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A B S T R A C T

Background

Paediatric flat feet are a common presentation in primary care; reported prevalence approximates 15%. A minority of flat feet can hurt and
limit gait. There is no optimal strategy, nor consensus, for using foot orthoses (FOs) to treat paediatric flat feet.

Objectives

To assess the benefits and harms of foot orthoses for treating paediatric flat feet.

Search methods

We searched CENTRAL, MEDLINE, and Embase to 01 September 2021, and two clinical trials registers on 07 August 2020.

Selection criteria

We identified all randomised controlled trials (RCTs) of FOs as an intervention for paediatric flat feet. The outcomes included in this review
were pain, function, quality of life, treatment success, and adverse events. Intended comparisons were: any FOs versus sham, any FOs
versus shoes, customised FOs (CFOs) versus prefabricated FOs (PFOs).

Data collection and analysis

We followed standard methods recommended by Cochrane.

Main results

We included 16 trials with 1058 children, aged 11 months to 19 years, with flexible flat feet. Distinct flat foot presentations included
asymptomatic, juvenile idiopathic arthritis (JIA), symptomatic and developmental co-ordination disorder (DCD). The trial interventions
were FOs, footwear, foot and rehabilitative exercises, and neuromuscular electrical stimulation (NMES). Due to heterogeneity, we did not
pool the data. Most trials had potential for selection, performance, detection, and selective reporting bias. No trial blinded participants.
We present the results separately for asymptomatic (healthy children) and symptomatic (children with JIA) flat feet.

The certainty of evidence was very low to low, downgraded for bias, imprecision, and indirectness.

Three comparisons were evaluated across trials: CFO versus shoes; PFO versus shoes; CFO versus PFO.

Asymptomatic flat feet
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1. CFOs versus shoes (1 trial, 106 participants): low-quality evidence showed that CFOs result in little or no diLerence in the proportion
without pain (10-point visual analogue scale (VAS)) at one year (risk ratio (RR) 0.85, 95% confidence interval (CI) 0.67 to 1.07); absolute
decrease (11.8%, 95% CI 4.7% fewer to 15.8% more); or on withdrawals due to adverse events (RR 1.05, 95% CI 0.94 to 1.19); absolute eLect
(3.4% more, 95% CI 4.1% fewer to 13.1% more).

2. PFOs versus shoes (1 trial, 106 participants): low to very-low quality evidence showed that PFOs result in little or no diLerence in the
proportion without pain (10-point VAS) at one year (RR 0.94, 95% CI 0.76 to 1.16); absolute eLect (4.7% fewer, 95% CI 18.9% fewer to 12.6%
more); or on withdrawals due to adverse events (RR 0.99, 95% CI 0.79 to 1.23).

3. CFOs versus PFOs (1 trial, 108 participants): low-quality evidence found no diLerence in the proportion without pain at one year (RR 0.93,
95% CI 0.73 to 1.18); absolute eLect (7.4% fewer, 95% CI 22.2% fewer to 11.1% more); or on withdrawal due to adverse events (RR 1.00,
95% CI 0.90 to 1.12).

Function and quality of life (QoL) were not assessed.

Symptomatic (JIA) flat feet

1. CFOs versus shoes (1 trial, 28 participants, 3-month follow-up): very low-quality evidence showed little or no diLerence in pain (0 to 10
scale, 0 no pain) between groups (MD -1.5, 95% CI -2.78 to -0.22). Low-quality evidence showed improvements in function with CFOs (Foot
Function Index - FFI disability, 0 to 100, 0 best function; MD -18.55, 95% CI -34.42 to -2.68), child-rated QoL (PedsQL, 0 to 100, 100 best
quality; MD 12.1, 95% CI -1.6 to 25.8) and parent-rated QoL (PedsQL MD 9, 95% CI -4.1 to 22.1) and little or no diLerence between groups
in treatment success (timed walking; MD -1.33 seconds, 95% CI -2.77 to 0.11), or withdrawals due to adverse events (RR 0.58, 95% CI 0.11
to 2.94); absolute diLerence (9.7% fewer, 20.5 % fewer to 44.8% more).

2. PFOs versus shoes (1 trial, 25 participants, 3-month follow-up): very low-quality evidence showed little or no diLerence in pain between
groups (MD 0.02, 95% CI -1.94 to 1.98). Low-quality evidence showed no diLerence between groups in function (FFI-disability MD -4.17, 95%
CI -24.4 to 16.06), child-rated QoL (PedsQL MD -3.84, 95% CI -19 to 11.33), or parent-rated QoL (PedsQL MD -0.64, 95% CI -13.22 to 11.94).

3. CFOs versus PFsO (2 trials, 87 participants): low-quality evidence showed little or no diLerence between groups in pain (0 to scale, 0 no
pain) at 3 months (MD -1.48, 95% CI -3.23 to 0.26), function (FFI-disability MD -7.28, 95% CI -15.47 to 0.92), child-rated QoL (PedsQL MD 8.6,
95% CI -3.9 to 21.2), or parent-rated QoL (PedsQL MD 2.9, 95% CI -11 to 16.8).

Authors' conclusions

Low to very low-certainty evidence shows that the eLect of CFOs (high cost) or PFOs (low cost) versus shoes, and CFOs versus PFOs on
pain, function and HRQoL is uncertain. This is pertinent for clinical practice, given the economic disparity between CFOs and PFOs. FOs
may improve pain and function, versus shoes in children with JIA, with minimal delineation between costly CFOs and generic PFOs.

This review updates that from 2010, confirming that in the absence of pain, the use of high-cost CFOs for healthy children with flexible flat
feet has no supporting evidence, and draws very limited conclusions about FOs for treating paediatric flat feet.

The availability of normative and prospective foot development data, dismisses most flat foot concerns, and negates continued attention
to this topic. Attention should be re-directed to relevant paediatric foot conditions, which cause pain, limit function, or reduce quality
of life. The agenda for researching asymptomatic flat feet in healthy children must be relegated to history, and replaced by a targeted
research rationale, addressing children with indisputable foot pathology from discrete diagnoses, namely JIA, cerebral palsy, congenital
talipes equino varus, trisomy 21 and Charcot Marie Tooth. Whether research resources should continue to be wasted on studying flat feet
in healthy children that do not hurt, is questionable. Future updates of this review will address only relevant paediatric foot conditions.

P L A I N   L A N G U A G E   S U M M A R Y

Foot orthoses for treating flat feet in children

Review question

What are the benefits and harms of using foot orthoses (shoe inserts) to treat flat feet in children?

Background

Children with flat feet have a lower foot arch. When the child is standing, the foot arch looks flat against the floor, and may roll inwards,
and even touch the floor. Sometimes, flat feet can cause pain, or change the way a child walks.

There are many types of non-surgical treatments for flat feet, but unless painful, most children do not need any treatment.

Foot orthoses (FOs) or shoe inserts, muscle stretching, footwear selection, physical activity modification, and reducing body weight, may
be part of an overall foot and activity management. The short-term use of medication for pain and inflammation may be prescribed.
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Study characteristics

This Cochrane Review is current to September 2021. There are 16 studies (1058 children, aged 11 months to 19 years) including three groups
- healthy children with painless flat feet; children with arthritis and painful flat feet; others (developmental coordination disorder; painful
flat feet). The studies were conducted across the USA, Australia, India, Iran, Turkey, UK, and Republic of Korea. We found information about
footwear, exercises, and diLerent types of foot orthoses.

Results:

Comparing custom foot orthoses (CFOs) to shoes in painless flat feet:

Proportion without pain (1 trial, 106 children) at 12 months:

12% fewer children with CFOs were without pain (ranging from 26% fewer to 5.5% more)

67 out of 100 children were without pain with CFOs compared to 79 children out of 100 with shoes.

Withdrawal due to side e'ects (3 trials, 211 children):

3% more children with CFOs withdrew from treatment due to side eLects (ranging from 4% fewer to 13% more) .

72 out of 100 children withdrew from treatment with CFOs compared with 69 children out of 100 with shoes.

Comparing prefabricated foot orthoses (PFOs) to shoes in painless flat feet

Proportion without pain (1 trial, 106 children) at 12 months:

5% fewer children with PFOs were without pain (ranging from 18.9% fewer to 12.6% more)

74 out of 100 children were without pain with PFOs compared to 79 out of 100 children with shoes.

Withdrawal due to side e'ects (4 trials, 338 children):

0.7% fewer children with PFOs withdrew from treatment due to side eLects (ranging from 15.2% fewer to 16.6% more).

71 out of 100 children withdrew from treatment with PFOs compared with 72 out of 100 children with shoes.

Comparing CFOs to PFOs in painless flat feet

Proportion without pain (1 trial, 106 children) at 12 months:

7% fewer children with CFOs were without pain (ranging from 22.2% fewer to 11.1% more)

68 out of 100 children were without pain with CFOs compared to 74 out of 100 children with PFOs.

Withdrawal due to side e'ects (1 trial, 118 children):

0% fewer children withdrew from treatment with CFOs due to side eLects (ranging from 9.2% fewer to 11% more).

91 out of 100 children withdrew from treatment with PFOs compared with 91 out of 100 children with PFOs.

Function, quality of life, treatment success and side eLects were not reported in these trials

Quality of the evidence

In healthy children with painless flat feet, low to very low-quality evidence shows that compared to shoes, CFOs and PFOs result in no
diLerence in the proportion without pain or withdrawal due to side eLects from treatment. The quality of the evidence is very low to low,
weakening conclusions. We downgraded the certainty of the evidence because the trials were poorly conducted and there were not enough
data.

