = 39.28; Chi? = 24.52, df = 3 (P < 0.0001); I* = 88%

Test for overall effect: Z = 2.63 (P = 0.008)

1.1.2 Walking

Andreasen 2013 (5) -17 7.5 20 -12.5 7.65 14  12.2% -4.50[-9.68, 0.68] —

Andreasen 2013 (6) -18.6 5.2 17 -11.7 4.15 19 13.5% -6.90 [-10.00, -3.80] —

Subtotal (95% CI) 37 33 25.7% -6.27 [-8.93, -3.61] L 2

Heterogeneity. Tau? = 0.00; Chi® = 0.61, df = 1 (P = 0.44); I* = 0%

Test for overall effect: Z = 4.62 (P < 0.00001)

1.1.3 Running

Andreasen 2013 (7) -5.4 4.3 17 -14 6.1 19 13.3% 8.60[5.18, 12.02] —

Andreasen 2013 (8) -18.3 6.15 20 -23.1 10.375 14 11.6% 4.80[-1.27, 10.87] T

Shih 2011 (9) -23.2 17.4 12 -8.8 20.45 12 5.7% -14.40 [-29.59, 0.79] —_————

Subtotal (95% CI) 49 45  30.6% 2.96 [-5.33, 11.24] et

Heterogeneity. Tau? = 37.70; ChiZ = 8.96, df = 2 (P = 0.01); I? = 78%

Test for overall effect: Z = 0.70 (P = 0.48)

Total (95% CI) 167 157 100.0% -4.76 [-9.46, -0.06] e

Heterogeneity: Tau? = 40.24; ChiZ = 80.11, df = 8 (P < 0.00001); > = 90% _2‘0 _io 120 2%0

Test for overall effect: Z = 1.98 (P = 0.05)
Test for subgroup differences: Chi2 = 5.44, df = 2 (P = 0.07), I> = 63.2%
Footnotes

(1) No exercise program

(2) Exercise program

(3) CADCAM orthoses

(4) Conventional orthoses

(5) No exercise program

(6) Exercise program

(7) Exercise program

(8) No exercise program

(9) VAS during the 60-minute treadmill test

Favours orthoses Favours no orthoses

Fig. 3 Pain outcomes (VAS) reported when comparing foot orthoses vs no orthoses/sham insoles group in adults and children with flexible flat
feet. Pain reduction between baseline and follow-up in the orthoses groups was significantly larger than in the control groups during resting and
walking as well as between all groups. No significant difference was seen in the running subgroup

by differences in study design, population, follow-up, or
any of the other parameters presented in the studies. It
is therefore difficult to draw any firm conclusions. This
finding corresponds with two recently published reviews;
in children, low to very low-certainty studies show that
the effect of customized- or prefabricated foot orthoses
on pain (in VAS), function and Health-Related Quality
of Life is uncertain [41]. Whereas a systematic review on
adults flatfoot also reported that no firm conclusions can
be drawn on the effects and effectiveness of foot orthoses
for adult patients [17]. Both studies did not specifically
include studies with more than one measuring point.
Moreover, flexible flatfeet was not a specific criterium
[17]. Since foot orthoses probably have little effect on
rigid flatfeet because of the limited range of motion, we
think including specifically flexible flatfeet is an impor-
tant criterium. However, the meta-analysis showed that
the overall decrease in VAS score at follow-up compared
to baseline was significantly higher in the orthoses group
than the no-orthoses or sham sole group in adults. It is
important to note that we used the DerSimonian and
Laird random effects model for our meta-analysis, which