Foot orthoses for treating paediatric flat feet (Review)
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Summary of findings 1.   Customised foot orthoses compared to shoes in children with asymptomatic flat feet

Customised foot orthosescompared to shoes in children with asymptomatic flat feet

Patient or population: children with asymptomatic flat feet
Setting: outpatient hospital clinic
Intervention: customised foot orthoses (CFO)
Comparison: shoes

Anticipated absolute effects* (95% CI)Outcomes Relative effect
(95% CI)

With shoes
(N = 52)

With CFOs
(N = 54)

Difference
(absolute)

Certainty of
the evidence
(GRADE)

What happens

Pain

(measured as proportion with
pain)

follow-up: 12 months

№ of participants: 106 (1 RCT)

RR 0.85
(0.67 to 1.07)

78.8% 67%
(52.8% to
84.4%)

11.8% fewer
(4.7% fewer to
15.8% more)

⊕⊕⊝⊝

Lowa,b

CFOs may result in little to no difference
in the proportion of children reporting
pain (absolute reduction of 11.8% (4.7%
fewer to 15.8% more))

Function or disability - - - - - not reported

Quality of life - - - - - not reported

Treatment success - - - - - not reported

Withdrawal due to adverse
events

follow-up: 3 months to 4
months

№ of participants: 211
(3 RCTs)

RR 1.05
(0.94 to 1.19)

68.9% 72.3%
(64.7% to 82%)

3.4% more
(4.1% fewer to
13.1% more)

⊕⊕⊝⊝

Lowa,b

The evidence suggests that CFOs result
in little to no difference in withdrawal
due to adverse events (absolute effect
3.4% more (4.1 % fewer to 13.1 % more))

Adverse events - - - - - not reported

Serious adverse events - - - - - not reported
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded for bias (participants, parents, and examiners were aware of treatment, which may have impacted self-reported outcomes; subgroup analysis of those with pain
was conducted (post hoc))
bDowngraded for imprecision due to wide confidence intervals including both an increase and decrease in the eLect estimate
 
 

Summary of findings 2.   Prefabricated foot orthoses compared to shoes in children with asymptomatic flat feet

Prefabricated foot orthosescompared to shoes in children with asymptomatic flat feet

Patient or population: children with asymptomatic flat feet
Setting: outpatient hospital clinic
Intervention: prefabricated foot orthoses (PFO)
Comparison: shoes

Anticipated absolute effects* (95% CI)Outcomes Relative effect
(95% CI)

With shoes
(N = 52)

With PFOs
(N = 54)

Difference (ab-
solute)

Certainty of
the evidence
(GRADE)

What happens

Pain
(measured as proportion with
pain)

follow-up: 12 months

№ of participants: 106 (1 RCT)

RR 0.94
(0.76 to 1.16)

78.8% 74.1%
(59.9 to 91.5)

4.7% fewer
(18.9% fewer to
12.6% more)

⊕⊕⊝⊝

Lowa,b

PFOs likely result in little to no differ-
ence in the proportion of children re-
porting pain, absolute reduction 4.7%
(18.9% fewer to 12.6% more)

Function or disability - - - - - not reported

Quality of life - - - - - not reported

Treatment success - - - - - not reported
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Withdrawal due to adverse
events

follow-up: 12 months

№ of participants: 338 (4 RCTs)

RR 0.99
(0.79 to 1.23)

72.3% 71.6%
(57.1% to
88.9%)

0.7% fewer
(15.2% fewer to
16.6% more)

⊕⊝⊝⊝

Very lowa,b,c

We are uncertain of the effects of PFOs
on withdrawal due to adverse events.
Absolute reduction 0.7% (15.2 fewer to
16.6 more)

Adverse events - - - - - not reported

Serious adverse events - - - - - not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded for bias, (performance, attrition, other bias), participants, parents, and examiners not blinded; pain only assessed post hoc, as subgroup analysis; high attrition
in some trials (notably Gould 1989)
bDowngraded for imprecision; wide 95% CI for intervention
cDowngraded for indirectness; variably aged participant samples between studies
 
 

Summary of findings 3.   Custom foot orthoses compared to prefabricated foot orthoses for children with asymptomatic flat feet

Custom foot orthoses compared to prefabricated foot orthoses for children with asymptomatic flat feet

Patient or population: children with asymptomatic flat feet
Setting: outpatient clinics
Intervention: customised foot orthoses (CFO)
Comparison: prefabricated foot orthoses (PFO)

Anticipated absolute effects* (95% CI)Outcomes Relative effect
(95% CI)

With PFOs
(N = 54)

With CFOs
(N = 54)

Difference
(absolute)

Certainty of
the evidence
(GRADE)

What happens
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Pain
(measured as proportion with
pain)

follow-up: 12 months

№ of participants: 108 (1 RCT)

RR 0.93 (0.73 to
1.18)

74% 68%
(51.9% to
85.2%)

7.4% fewer
(22.2% fewer to
11.1% more)

⊕⊕⊝⊝

Lowa,b

CFOs likely results in little to no differ-
ence in the proportion of children re-
porting pain. Absolute reduction 7.4%
(22.2 % fewer to 11.1 % more)

Function or disability - - - - - not reported

Quality of life - - - - - not reported

Treatment success - - - - - not reported

Withdrawal due to adverse
events
follow up: 12 months

№ of participants: 118 (1 RCT)

RR 1.00
(0.90 to 1.12)

91.5% 91.5%
(82.4% to
100%)

0.0% fewer
(9.2% fewer to
11% more)

⊕⊕⊝⊝

Lowa,b

The evidence suggests that CFOs do
not increase or reduce withdrawal due
to adverse events.

Adverse events - - - - - not reported

Serious adverse events - - - - - not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded for bias, (performance, other bias), participants, parents, and examiners not blinded; pain only assessed post hoc, as subgroup analysis
bDowngraded for imprecision; wide 95% CI for CFO as intervention
 
 

Summary of findings 4.   Custom foot orthoses compared to shoes in children with juvenile idiopathic arthritis and flat feet

Custom foot orthoses compared to shoes in children with juvenile idiopathic arthritis andflat feet

Patient or population: children with juvenile idiopathic arthritis (JIA) and flat feet
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Setting: outpatient rheumatology clinics
Intervention: custom foot orthoses (CFO)
Comparison: shoes

Anticipated absolute effects* (95% CI)Outcomes Relative effect
(95% CI)

With shoes
(N = 13)

With CFOs
(N = 15)

Difference

Certainty of
the evidence
(GRADE)

What happens

Pain
(measured on 0 to 10-point VAS; low-
er = less pain)

follow-up: 3 months

№ of participants: 28 (1 RCT)

  The mean pain
with shoes was
2.82 points

The mean pain
with CFOs was
1.32 points

MD 1.5 points lower
(2.78 points lower to
0.22 points lower)

⊕⊝⊝⊝

Very lowa,b,c

CFOs likely results in little
to no difference in pain.

Function or disability

(measured on 0 to 100-point FFI; 0 =
no disability)

follow-up: 3 months

№ of participants: 28 (1 RCT)

  The mean FFI
score with shoes
was 34.15 points

The mean FFI
score with CFOs
was 15.6 points

MD 18.55 points low-
er
(34.42 points lower
to 2.68 points lower)

⊕⊕⊝⊝

Lowa,b

CFOs may result in a clin-
ically important improve-
ment in function or dis-
ability.

Quality of life (child-rated)

(measured on 0 to 100-point PedsQL;
higher score = better QoL)

follow-up: 3 months

№ of participants: 25
(1 RCT)

  The mean child-
rated PedQL
score with shoes
was 59.78 points

The mean child-
rated PedQL
score with CFOs
was 47.68 points

MD 12.1 points high-
er
(1.6 points lower to
25.8 points higher)

⊕⊕⊝⊝

Lowa,c

CFOs may result in a clin-
ically important improve-
ment in child-rated QoL.

Quality of life (parent-rated)

(measured on 0 to 100-point PedsQL;
higher score = better QoL)

follow up: 3 months

№ of participants: 26
(1 RCT)

  The mean par-
ent-rated PedQL
score with shoes
was 55.95 points

The mean par-
ent-rated PedQL
score with CFOs
was 46.94 points

MD 9.01 points high-
er
(4.08 points lower to
22.1 points higher)

⊕⊕⊝⊝

Lowa,c

CFOs may result in a clin-
ically important improve-
ment in parent-rated QoL.
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Treatment success

(measured on the 50FTW (seconds))

follow-up: 3 months

№ of participants: 28 (1 RCT)

  The mean time
for the 50FTW
with shoes was
8.36 seconds

The mean time
for the 50FTW
with CFOs was
7.03 seconds

MD 1.33 seconds less
(2.77 seconds less to
0.11 seconds more)

⊕⊕⊝⊝

Lowa,c

CFOs likely result in little
to no difference in timed
walking.

Withdrawal due to adverse events
follow-up:

№ of participants: 28 (1 study)

RR 0.58
(0.11 to 2.94)

23.1% 13.4%
(2.5% to 67.8%)

absolute difference

9.7% fewer
(20.5% fewer to
44.8% more)

⊕⊕⊝⊝

Lowa,c

CFOs likely result in little
to no difference in with-
drawals due to adverse
events. Absolute reduc-
tion 9.7% (20.5 % fewer to
44.8% more)

Adverse events - - - - - not reported

Serious adverse events - - - - - not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; FFI: Foot Function Index; 50FTW: 50-Foot Timed Walk; MD: mean difference; PedsQL: Pediatric quality of life inventory; RR: Risk ratio; VAS: visual
analogue scale; QoL: quality of life

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded for bias; single blinded, children and their parents knew which treatment they had, which may have aLected the assessment of pain
bDowngraded for indirectness; only short-term outcomes (3 months); FFI not validated in children; PedsQL has no foot-related data
cDowngraded for imprecision; small sample size and wide CI including both an increase and decrease in the eLect estimate
 
 

Summary of findings 5.   Prefabricated foot orthoses compared to shoes in children with juvenile idiopathic arthritis and flat feet

Prefabricated foot orthoses compared to shoes in children with juvenile idiopathic arthritis andflat feet

Patient or population: children with juvenile idiopathic arthritis and flat feet
Setting: outpatient rheumatology clinics
Intervention: prefabricated foot orthoses (PFO)
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0

Comparison: shoes

Anticipated absolute effects* (95% CI)Outcomes Relative effect
(95% CI)

With shoes
(N = 12)

With PFOs
(N = 12)

Difference

Certainty of
the evidence
(GRADE)

What happens

Pain
(measured on 0 to 10-point VAS; low-
er = less pain)

follow-up: 3 months

№ of participants: 25
(1 RCT)

  The mean pain
with shoes was
2.82 points

The mean pain
with PFOs was
2.84 points

MD 0.02 points high-
er
(1.94 points lower to
1.98 points higher)

⊕⊝⊝⊝

Very lowa,b,c

PFOs likely result in little
to no difference in pain.

Function or disability

(measured on 0 to 100-point FFI; 0 =
no disability)

follow-up: 3 months

№ of participants: 25 (1 RCT)

  The mean FFI
score with shoes
was 34.15 points

The mean FFI
score with PFOs
was 38.32 points

MD 4.17 points lower
(24.4 points lower to
16.06 points higher)

⊕⊕⊝⊝

Lowa,c

PFOs likely result in little
to no difference in func-
tion or disability.

Quality of life (child-rated)

(measured on 0 to 100-point PedsQL;
higher score = better QoL)

follow up: 3 months

№ of participants: 22 (1 RCT)

  The mean child-
rated PedQL
score with shoes
was 59.78 points

The mean child-
rated PedQL
score with PFOs
was 37.99 points

MD 3.84 points on
PedsQL lower
(19.01 lower to 11.33
higher)

⊕⊕⊝⊝

LOW 1 3

PFOs likely results in little
to no difference in child-
rated QoL.

Quality of life (parent-rated)

(measured on 0 to 100-point PedsQL;
higher score = better QoL)

follow-up: 3 months

№ of participants: 22
(1 RCT)

  The mean par-
ent-rated PedQL
score with shoes
was 55.95 points

The mean par-
ent-rated PedQL
score with PFOs
was 56.59 points

MD 0.64 points lower
(13.22 points lower
to 11.94 points high-
er)

⊕⊕⊝⊝

Lowa,c

PFOs likely results in lit-
tle to no difference in par-
ent-rated QoL.

Treatment success

(measured on the 50FWT (seconds))

follow-up: 3 months

  The mean time
for the 50FWT
with shoes was
8.36 seconds

The mean time
for the 50FWT
with PFOs was
7.98 seconds

MD 0.38 seconds
lower
(1.9 seconds lower to
1.14 seconds higher)

⊕⊕⊝⊝

Lowa,c

PFOs likely results in little
to no difference in timed
walking.
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№ of participants: 25
(1 RCT)

Withdrawal due to adverse events
follow-up:

№ of participants: 25 (1 study)

RR 0.72
(0.14 to 3.61)

23.1% 16.6%
(3.2% to 83.3%)

absolute difference

6.5% less
(19.8% less to 60.2 %
more)

- PFOs likely results in little
to no difference in with-
drawals due to adverse
events. Absolute reduc-
tion 6.5%
(19.8% fewer to 60.2%
more)

Adverse events - - - - - not reported

Serious adverse events - - - - - not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; FFI: Foot Function Index; 50FWT: 50-Foot Timed Walk; MD: mean difference; PedsQL: Pediatric quality of life inventory; RR: Risk ratio; VAS: visual
analogue scale; QoL: quality of life

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded for bias; single blinded; children and their parents knew which treatment they had, which may have aLected their assessment of pain
bDowngraded for indirectness; only short-term outcomes (3 months); FFI not validated in children; PedsQL had no foot-related data
cDowngraded for imprecision; small sample size
 
 

Summary of findings 6.   Custom foot orthoses compared to prefabricated foot orthoses in children with juvenile idiopathic arthritis and flat feet

Custom foot orthoses compared to prefabricated foot orthoses in children with juvenile idiopathic arthritis andflat feet

Patient or population: children with juvenile idiopathic arthritis and flat feet
Setting: outpatient rheumatology clinics
Intervention: custom foot orthoses (CFO)
Comparison: prefabricated foot orthoses (PFO)

Outcomes Relative effect
(95% CI)

Anticipated absolute effects* (95% CI) Certainty of
the evidence
(GRADE)

What happens
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With PFOs
(N = 41)

With CFOs
(N = 46)

Difference

Pain
(measured on 0 to 10-point VAS; lower = less
pain)

follow-up: 3 months to 6 months

№ of participants: 87 (2 RCTs)

  The mean pain
with PFOs was
3.22 points

The mean pain
with CFOs was
1.74 points

MD 1.48 points low-
er
(3.23 points lower
to 0.26 points high-
er)

⊕⊕⊝⊝

Lowa,b

CFOs may result in
little to no difference
in pain.

Function or disability

(measured on 0 to 100-point FFI; 0 = no dis-
ability)

follow-up: 3 months

№ of participants: 27 (1 RCT)

  The mean FFI
score with PFOs
was 29.9 points

The mean FFI
score with CFOs
was 15.6 points

MD 14.38 points
lower
(30.22 points lower
to 1.46 points high-
er)

⊕⊕⊝⊝

Lowa,b

CFOs may result in
little to no difference
in function.

Quality of life (child-rated)

(measured on 0 to 100-point PedsQL; higher
score = better QoL)

follow-up: 3 months to 6 months

№ of participants: 83
(2 RCTs)

  The mean child-
rated PedQL
score with PFOs
was 55.94 points

The mean child-
rated PedQL
score with CFOs
was 64.58 points

MD 8.64 points
higher
(3.9 points lower to
21.18 points high-
er)

⊕⊕⊝⊝

Lowa,b

CFOs may result in a
small improvement
in child-rated QoL.

Quality of life (parent-rated)

(measured on 0 to 100-point PedsQL; higher
score = better QoL)

follow up: 3 months to 6 months

№ of participants: 84
(2 RCTs)

  The mean par-
ent-rated PedQL
score with PFOs
was 55.31 points

The mean par-
ent-rated PedQL
score with CFOs
was 58.25 points

MD 2.94 points
higher
(11 points lower to
16.88 points high-
er)

⊕⊕⊝⊝

Lowa,b

CFOs may result in
little to no difference
in parent-rated QoL.

Treatment success

(measured on the 50FWT (seconds))

follow-up: 3 months

№ of participants: 27
(1 RCT)

  The mean time
for the 50FWT
with PFOs was
7.98 seconds

The mean time
for the 50FWT
with CFOs was
7.03 seconds

MD 0.95 seconds
lower
(1.88 seconds low-
er to 0.02 seconds
lower)

⊕⊕⊝⊝

Lowa,b

CFOs may result in
little to no difference
in timed walking
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Withdrawal due to adverse events

Follow-up:

№ of participants: 87

(2 RCTs)

RR 0.80
(0.13 to 4.87)

4.9% 3.9%
(0.6% to 23.8%)

1.0% fewer
(4.2% fewer to
18.9% more)

⊕⊕⊝⊝

Lowa,b

CFOs may result in
little difference in
withdrawals due to
adverse events.

Adverse effects - - - - - not reported

Serious adverse events - - - - - not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval; FFI: Foot Function Index; 50FWT: 50-Foot Timed Walk; MD: mean difference; PedsQL: Pediatric quality of life inventory; RR: Risk ratio; VAS: visual
analogue scale; QoL: quality of life

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded for bias; single blinded; children and their parents knew which treatment they had, which may have aLected the assessment of pain
bDowngraded for imprecision due to wide 95% CIs
 
 

Summary of findings 7.   Prefabricated foot orthoses compared to shoes in children with symptomatic flat feet

Prefabricated foot orthoses compared to shoes in children with symptomatic flat feet

Patient or population: children with symptomatic flat feet
Setting: outpatient hospital clinic
Intervention: prefabricated foot orthoses (PFO)
Comparison: shoes

Anticipated absolute effects* (95% CI)Outcomes Relative effect
(95% CI)

With shoes
(N = 26)

With PFOs
(N = 26)

Difference

Certainty of
the evidence
(GRADE)

What happens

Pain - - - - - not reported
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Function or disability

(global function
assessed with 0 to 100-point PODCI; higher
scores = better functioning)

follow-up: mean 12 weeks

№ of participants: 52 (1 RCT)

  The mean POD-
CI score with
shoes was 0.7
points

The mean POD-
CI score with
PFOs was 3.7
points

MD 3 points high-
er
(2.28 points high-
er to 3.72 points
higher)

⊕⊕⊝⊝

Lowa.b

The evidence suggests
that PFOs results in little
to no difference in func-
tion

Quality of life

(measured on 0 to 100-point PedsQL; higher
score = better QoL)

follow-up: mean 12 weeks

№ of participants: 52 (1 RCT)

  The mean
PedQL score
with shoes was
-1.1 points

The mean
PedQL score
with PFOs was
2.9 points

MD 1.8 points
higher
(1.07 points high-
er to 2.53 points
higher)

⊕⊕⊝⊝

Lowa,b

The evidence suggests
that PFOs results in little
to no difference in quality
of life

Treatment success - - - - - not reported

Withdrawal due to adverse events - - - - - not reported

Adverse effects - - - - - not reported

Serious adverse events - - - - - not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; MD: mean difference; PODCI: Pediatrics Outcomes Data Collection Instrument; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded for bias (participants and parents aware of treatment received; selective reporting of outcomes, as the published study included more outcomes than were listed
in the trial registry (ClinicalTrials.gov NCT02414087))
bDowngraded for imprecision due to small sample size, small eLects across scaled outcome measures
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B A C K G R O U N D

Description of the condition

Despite decades of attention and scrutiny (Aharonson 1992; Brooks
1991; Mereday 1972; Staheli 1987), the paediatric flat foot remains
a quandry for clinicians, researchers, and parents alike. It is
established that some flat feet are associated with pain (Rome
2010), but not all flat feet are painful or debilitating. Debate about
pre-emptive treatment for flat feet in children has been misguided
(Bresnahan 2009; D'Amico 2009; Evans 2008;Harris 2010). Hence, it
is important to clarify whether any form of treatment is indicated,
for children with flat feet, which are not painful. Prevalence
estimates for paediatric flatfoot vary broadly. It has been reported
as 44% in children aged three to six years, and 24% in children aged
six years or older (PfeiLer 2006); 70% in children aged three to four
years, and 40% by five to eight years (Daneshmandi 2011); 23.5% in
seven to 14 year olds (Yoosefinejad 2014); and between 2.2% and
12.3% in children aged four to 13 years (Garcia-Rodriguez 1999).

In a study of 835 school children in Austria, PfeiLer 2006 reported
that 10% of children with flat feet were wearing foot orthoses,
whilst only 1% were deemed pathological, indicating a marked
over use of foot orthoses. Yan 2013 reported flatfoot in 90% of 100
normal Chinese children in Beijing, aged less than two years, and
just 4% at age 10 years. Whilst diLerent methods of assessment
were used, this trend crosses both ethnicity and age groups, and is
now further reinforced by both normative and prospective findings
(Gijon-Nogueron 2019; Martinez-Nova 2018).

What has oSen failed to be appreciated, is the developing
morphology of the paediatric foot structure, i.e. from flat to less
flat across the first decade of life, with some variation (Bresnahan
2009; Evans 2008; Wenger 1989). The definition for flatfoot, whilst
not universal, does find agreement across authors on the position
of the heel (everted – valgoid), and the medial longitudinal foot
arch (flat – convex (Capello 1998; Evans 2008; Staheli 1987; Wenger
1989). What is universal, and reasonable, is concern about pain
and functional limitation that may occur with some children who
have flat feet, to potentially diminish mobility, independence, and
quality of life.

Markers of benign versus pathological paediatric flat feet have been
identified, and assist with predicting the later symptomatic cases
in older children (Evans 2021). The three markers are: (1) valgus
heel, seen clinically as a greater than 10 degree resting calcaneal
stance position (RCSP (Kerr 2015)); (2) talo-navicular joint coverage
angle, seen clinically (on x-ray) as a greater than 35 degree medial
talar head exposure (Moraleda 2011; Yan 2013); and (3) ankle range
reduction or 'equinus', seen clinically as a less than 30 degree
weight-bearing lunge (Kim 2017).

Recent normative data, based on over 3000 healthy children, has
shown that paediatric foot posture has a wide normal range across
childhood, with the average Foot Posture Index (FPI) equal to +4(3),
such that FPI scores within the range of +1 to +7 (1 standard
deviation) include 68% of children (Gijon-Nogueron 2019). Further,
prospective data from over 1000 healthy children followed for three
years, showed that at each age point, foot posture 'centralised'.
This means that there were fewer pronated (flat) and highly
pronated (flatter) foot types as age increased, with slight increases
in supinated foot types. The greatest prospective shiS was the

increase of normal foot types as age increased (Martinez-Nova
2018).