is the only approach available in RevMan [39]. With this
approach, confidence intervals are often slightly too nar-
row to encompass full uncertainty resulting from having
estimated the degree of heterogeneity. There are alterna-
tive methods available such as the Hartung-Knapp-Sidik-
Jonkman method, with better technical properties that
may widen the confidence interval to reflect uncertainty
in the estimation of between-study heterogeneity [42,
43]. The overall decrease may not be significant any more
using these approaches. We also found a very broad 95%
prediction interval. This can be largely explained by the
small number of studies included in the meta-analysis. A
prediction interval is considered more reliable in a meta-
analysis with over ten studies. These findings confirm our
conclusion that it is difficult to draw firm conclusions on
the effectiveness of foot orthoses from the available data.
This systematic review evaluated differences in PROMs
between orthoses and control groups to assess effec-
tiveness of orthoses from a patient perspective. Besides
the nine studies included in this review, six prospective
studies in children [44—-49], one RCT [50], nine prospec-
tive [51-59] studies, and one retrospective study [60]
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in adults were identified which also described effective-
ness of orthoses in terms of PROMs. However, these
studies did not meet several of our inclusion criteria,
i.e. the presence of a control group with no orthoses or
sham soles and follow-up measurements. When control
groups were present, they consisted of patients without
symptomatic flexible flatfeet, with other orthoses, or with
tape. In the orthoses groups of these studies, improve-
ments in PROMs over time were seen in five child stud-
ies and eight adult studies. These results should however
be interpreted with caution, since three studies in our
systematic review showed significant improvements in
PROMs in control groups as well, without significant dif-
ferences between the orthoses and control groups [31, 32,
35].

Although child and adult flatfeet differ in etiology, all
ages are included in this review because of the wide over-
lap in diagnosing flatfeet, type of symptoms, method of
measurement, and treatment (Table 1).

Strengths and limitations

This systematic review included all patient-reported
outcomes of articles collecting information at baseline
and follow-up in an orthoses group compared with a no
orthoses or sham sole group in order to provide a reli-
able overview of the effectiveness of orthoses. The main
limitation of the included studieswas the heterogeneity
between included studies, which involved differences in
patient characteristics, PROMs, conditions in which the
PROM was measured, length of follow-up, and orthoses
used, as well as the choice for sham sole or no soles as
control group. The use of sham soles as a comparison
group is questionable. The aim of using a sham sole in the
control group is to decrease the psychological effect of
the idea of being treated. However, it is important to be
aware that a sham sole could have a positive influence on
stability and thereby on PROMs. Another potential limi-
tation to mention is ecological fallacy, specifically Simp-
son’s paradox. In this systematic review, descriptions are
based on means of measurements, not individual patient
data [61].

There are 40 definitions of flexible flatfeet in children
[62]. As there is no universally accepted definition of flat-
foot, studies investigating the effect of orthoses on flat-
feet have conducted multiple diagnostic measurements
based on physical examination and radiographs, which
causes further heterogeneity [4, 8, 12, 13, 21, 63]. This
article suggests three types of definitions for flatfeet to
use in future research [62].

Only one RCT reported compliance and found that just
half of the participants in the intervention group wore the
orthoses most of the time or always, with lack of comfort
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as primary reason for not wearing them [33]. Besides
compliance, activity and/or supported physiotherapy are
also known to affect the PROMS of orthoses usage. Only
one study controlled for physiotherapy as confounder
with two extra groups [32].

Future perspectives

For future studies, it is recommended to give extra con-
sideration to subject characteristics, the control group
used, and whether there is physiotherapy involved. Ran-
domized controlled trials on the effectiveness of orthoses
for flatfeet could likewise benefit from the use of a core
outcome set for flatfoot trials [64] and/or a universal
PROM tool. A promising possibility may be the use of
Patient Reported Outcomes Measurement Information
System (PROMIS) to provide evidence-based medicine
in orthopedic clinics [65]. PROMIS offers a standardized
tool to measure PROMs and allows for comparison of
health outcomes across different disease states and popu-
lations regardless of age, culture, or disabilities.

Conclusion

Based on the results of this systematic review we can-
not conclude that foot orthoses are useful for flexible
flatfoot in children and adults. However, the meta-anal-
ysis showed a significant decrease in pain in the adult
orthoses group after treatment compared to the no-
orthoses and sham orthoses groups.
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