Flat feet are also commonly seen in children with diagnoses
associated with indisputable risk of foot pathology, e.g. juvenile
idiopathic arthritis (JIA), with a prevalence of approximately
1:5000 births; cerebral palsy, with a prevalence of approximately
1:400 births; and trisomy 21/Down syndrome, with a prevalence
of approximately 1:900 births. However, the most significant
paediatric foot pathologies are not actually flat feet, but feet with
a high arch (cavus morphology), as aLect children with congenital
talipes equino varus (CTEV – prevalence approximates 1:1000
births), heritable motor neuropathies such as Charcot Marie Tooth
(CMT – prevalence approximates 1:3300 births), infections such as
Poliomyelitis.

Description of the intervention

Treatment options for paediatric flatfoot vary from non-surgical
to surgical approaches (Klaue 1997). The latter are rare, and are
usually pursued only aSer failure of non-invasive management,
or for rigid flatfoot presentations (Bauer 2015). Non-surgical
interventions include advice, FOs (foot orthoses), stretching or
strengthening exercises, footwear type and modifications, and
less commonly, neuromuscular electrical stimulation (NMES),
serial casting, weight reduction, analgesic and anti-inflammatory
medications (Blitz 2010).

Whilst FOs, per se, include a range of physical appliances, there
are important distinctions between custom or bespoke FOs (CFOs),
prefabricated FOs (PFOs), and customised PFOs (CPFOs).

How the intervention might work

The basic premise for foot orthoses as a treatment for paediatric
flatfoot, is to promote a stable foot posture that allows an eLicient
gait function. By distributing forces and loads across the weight-
bearing, body-carrying foot, joint ranges can be used eLectively
for gait function, without harmful stresses and strains. Paired with
footwear, which is known to influence both foot stability and gait
discretely, FOs are the treatment mainstay for paediatric flatfoot
(Wegener 2011).

Other treatment options, such as stretching (e.g. calf musculature
for ankle dorsiflexion range), specific muscle strengthening,
and core muscle strengthening, have oSen been regarded as
‘adjunctive’ to FOs. Footwear acts as supplementary 'whole child'
treatment directives in children with muscular hypotonia who also
require strength and balance physical therapy (Rigoldi 2012; Weber
2014).

Footwear is frequently overlooked, and yet influences FOs as
the basic ‘housing’ structure. All footwear, but especially athletic
footwear, that is constructed as a structure external to the foot in
gait, will influence foot functioning. Cursorily, athletic footwear is
intentionally designed to stabilise the flat foot, co-ordinate with the
rectus foot, and cushion the high arch foot (Evans 2015). Hence the
use of any FOs must only be subsequent to evaluation of footwear
eLects. This applies not only to the paediatric flat foot, but to all
clinical gait evaluation, and always prior to any consideration of
FOs use.
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Why it is important to do this review

Most cases of paediatric flat feet fall within the range of normal
findings (Gijon-Nogueron 2019), yet there is a lack of confidence
in both primary and specialist care (Carli 2012). Further, children's
flat feet improve as they grow during their first 10 years (Gijon-
Nogueron 2019; Martinez-Nova 2018).

There is clear need for accurate guidance from robust scientific
evidence In this era of over-diagnosis of disease (Moynihan 2012;
Moynihan 2014; Moynihan 2017), overmedicalisation of regular
range phenomena, and unnecessary treatment of normal variation
(Evans 2017; Evans 2021). The cost to public health systems
of unnecessary consultations, and unnecessary treatment is not
insubstantial. Screening children for flat feet is unfounded, and
both logically and economically refuted (Evans 2012; Wilson 1968).
Most paediatric flatfoot presentations reveal flexible feet that are
pain-free. However, a flat foot that is either painful or rigid is
not a normal finding, and requires both diagnosis and eLective
treatment. Specific subgroups of children have conditions known
to predispose them to foot pain, such as JIA, increased joint
laxity (e.g. Ehlers-Danlos, Down, or Marfan syndromes), and tarsal
coalitions. These may present overtly or covertly, and should be
part of a diLerential diagnosis for painful paediatric flatfoot (Evans
2009; Evans 2021).

This review is an update of an earlier Cochrane Review, which
found limited evidence from three trials on the use of non-
surgical interventions for the treatment of paediatric flatfoot (New
Reference). Considering that a burden of paediatric flat feet is not
universally demonstrable, and early identification has not been
found to be beneficial, this review aims to provide answers as to
whether a continued concern regarding flat feet in healthy children
is necessary (Evans 2012).

O B J E C T I V E S

To assess the eLicacy (benefits and harms) of foot orthoses as
treatment for paediatric flat feet versus no treatment or other
treatment.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised controlled trials (RCTs) and pseudo-randomised
controlled clinical trials (CCTs; using methods of allocating
participants to a treatment that are not strictly random, for example
date of birth, hospital record number, or alternation).

Types of participants

Since there is no universally accepted definition for paediatric
flatfoot, flat feet or flatfoot are the terms used to describe
a recognisable clinical foot morphology that involves several
adjacent joints of the foot (Harris 2004). We included trials
involving children younger than 16 years of age with a diagnosis
of flat feet. Studies of various soS tissue diseases, and pain due
to tendinitis, were eligible for inclusion, provided that the flat
foot pain results were presented separately. Studies in which
participants had heel pain, stress fractures of the metatarsals,
ankle fractures, rheumatoid foot pathology, diabetic foot, or

neuromuscular conditions were also eligible for inclusion, provided
all children, or an identified subgroup of children, had flat feet.

We included trials that included children with asymptomatic flat
feet, juvenile idiopathic arthritis (JIA; where flatfoot is a common
clinical feature (Henry 2008)), or other clinical concerns.

Types of interventions

Interventions included rigid, semi-rigid, or soS foot orthoses
(FO), corrective footwear; strengthening exercises, stretching
exercises, activity modification; manipulation; serial casting;
weight reduction; anti-inflammatory medication; anti-pronatory
strapping; neuromuscular electrical stimulation (NMES); and
educational advice to children or their parents or guardians, and
compared FOs versus sham or no intervention (control), or other
non-surgical interventions for paediatric flat feet.

Comparison were made with other interventions, and with no
treatment (with deference to usual footwear in some trials).
Epidemiological data regarding normal foot posture across
childhood has provided a context for better clinical appreciation
of normal variation, thus discouraging narrow intervention criteria
(Gijon-Nogueron 2019).

We excluded studies involving surgical interventions.

Types of outcome measures

Major outcomes

The following major outcomes will frame this review and are
reported in the summary of findings tables: Summary of findings
2; Summary of findings 3; Summary of findings 4; Summary of
findings 5; Summary of findings 6.

1. Pain was considered as proportion and group means, with
most interest on change from baseline to intervention, and
comparative intervention eLects. Pain was stipulated as being
reported by the child, parent, or carer. This outcome was only
applicable in studies involving symptomatic participants.

2. Function or disability indices of the foot

3. Quality of life measures

4. Treatment success (e.g. measured by a participant or proxy-
reported global impression of clinical change, as being very
much improved, improved, or similar). The parameters of
treatment success could include score changes, functional
change, with changes measured as means, proportions, and
variance.

5. Proportion of withdrawals for each trial group, both intervention
and control

6. Proportion with adverse events, as reported

7. Proportion with serious adverse events, as reported

Minor outcomes

Goniometric measurements, x-rays, or those that were collated in a
gait laboratory (both kinetic and kinematic data).

Search methods for identification of studies

Electronic searches

We searched:
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• Cochrane Central Register of Controlled Trials (CENTRAL; 2021,
Issue 9) in the Cochrane Library (searched 1 September 2021; see
Appendix 1);

• MEDLINE Ovid (July 2009 to 1 September 2021; see Appendix 2)

• Embase via Ovid (July 2009 to 1 September 2021; see Appendix
3)

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP; apps.who.int/trialearch; searched 7
August 2020);

• US National 7 August of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched 7 August
2020).

We started the search in 2009 to allow overlap with the search from
Evans 2010.

In MEDLINE, we combined subject specific search terms and free
text words with the optimum search strategy for randomised trials
described by Lefebvre 2008. We adapted the search strategy for the
other databases

Searching other resources

We complemented the electronic search by checking reference lists
of relevant articles for additional studies reported in published
papers, scientific meetings, and personal communication.

Data collection and analysis

Selection of studies

One of the review authors (KR) assisted by the Cochrane
Musculoskeletal Group's Information Specialist at the editorial
base, carried out the initial searches. Pairs of review authors (FH
and AE; KR and FH; KR and AE) independently assessed potentially
eligible trials for inclusion; they resolved any disagreement through
discussion. Titles of journals and names of authors or supporting
institutions were not masked at any stage.

We conducted this systematic review in accordance with the
PRISMA statement guidelines (Moher 2015).

Data extraction and management

Three authors (AE, KR, FH) independently extracted data using
a pre-piloted form. They resolved any disagreement through
discussion, using electronic communications techniques.

We extracted the following study characteristics:

1. Methods: study design, total duration of study, details of any
'run-in' period, number of study centres and location, study
setting, withdrawals, and date of study

2. Participants: N, mean age, age range, sex, disease duration (JIA),
severity of condition, diagnostic criteria, important baseline
data, inclusion criteria, and exclusion criteria

3. Interventions: intervention, comparison, concomitant
medications, and excluded medications

4. Outcomes: primary and secondary outcomes specified and
collected, and time points reported

5. Characteristics of the design of the trial as outlined below in the
Assessment of risk of bias in included studies section.

6. Notes: funding sources for trials, and notable declarations of
interest from authors.

When a trial included more than one measure for an outcome,
we adopted a pre-specified hierarchy, as follows: pain measures,
gait and function, health-related quality of life (HRQoL; 1. child,
2. parent proxy), with precedence given to validated outcome
measures where multiple measures were available in a trial - as
reflects clinical and parent concerns and clinical care priorities.

Our decision for selecting data to extract, included:

• if both final values and change from baseline values were
reported for the same outcome, we extracted final values;

• if both unadjusted and adjusted values for the same outcome
were reported, we extracted unadjusted values

• if data were analysed on the basis of intention-to-treat (ITT), we
extracted the sample treated with custom foot orthoses (CFO;
this did not diLer for outcomes assessing benefits or harms);

• If multiple time points were reported, we extracted final time
points

Main comparisons

Note that in this review there are multiple populations and
comparisons, and we have stated these in order of clinical
importance:

1. Custom foot orthoses (CFO) versus shoes (CFOs are the most
expensive FOs, and shoes are known to alter gait and foot
mobility, as reported in the systematic review from Wegener
2011)

2. Prefabricated foot orthoses (PFO) versus shoes (children with
JIA have indisputable disease, and frequently present with
debilitating foot pain (Fellas 2017a))

3. CFO versus PFO (both are common interventions and comprise
usual care for common concerns about flatfoot in children
(PfeiLer 2006). However, the cost ratio approximates 4:1
(CFO:PFO), and the justification for CFO use has been both
questioned (Evans 2008), and defended (Bresnahan 2009;
D'Amico 2009).

Assessment of risk of bias in included studies

Two review authors (FH, AE) independently assessed the risk of
bias of each included trial against key criteria: random sequence
generation; allocation concealment; blinding of participants,
personnel; blinding of outcome assessment - separately for
subjective self-reported outcomes, such as pain and function,
and objective outcomes, such as adverse events; incomplete
outcome data; selective outcome reporting; and other sources
of bias (e.g. follow-up times, participant maturation). This is
in accordance with methods for RoB 1 recommended by The
Cochrane Collaboration (Higgins 2017). Review authors resolved
disagreements by consensus.

We classified each potential source of bias as high, low, or
unclear risk, and provided a quote from the study report, together
with a justification for our judgement in the risk of bias table.
When information on risk of bias related to unpublished data or
correspondence with a trialist, we noted this in the risk of bias table.
We presented the figures generated by RoB 1 to provide summary
assessments of the risk of bias.
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Measures of treatment e:ect

We analysed dichotomous data as risk ratios (RR) with 95%
confidence intervals (CI). We calculated mean diLerences (MD) and
95% CI for continuous outcomes measured on the same scale, and
standardised mean diLerence (SMD), if diLerent scales were used
to measure an outcome, and 95% CIs. We entered data presented
as a scale with a consistent direction of eLect across studies. SMDs
were back-translated to a typical scale (e.g. 0 to 10 for pain) by
multiplying the SMD by a typical among-person standard deviation
(e.g. the standard deviation of the control group at baseline from
the most representative trial; as per Chapter 6 of the Cochrane
Handbook (Higgins 2020b)).

In the 'Comments' column of the summary of findings table, we
reported the absolute percent diLerence, the number needed to
treat number for an additional beneficial outcome (NNTB), and the
number needed to treat for an additional harmful outcome (NNTH).
We calculated the absolute percent change from the diLerence
in the risks between the intervention and control group using
GRADEpro GDT, and expressed as a percentage (GRADEpro GDT).
The NNTB or NNTH is only provided for dichotomous outcomes that
show a clinically significant diLerence). We calculated the NNTB or
NNTH from the control group event rate and the relative risk, using
the Visual Rx NNT calculator (Cates 2016). The minimal clinically
important diLerences (MCID) were 0.9 points for pain, measured on
a 10-point visual analogue scale (VAS); and 7 points for disability,
measured on the 100-point disability subscale of the Foot Function
Index (FFI), as calculated by Landorf 2008.

Unit of analysis issues

When multiple trial arms were reported in a single trial, we included
only the relevant arms. If two comparisons (e.g. CFOs versus shoes,
and CFOs versus sham orthoses) were combined in the same meta-
analysis, we halved the control group to avoid double-counting. We
clarified the presence of more than two intervention groups in the
Characteristics of included studies table.

Dealing with missing data

We contacted investigators to verify key study characteristics and
request missing numerical outcome data, when indicated (e.g.
when a study was identified as abstract only, or when data
were not available for all participants). Any assumptions and
imputations used to handle missing data were reported explicitly
in the Characteristics of included studies table, and the eLect of
assumptions or imputations was explored with sensitivity analyses.

For dichotomous outcomes (e.g. number of withdrawals due
to adverse events), we calculated the withdrawal rate using
the number of participants randomised to the group as the
denominator.

For continuous outcomes (e.g. mean pain), we calculated the MD
or SMD based on the number of participants analysed at that time
point. If the number of participants analysed was not presented for
each time point, we used the number of participants randomised
to each group at baseline.

When possible, we computed missing standard deviations from
other statistics, such as standard errors, confidence intervals, or P
values, according to the methods recommended in the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2020). If

we were unable to calculate standard deviations from the available
data, we imputed them (e.g. from other studies in the meta-
analysis).

Assessment of heterogeneity

We assessed clinical and methodological diversity of participants,
interventions, outcomes, and study characteristics for the included
studies, to determine whether a meta-analysis was appropriate.
We assessed statistical heterogeneity by visually inspecting forest
plots for obvious diLerences in result between the studies, and
using the I2 statistic. As recommended in the Cochrane Handbook
for Systematic Reviews of Interventions, the interpretation of
an I2 value of 0% to 40% might not be important; 30%
to 60% may represent moderate heterogeneity; 50% to 90%
may represent substantial heterogeneity; and 75% to 100%
may represent considerable heterogeneity (Deeks 2020). If we
identified substantial heterogeneity, we reported it. We planned
to investigate possible causes with subgroup analyses, had data
permitted.

Assessment of reporting biases

Had we been able to pool more than 10 trials, we  planned
to undertake  formal statistical tests to investigate funnel plot
asymmetry, and follow the recommendations in Section 13 of the
Cochrane Handbook for Systematic Reviews of Interventions (Page
2020).

To assess outcome reporting bias, we  checked trial protocols
against published reports. For studies published aSer 1 July 2005,
we  screened the International Clinical Trials Registry Platform of
the World Health Organisation for the trial protocol (apps.who.int/
trialearch). We evaluated whether selective reporting of outcomes
was present.

Data synthesis

We pooled data using a random-eLects model across studies
for outcomes with common interventions and comparators,
for participants with similar flatfoot conditions (i.e. JIA, pain,
asymptomatic).

Subgroup analysis and investigation of heterogeneity

We did not plan any subgroup analyses.

Sensitivity analysis

Had there been suLicient data, we planned to examine the
potential eLect on results for pain and function of selection bias
by restricting the analysis to studies at low risk of selection bias
(adequate allocation concealment); detection bias by restricting
the analysis to studies with low risk of detection bias (adequate
blinding of outcome assessor - the participants for these outcomes)
and those with imputed missing data.

Interpreting results and reaching conclusions

We followed the guidelines provided in Chapter 15 of the Cochrane
Handbook for Systematic Reviews of Interventions when interpreting
results, and we were aware of distinguishing lack of evidence
of eLect from lack of eLect (Schunemann 2020b). We based our
conclusions only on findings from the quantitative or narrative
synthesis of included studies for this review. We avoided making
recommendations for practice, and our implications for research
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suggested priorities for future research and outlined remaining
uncertainties in this area.

Summary of findings and assessment of the certainty of the
evidence

GRADE and Summary of findings tables

We collated seven summary of findings (SoF) tables for the
following comparisons:

• custom foot orthoses (CFO) compared to shoes in asymptomatic
flat feet (Summary of findings 1);

• prefabricated foot orthoses (PFO) compared to shoes in
asymptomatic flat feet (Summary of findings 2);

• CFOs compared to PFOs in asymptomatic flat feet (Summary of
findings 3);

• CFOs compared to shoes in children with juvenile idiopathic
arthritis (JIA; Summary of findings 4);

• PFOs compared to shoes in children with JIA (Summary of
findings 5);

• CFOs compared to PFOs in children with JIA (Summary of
findings 6);

• PFOs compared to shoes in symptomatic flat feet (Summary of
findings 7).

Summary of finding tables provide key information concerning the
quality of evidence, the magnitude of eLect of the interventions
examined, and the sum of available data on the major outcomes
(Types of outcome measures), as recommended Chapter 14 of
the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2020a).

We used the five GRADE considerations (study limitations,
consistency of eLect, imprecision, indirectness, and publication
bias) to assess the quality of a body of evidence comprised of

the studies that contributed data to the meta-analyses for the
prespecified major outcomes. We reported the quality of evidence
as high, moderate, low, or very low. We used GRADEpro GDT
soSware to prepare and present the SoF tables (GRADEpro GDT).
We justified all decisions to downgrade the quality of the evidence
using footnotes. We provided the NNTB or NNTH and absolute
percent change in the 'Comments' column of the SoF table, as
described in the 'Measures of treatment eLect' section above.

R E S U L T S

Description of studies

Results of the search

Our updated search retrieved 422 records (66 from CENTRAL, 252
from MEDLINE, and 104 from Embase). Our search of WHO ICTRP
retrieved 38 citations; ClinicalTrials.gov retrieved 47 citations,
giving a total of 507 records. We removed 28 duplicates, and
screened 452 records. We excluded 407 records, and retrieved
45 for full-text review for possible inclusion. Of the 45 full-text
articles, we excluded a further 13 (Figure 1) (Benedetti 2011; Ford
2017; Hill 2020; Hurd 2010; MacKenzie 2012; Mosca 2010; Okamura
2020; Perhamre 2011; Perhamre 2012; Pothrat 2013; Riccio 2009;
Uden 2017; Yung 2011) because of wrong study design and wrong
population; 5 were trials already included (Ahn 2017; Kanatli 2016;
Wenger 1989; Whitford 2007; Pandey 2013), Additional details
of these excluded studies are reported in the Characteristics of
excluded studies Table. Twelve ongoing studies were identified,
and hence included in the table of Characteristics of ongoing
studies. We contacted investigators of two RCTs in order to verify
key study characteristics and obtain missing numerical outcome
data (Pandey 2013; Sinha 2013). Both authors were contacted via
email, and unfortunately this met with no success in gaining the
required data (answers to queries, missing data, clarification of
randomisation, and SDs). These studies were included in the table
of Characteristics of studies awaiting classification.
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Figure 1.   Study flow diagram for the trial search

 
Thus, 13 studies met the final eligibility criteria for inclusion
in this review update (Abd-Elmonem 2021; Aboutorabi 2013;
Ahn 2017; Asgaonkar 2012; Bok 2016; Coda 2014; Gould 1989;
Hsieh 2018; Jafarnezhadgero 2018; Kanatli 2016; Khamooshi 2017;
Morrison 2013; Solanki 2020). However, two studies established
only immediate eLects of interventions, with no follow up data,
and hence were regarded for description, but not for analysis
(Aboutorabi 2013; Bok 2016). Gould 1989 was not included in the
2010 review, due to absence of a discrete control group, which was a
criterion  at that time (Rome 2010). Three studies were included
from the previous version of the review (Powell 2005; Wenger 1989;
Whitford 2007). Hence, a total of 16 studies were included in this
review update.

Included studies

We included a total of 16 randomised controlled trials (RCT), details
of which are included in the Characteristics of included studies
tables and Table 1; Table 2; and Table 3.

Design

Ten of the 16 randomised RCTs included a no treatment
control group (Abd-Elmonem 2021; Asgaonkar 2012; Hsieh 2018;

Jafarnezhadgero 2018; Kanatli 2016; Khamooshi 2017; Morrison
2013; Solanki 2020; Wenger 1989; Whitford 2007). The studies were
conducted in nine countries (Australia, USA, UK, Iran, Egypt, Turkey,
Republic of Korea, India, Taiwan) and were English language
publications. The duration of trials ranged from four weeks (Solanki
2020), to five years (Gould 1989). The trials were parallel designs;
seven had multiple arms (Aboutorabi 2013; Bok 2016; Gould 1989;
Khamooshi 2017; Powell 2005; Wenger 1989; Whitford 2007), seven
had a single intervention versus control group (Abd-Elmonem 2021;
Asgaonkar 2012; Hsieh 2018; Jafarnezhadgero 2018; Kanatli 2016;
Morrison 2013; Solanki 2020), and two trials comparing two single
interventions (Ahn 2017; Coda 2014).

Most studies only included data measured at baseline and final time
points; four reported multiple time points (Gould 1989; Solanki
2020; Wenger 1989; Whitford 2007). Two studies investigated
immediate eLects only and provided no follow-up data; we
included them in the review, but not in the analyses (Aboutorabi
2013; Bok 2016).
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Participants

The 16 studies included a total of 1058 children who completed the
trials, and were aged from 11 months to 19 years, were included
in the review. The inclusion and exclusion criteria used in all
studies were clearly, if variably, defined. The majority of trials
were in healthy children with flexible flat feet, with a range of
inclusion criteria, and age groups. The inclusion criteria for trials
of children with juvenile idiopathic arthritis (JIA) were: lower limb
involvement, failed treatment with foot orthoses, ability to walk
15 metres, disease modifying anti-rheumatic drugs (DMARDs) for
six months or more (Coda 2014); foot pain for > 1 month but < 2
years (Powell 2005). One trial with 22 boys included those with a
diagnosis of developmental co-ordination disorder (DCD), and a
Foot Posture Index (FPI) > +4 (Morrison 2013). Four trials recruited
children with symptomatic flat feet (Bok 2016; Coda 2014; Hsieh
2018; Powell 2005).

Two groups, defined only by diagnosis, included:

1. Asymptomatic flat feet in healthy children

Ten trials (N = 805) assessed the eLect of a number of comparisons
on healthy children with asymptomatic, flexible flat feet. They
collected data at baseline, and a number of defined time points.
Whilst exhibiting obvious diversity, these trials represented the
most children, a range of intervention modalities, common clinical
practice presentations, and thus, the bulk of potentially relevant
evidence (Abd-Elmonem 2021; Ahn 2017; Asgaonkar 2012; Gould
1989; Jafarnezhadgero 2018; Kanatli 2016; Khamooshi 2017;
Solanki 2020; Wenger 1989; Whitford 2007).

Wenger 1989 evaluated 131 children, aged 1 to 6 years, with
clinically diagnosed pes planus and no pain. Bilateral pes planus
was diagnosed by visual observation of the valgus position of the
heel, and the low appearance of the arch upon weight bearing.

Gould 1989 assessed 125 normal toddlers (beginner walkers) aged
11-14 months. Gender of children was not mentioned until the  5
year-old  results, in 25/50 Group 1 participants (15M, 10F).

Whitford 2007 evaluated 178 children, aged 7 to 11 years, with
clinically diagnosed pes planus and no pain. Bilateral pes planus
was diagnosed by the assessment of calcaneal eversion in RCSP,
and by the navicular drop test. The navicular drop test measures
the extent of excessive foot pronation in static stance.

Asgaonkar 2012 recruited 80 children with flat feet, aged between
five and 15 years. It is not especially clear, but appears that 139/894
of the children initially screened had flat feet, from which a random
80/139 were enrolled in the study. Uneven groups of 45 treatment
and 35 controls were formed at random. Flat foot assessment was
based on inked footprints, and the ratio of midfoot: foot width.

Jafarnezhadgero 2018 recruited 30 boys, aged 8 to 12 years. The
boys were randomised into two same-size groups (N=15). Flat foot
was assessed using navicular drop, arch height index, and resting
calcaneal stance position.

Kanatli 2016 evaluated 45 children (33 boys, 12 girls) with mean age
of 39.5 months (17-72 months), with diagnosis of moderate flexible
flat foot.

Khamooshi 2017 assessed 60 female aged 9 to13 year old, with
good general health and flat feet.

Ahn 2017 investigated 40 children who were aged 10 years (4.5),
with flexible flat feet.

Solanki 2020 investigated 44 children (sex unspecified) with mean
age indicated as "students from 8th to 9th standard" (estimated
age of 12 to 14 years), with clinically assessed 'hyperpronated' (flat)
feet, as diagnosed by 'too many toes sign', navicular height,
calcaneal angle.

Abd-Elmonem 2021 evaluated 72 typically developing children
aged from 7 to 12 years (31 boys, 35 girls at completion) with
asymptomatic flexible flat feet, as a clinically diagnosed.

2. Children with JIA, and other clinical concerns

Two studies (N = 108) included children diagnosed with JIA, flat
feet, and foot pain (Coda 2014; Powell 2005). Powell 2005 evaluated
48 children, aged 5 to19 years, diagnosed with JIA with pes planus
and foot pain. Coda 2014 recruited 60 children with JIA, aged
10.64 (3.84) years, controls: 11.17 (3.51) years (controls: 6M: 23F;
treatment group 9M: 22F).

Painful flatfoot: Hsieh 2018 evaluated 52 six-year-old children (28
males and 24 females) with symptomatic flexible flat feet.

Morrison 2013 investigated 22 boys with a diagnosis of DCD, who
had flexible flat feet, a FPI > +4, and were aged 6 to 11 years.

Immediate eLects only, were reported for two studies (Bok 2016;
Aboutorabi 2013). Bok 2016 examined 21 children with flexible flat
feet and foot pain, aged 8 to 13 years. Aboutorabi 2013 assessed
30 children with asymptomatic flexible flat feet, and a matched
control group (N=20), with mean age 7.76 years. The two immediate
eLects trials, with data derived only at baseline time points were
not included in analyses.

Overall, four RCTs were deemed too anomalous for inclusion in the
main sub-groups (Hsieh 2018; Morrison 2013; Bok 2016; Aboutorabi
2013)

Interventions

The 16 included studies included a range of interventions:
custom foot orthoses (CFO), prefabricated foot orthoses (PFO),
CPFOs (customised PFOs), valgus insoles, inverted FOs, heel
cups, University of California Biomechanics Laboratory (UCBL)
supports, orthopaedic shoes (straight last, straight last plus
cookie, with medial arch strengthening), foot exercises, foot plus
core exercises, anti-pronation taping, neuromuscular electrical
stimulation (NMES). Definitions of foot orthoses types, i.e. CFOs,
PFOs, and CPFOs can be found in Table 1.

Reporting of intervention according to groups

1. Asymptomatic flat feet in healthy children

Wenger 1989 randomised each child into one of four groups: (1)
orthopaedic shoes with no corrective features, the shoes were
normal in contour and contained a steel shank; (2) shoes with a
Thomas heel, a long medial counter and a navicular pad; (3) shoes
with a Thomas heel, a long medial counter and a heel cup; (4) shoes
and customised UCBL plastic foot orthoses. The trial ran for 3 years.
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Gould 1989 randomised the children across four treatment groups:
(Gp 1) straight last shoes (Gp 2) Gp 1 shoes plus long arch cookies,
(Gp 3) orthopaedic shoes with long counters, solid shanks, Thomas
heels, 0.3cm inside heel wedges, (Gp 4) Gp 3 shoes plus thin
longitudinal arch support. The trial ran for 4 years.

Whitford 2007 randomised each child into one of three groups: (1)
CFOs made from a rigid thermoplastic material with a vinyl cover;
(2) PFOs made from a semi-rigid thermoplastic material with a
standard intrinsic heel postings of 4° and a 5mm metatarsal rise; (3)
no treatment. All children with shortened ankle joint plantar flexors
were taught how to conduct calf muscle stretches at home and the
researchers discussed suitable shoes with the parents. The trial ran
for 12 months.

In Asgaonkar 2012 the intervention group wore valgus PFO or
insoles for 1 year, and the control group received no treatment.

Jafarnezhadgero 2018 randomised each child to either CFO
treatment or sham insoles for a 4 month trial. All participants wore
the same shoes from trial commencement.

Kanatli 2016 compared custom made orthopaedic shoes (N=21),
with a control group using the outcomes of Joint laxity, AI, x-ray
angles over 34.6 +/- 10.9 months (2-5 years). Shoes were renewed
every 6 months in the treatment group, when x-rays were also
taken.

Ahn 2017 compared two CFO designs (N=40), Over 1 year, in children
of mean age 10.14 (4.99) years.

Khamooshi 2017 compared foot exercises versus foot and core
exercises with an untreated control group, in an 8 week trial for girls
(N=60) aged 9 to 13 years.

Solanki 2020 randomised each child (N=44) to either rigid taping
and conventional therapy (strengthening exercises, Faradic foot
bath), versus sham taping and same conventional therapy, in a
4 week trial for children aged approximately 12 to 14 years, of
unspecified sex.Solanki 2020

Abd-Elmonem 2021 compared corrective (foot strength) exercises
and NMES, versus corrective (foot strength) exercises and sham
NMES (0 current), in a 4 month trial, for 72 children, aged 7 to 12
years (31 boys, 35 girls at completion).

2. Children diagnosed with JIA, flat feet and foot pain, or other clinical
concerns

Powell 2005 randomised each child into one of three intervention
groups: (1) custom-made semi-rigid orthotics made of metal-
particle reinforced plastic with shock-absorbing posts; (2)
prefabricated shoe inserts made from flat neoprene; and (3) new
supportive athletic shoes with a medial longitudinal arch and
shock-absorbing insoles. All children received new athletic shoes at
the beginning of the study. This trial ran for 3 months.

Coda 2014 randomised each child into two groups, with CPFOs
versus control PFOs over a 6 month period.

Painful flexible flat foot: one study evaluated young children with
painful flexible flat foot, N=52 (Hsieh 2018) aged 6 years, and
compared customised PFOs (N=26), with a control group using the

outcomes of physical activity, function and quality of life over 12
weeks.

Developmental coordination disorder (DCD): one study assessed
boys diagnosed with DCD (Morrison 2013). All participants
completed a 7 week rehabilitation programme, with a treatment
group using CFOs from the start (N=9, mean age 8 years) and a
control group who received CFOs at completion of the 7 week trial
(N=5, mean age 6.5 years).

Two studies assessed only immediate eLects of shoes and FOs
(Aboutorabi 2013, Bok 2016), and no follow up data. Bok 2016
randomised children with painful flat foot in to one of four groups:
(1) Sport shoes only (2) CFOs with no inverted angle (3) CFOs with
a 15° inverted angle (4) CFOs with a 30° inverted angle. The other
study randomised 30 children with asymptomatic flat foot, into 2
groups medical shoe versus a regular shoe with PFOs (Aboutorabi
2013).

Footwear advice or provision varied across trials. Six trials
supplied the footwear, which was also analysed as an intervention
(Powell 2005; Wenger 1989, Gould 1989; Kanatli 2016, Aboutorabi
2013, Jafarnezhadgero 2018). The supplied footwear varied from
athletic footwear (Powell 2005, Jafarnezhadgero 2018) to medical/
orthopaedic footwear (ankle-high boots). Footwear was advised
in three studies (Bok 2016, Morrison 2013, Whitford 2007),
and otherwise footwear was specified, and so presumably the
participant's usual shoes were used. Wenger 1989 provided a
pedorthotist for all follow-up visits to ensure the corrective shoes
were fitted according to the standards and specifications of the
Prescription Footwear Association.

Both Coda 2014 and Jafarnezhadgero 2018 utilised sham foot
orthoses for the control groups.

Whitford 2007 prescribed calf muscle stretches to all children who
required stretching, irrespective of the study group, and a seven
week rehabilitation programme was directed for both intervention
and control groups in boys with DCD (Morrison 2013).

Outcomes

Overall, the 16 included trials used a wide range of outcome
measures, with the majority measuring pain, function, health-
related quality of life and foot X-rays; see Table 2; Table 4; and Table
5.

Trial durations and follow-up ranged from immediate (Aboutorabi
2013; Bok 2016), to five years (Gould 1989; Kanatli 2016). Follow-up
ranged from four weeks to three years (approximately a two-year
average) in the majority of trials in healthy children with flexible flat
feet; three to six months in the JIA studies; and over seven weeks
in the DCD study.

Major outcomes

Pain

Five studies measured pain on VAS (Asgaonkar 2012; Coda 2014;
Powell 2005; Whitford 2007).

Studies which measured pain using a continuous outcome measure
(VAS), reported the proportions of participants with or without pain
at follow up (Coda 2014, Powell 2005). These studies were specific
to children with JIA.
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Wenger 1989 stated that parents reported a reduction in pain
symptoms in children with flat feet across the four groups
(corrective shoes, heel cup, UCBL inserts, and the control group)
but no data were provided.

Hsieh 2018 measured pain using parented reported Paediatric
outcome data collection instrument (PODCI), in children recruited
with painful flat feet. PODCI (The Pediatric Outcomes Data
Collection Instrument, Daltroy 1998) measures capability primarily,
and includes a paediatric version to be completed by a parent and
an adolescent version that can be completed by the parent, child,
or both (Klepper 2011).

Whitford 2007 made similar report, with pain at baseline and trial
completion, reported as participant percentages. This was a sub-
group, as participant recruitment targeted asymptomatic, healthy
children.

Whitford 2007 measured mean pain as a continuous outcome with
VAS, but only reported the proportion with pain and the proportion
with no pain (introducing a possible reporting bias). We extracted
proportion with no pain, from the percentage data reported.

Hsieh 2018 did not directly measure pain, but pain/comfort are
a psychometric property of the PODCI outcome measure used
(Daltroy 1998).

Function

Overall, seven studies measured function (Aboutorabi 2013; Bok
2016; Hsieh 2018; Morrison 2013; Powell 2005; Solanki 2020;
Whitford 2007). Four studies directly measured function (Powell
2005, Whitford 2007, Hsieh 2018; Solanki 2020). Five studies used
gait as a measure of function (Aboutorabi 2013; Asgaonkar 2012;
Bok 2016; Khamooshi 2017; Morrison 2013).

Powell 2005 measured function on the Foot Function index (FFI;
Budiman 1991). The FFI was developed to measure the impact of
foot pathology on function in terms of pain, disability and activity
restriction.

Four studies measured timed walking (Powell 2005, Morrison 2013,
Aboutorabi 2013, Hsieh 2018), using diLerent methods, i.e. the six
minute walk test (Morrison 2013), timed up and go test (Hsieh 2018),
50 feet walk (Powell 2005), step velocity (Aboutorabi 2013). The
six minute walk test (6MWT) is validated (New Reference), with
reference data for both healthy and disease paediatric status.

One study (Solanki 2020) assessed balance and agility, using
vertical jump height (VJH) Montalvo 2021, single excursion balance
test (SEBT) Gribble, 2012, Illinois agility test (IAT)Kutlu 2018.

Health-related quality of life

Four studies investigated HRQoL (Coda 2014; Hsieh 2018; Powell
2005; Whitford 2007) .

Three studies measured health-related quality of life using
the PedsQL which is a well validated measure of many
aspects of HRQoL (Coda 2014; Hsieh 2018; Powell 2005), with
multiple domains, and reference disease data (Varni 1996; Varni
2002).  Whitford 2007  used as proxy, the Self Perception Profile
for Children (with six subscales for scholastic competence, social
acceptance, behavioural conduct, physical appearance, athletic
competence, global self-worth).

Treatment success

No studies stipulated criteria for treatment success. However,
four studies used gait parameters (Asgaonkar 2012; Gould 1989;
Jafarnezhadgero 2018; Powell 2005).

Proportion of withdrawals due to adverse events

Five studies reported withdrawals due to adverse events (Wenger
1989; Whitford 2007Asgaonkar 2012; Gould 1989; Powell 2005).

Proportion with adverse events

None if the included studies reported the proportion of children
with adverse events, or serious adverse events.

Proportion with serious adverse events

Not reported in any of the included studies.

Minor outcomes

Five studies used radiographic imaging (Abd-Elmonem 2021; Ahn
2017; Gould 1989; Kanatli 2016; Whitford 2007).

Six studies measured gait assessment (Aboutorabi 2013; Asgaonkar
2012; Hsieh 2018; Jafarnezhadgero 2018; Morrison 2013; Powell
2005).

Two studies used plantar pressure measures (Bok 2016; Morrison
2013). Three studies used footprint measures (Gould 1989; Kanatli
2016; Khamooshi 2017).

Single studies used clinical photos (Wenger 1989), centre of
pressure analysis (Aboutorabi 2013), joint range laxity (Kanatli
2016), and resting calcaneal stance position (RCSP (Ahn 2017)).

Two studies assessed physical expenditure (Asgaonkar 2012;
Whitford 2007).

Two studies assessed clinical impressions (Wenger 1989; Whitford
2007).

Three studies recorded parent feedback (Wenger 1989, Coda 2014,
Hsieh 2018).

Table 1 collates description of the 16 included trials.

Table 2 is the trial group comparison matrix.

Excluded studies

We excluded thirteen studies aSer full-text screening, either
because of wrong study design or wrong population. Nine studies
were non-randomised clinical trials (Benedetti 2011; Ford 2017;
Hill 2020; Hurd 2010; MacKenzie 2012; Mosca 2010; Pothrat 2013;
Riccio 2009; Uden 2017). Four studies did not include children (Yung
2011), did not address flat feet (Perhamre 2011; Perhamre 2012), or
involved adult participants (Okamura 2020).

Additional details of the excluded studies are reported in the
Characteristics of excluded studies table.

Ongoing studies

We identified 12 ongoing studies. Details are included in the table
of Characteristics of ongoing studies.
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Studies awaiting classification

We contacted investigators of two studies to verify key study
characteristics and obtain missing numerical outcome data
(Pandey 2013; Sinha 2013). We contacted both authors via email;
but did not obtain the required data (answers to queries, missing
data, clarification of randomisation, and standard deviations).

Details of both studies are included in the table of Characteristics of
studies awaiting classification.

Risk of bias in included studies

The summary of risk of bias is presented in Figure 2. We did
not judge any of the 16 included trials at low risk of bias across
all domains. Most trials were at risk of selection, performance,
detection, and selective reporting biases.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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Abd-Elmonem 2021 + + ? + + + + +
Aboutorabi 2013 ? ? - - ? ? ? ?

Ahn 2017 ? ? - - ? ? ? ?
Asgaonkar 2012 ? ? - - - - ? ?

Bok 2016 ? ? ? ? ? ? ? ?
Coda 2014 + ? - + ? + ? ?

Gould 1989 ? ? - ? ? ? ? ?
Hsieh 2018 + + - - - + - +

Jafarnezhadgero 2018 ? ? + - + + ? +
Kanatli 2016 - - - ? ? + - ?

Khamooshi 2017 ? ? ? ? ? ? ? ?
Morrison 2013 ? + - ? - ? ? +

Powell 2005 + + - - - ? ? ?
Solanki 2020 + + + + + + ? +
Wenger 1989 + ? - + ? ? ? ?

Whitford 2007 + ? - - + + ? ?
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Figure 2.   (Continued)

Wenger 1989 + ? - + ? ? ? ?
Whitford 2007 + ? - - + + ? ?

 
Allocation

All trials reported that participants were randomised to an
intervention, but only seven trials adequately described the
method used to generate the random sequence (Abd-Elmonem
2021; Coda 2014; Hsieh 2018; Powell 2005; Solanki 2020; Wenger
1989; Whitford 2007) and are at low risk of selection bias for random
sequence generation.

Three trials did not describe if allocation of treatment was
concealed (Coda 2014; Wenger 1989; Whitford 2007) and are at
unclear risk of bias. Only five trials adequately reported allocation
concealment (Abd-Elmonem 2021; Hsieh 2018; Morrison 2013;
Powell 2005; Solanki 2020) and are judged at low risk of selection
bias for allocation concealment. We judged one trial at high
risk of bias for both random sequence generation and allocation
concealment (Kanatli 2016).

Blinding

We detected performance bias in most trials. We judged 11 out of
the included 16 trials at high risk of performance bias (Aboutorabi
2013; Ahn 2017; Asgaonkar 2012; Coda 2014; Gould 1989; Hsieh
2018; Kanatli 2016; Morrison 2013; Powell 2005; Wenger 1989;
Whitford 2007). We only judged two trials at low risk of performance
bias (Jafarnezhadgero 2018; Solanki 2020). Due to the nature of the
interventions, the participants could not be blinded.

We judged detection bias for self-reporting outcomes at low risk in
four trials (Abd-Elmonem 2021; Coda 2014; Solanki 2020; Wenger
1989), and low risk for objective outcome assessment in four (Abd-
Elmonem 2021; Jafarnezhadgero 2018; Solanki 2020; Whitford
2007). We judged detection bias for self-reporting outcomes at high
risk in seven trials (Aboutorabi 2013; Ahn 2017; Asgaonkar 2012;
Hsieh 2018; Jafarnezhadgero 2018; Powell 2005; Whitford 2007),
and high risk for objective assessment in four (Asgaonkar 2012;
Hsieh 2018; Morrison 2013; Powell 2005).

Incomplete outcome data

We judged seven trials at low risk of attrition bias (Abd-Elmonem
2021; Coda 2014; Hsieh 2018; Jafarnezhadgero 2018; Kanatli 2016;
Solanki 2020; Whitford 2007), five of which reported the reasons
participants withdrew from the study (Abd-Elmonem 2021; Coda
2014; Hsieh 2018; Kanatli 2016; Whitford 2007); two of which
had no withdrawals (Jafarnezhadgero 2018; Solanki 2020). We
assessed one trial at high risk of attrition bias due to an imbalance
in the number of dropouts per group, and lack of reasons for
withdrawal (Asgaonkar 2012). Apart from this, we judged that
three studies were likely to have biased results due to participant
withdrawals (Gould 1989; Morrison 2013; Wenger 1989), and it
is largely unclear if the non-completing participants biased the
results, as the study authors did not report to which treatment
groups these participants were randomised. Gould 1989's attrition
rate was unbalanced, with group 1- 25/50; group 2- 10/25; group
3- 7/25 ; group 4- 10/25 finishing the study. In total, 52/125 (42%)
children completed the four year study. Likewise, considerable

attrition aLected Wenger 1989 98/131 (75%) completions, and
Morrison 2013 14/21 (68%) completions, reasons for attrition were
not provided. Five studies provided insuLicient information to
permit a judgement of low risk or high risk of attrition bias, hence
the risk of attrition bias was unclear (Aboutorabi 2013; Ahn 2017;
Bok 2016; Khamooshi 2017; Powell 2005)

Selective reporting

We judged two trials at high risk of selective reporting bias, because
of a discrepancy between the trial register and published outcomes,
and the lack of follow-up data for outcomes measured at baseline
(Hsieh 2018; Kanatli 2016). Hsieh 2018 provided more outcomes in
the published paper than were listed in the trial registry, and Kanatli
2016 only provided baseline data for Arch index scores, no follow-
up data.

We judged four studies at unclear risk of reporting bias, because
of lack of gender-related data, and lack of follow-up data for
outcomes measured at baseline (Bok 2016; Gould 1989; Morrison
2013; Wenger 1989). Gould 1989 stated that other lower extremity
measurements (femoral, tibial torsions and knee varus/valgus)
were to be subsequently reported, adding that knee valgus at
age 5 years was "striking" (92.3%, of the 52/125 (42%) children
who completed the 5 year trial) but without relationship to sex. In
Wenger 1989 heel cord tightness and foot progression angles were
only reported at baseline. Morrison 2013 assessed FPI-6 and the
LLAS were used for patient selection at baseline, but not further
reported. In an immediate eLects trial, without follow up, Bok 2016
selected children with painful flat feet, but then omitted pain as an
outcome.

We judged eight studies at unclear risk of reporting bias as there
was insuLicient information to permit a judgement of low risk or
high risk (Aboutorabi 2013; Ahn 2017; Asgaonkar 2012; Coda 2014;
Jafarnezhadgero 2018; Powell 2005; Solanki 2020; Whitford 2007).
In one study, outcome data were not clearly reported (Khamooshi
2017).

Other potential sources of bias

Five trials were at low risk of other bias. We assessed that four
of them had no source of other bias (Abd-Elmonem 2021; Hsieh
2018; Jafarnezhadgero 2018; Solanki 2020); the other one declared
the source of funding, as well as independence from the funder
for research design, conduct, and reporting (Morrison 2013). We
judged all other trials at unclear risk of other bias due to insuLicient
information on funding sources.

E:ects of interventions

See: Summary of findings 1 Customised foot orthoses compared
to shoes in children with asymptomatic flat feet; Summary of
findings 2 Prefabricated foot orthoses compared to shoes in
children with asymptomatic flat feet; Summary of findings 3
Custom foot orthoses compared to prefabricated foot orthoses
for children with asymptomatic flat feet; Summary of findings
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4 Custom foot orthoses compared to shoes in children with
juvenile idiopathic arthritis and flat feet; Summary of findings 5
Prefabricated foot orthoses compared to shoes in children with
juvenile idiopathic arthritis and flat feet; Summary of findings 6
Custom foot orthoses compared to prefabricated foot orthoses in
children with juvenile idiopathic arthritis and flat feet; Summary
of findings 7 Prefabricated foot orthoses compared to shoes in
children with symptomatic flat feet

The eLects of interventions are discussed by diagnostic population
groups, then comparisons. Due to the diversity of trials and the
diLerences in the interventions and outcomes reported, we were
only able to pool data for JIA in meta-analyses. Results of all other
studies are reported separately.

1. Asymptomatic flat feet

ELects of interventions were assessed in 10 studies (Abd-Elmonem
2021; Ahn 2017; Asgaonkar 2012; Gould 1989; Jafarnezhadgero
2018; Kanatli 2016; Khamooshi 2017; Solanki 2020; Wenger 1989;
Whitford 2007). Results are presented in Summary of findings 1.

Custom foot orthoses (CFOs) compared to shoes

Studies reported findings at baseline and three months (Wenger
1989), at baseline, 3 months and 12 months (Whitford 2007).
Jafarnezhadgero 2018 reported CFOs versus sham FOs (both feet
were fitted with the same sports shoes) at baseline and aSer 4
months. Aboutorabi 2013 reported an immediate eLect, but given
the absence of follow-up, we did not include the data in analyses.

Outcomes

1. Pain – CFOs may result in little to no diLerence in the proportion
of children without pain (risk ratio (RR) 0.85, 95% confidence
interval (CI) 0.67 to 1.07; 1 study, 106 participants; low-certainty
evidence; Analysis 1.1). There was an absolute reduction of
11.8% (4.7% fewer to 15.8% more); we downgraded for bias and
imprecision.

2. Withdrawal due to adverse events – CFOs result in little to no
diLerence in withdrawal due to adverse events (RR 1.05, 95% CI
0.94 to 1.19; 3 studies, 211 participants; low-certainty evidence;
Analysis 1.2). The absolute eLect was 3.4% more (4.1 % fewer to
13.1 % more); we downgraded for bias and imprecision.

3. Function, quality of life, treatment success, and adverse events
were not reported.

Prefabricated foot orthoses (PFOs) compared to shoes

Four studies reported findings at three months (Wenger 1989), at 3
months and 12 months (Whitford 2007), at two years, three years,
and five years of age (Gould 1989), and at one year (Asgaonkar
2012). Results are presented in Summary of findings 2.

Outcomes

1. Pain – PFOs likely result in little to no diLerence in the proportion
of children without pain (RR 0.94, 95% CI 0.76 to 1.16; 1
study, 106 participants; low-certainty evidence; Analysis 2.1).
The absolute reduction was 4.7% (18.9% fewer to 12.6 % more);
we downgraded for bias and imprecision.

2. Withdrawals due to adverse events – We are uncertain of the
eLects of PFOs on withdrawal due to adverse events (RR 0.99,
95% CI 0.79 to 1.23; 4 studies, 338 participants; very low-
certainty evidence; Analysis 2.2). The absolute reduction was

0.7% (15.2% fewer to 16.6% more); we downgraded for bias,
imprecision, and indirectness due to variably aged participant
samples between studies.

3. Function, quality of life, treatment success, and adverse events
were not reported.

CFOs compared to PFOs

Studies reported findings at three months (Wenger 1989), and at 3
months and 12 months (Whitford 2007). Results are presented in
Summary of findings 3.

Outcomes

1. Pain – CFOs likely result in little to no diLerence in pain (RR
0.93, 95% CI 0.73 to 1.18; 1 study, 108 participants; low-certainty
evidence; Analysis 3.1). The absolute reduction was 7.4% (22.2%
fewer to 11.1% more), we downgraded for bias and imprecision.

2. Proportion of withdrawals – CFOs result in no diLerence in
withdrawals due to adverse events (RR 1.00, 95% CI 0.90 to 1.12;
1 study, 118 participants; low-certainty evidence; Analysis 3.2).
We downgraded for bias and imprecision.

3. Function, quality of life, treatment success, and adverse events
were not reported.

Abd-Elmonem 2021 compared NMES and foot strengthening
exercises with sham NMES and foot strengthening exercises, which
did not comply with the comparison of interventions in this review.

Aboutorabi 2013 assessed immediate eLects in both healthy
children (N = 20) and those with flat feet (N = 30). The study reported
that neither medical shoes nor PFOs showed significant gait eLects
in healthy children, however, the children with flat feet showed
reduced centre of pressure (CoP) displacement with medical shoes
(P < 0.05), and PFOs (not significant).

Ahn 2017 compared two types of CFO designs, which did not comply
with the comparison of interventions in this review.

Kanatli 2016 compared an orthopaedic shoe with a control group,
which did not comply with the comparison of interventions in this
review.

Solanki 2020 compared anti-pronation and conventional treatment
(foot strengthening exercises, Faradic foot baths), with sham taping
and conventional treatment, which did not comply with the
comparison of interventions in this review.

2. Flat feet in juvenile idiopathic arthritis (JIA), or other
clinical concerns

Two studies assessed these populations; Coda 2014 followed up
at three months and six months; Powell 2005 followed up at three
months.

CFO compared to shoes

Results are presented in Summary of findings 4; one trial examined
this comparison (Powell 2005).

Outcomes

1. Pain – CFOs likely result in little or no diLerence in pain (0
to 10 VAS, 0 = no pain) compared to shoes (MD -1.50, 95%
CI -2.78 to -0.22; 1 study, 28 participants; very low-certainty
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evidence; Analysis 4.1). We downgraded for bias, imprecision,
and indirectness; 1 study, 28 participants).

2. Function or disability – CFOs may result in a clinically important
improvement in function or disability compared with shoes,
measured with the FFI (MD -18.55, 95% CI -34.42 to -2.68; 1 study,
28 participants; low-certainty evidence; Analysis 4.2; Figure 3);
we downgraded for bias and imprecision.

3. Quality of life (QoL) – CFOs may result in a clinically important
improvement in child-rated QoL on the PedsQL (MD 12.10, 95%
CI -1.60 to 25.80; 1 study, 25 participants; low-certainty evidence;
Analysis 4.3; Figure 4). CFOs may result in a clinically important
improvement in parent-rated QoL on the PedsQL (MD 9.01,
95% CI -4.08 to 22.10; 1 study, 26 participants; low-certainty
evidence; Analysis 4.3; Figure 4); we downgraded for bias and
imprecision as the 95%CIs include both an improvement and
no improvement, the trend towards significance in the CFO

group, with the 5-point minimally important clinical diLerence
doubled - PedsQL/Child 12-point increase with CFO versus
shoes, PedsQL/Parents 9-point increase with CFO versus shoes
low-certainty evidence downgraded for bias and imprecision.

4. Treatment success – CFOs likely result in little to no diLerence in
timed walking on the 50-foot timed walk (50FTW; MD -1.33, 95%
CI -2.77 to 0.11; 1 study, 28 participants; low-certainty evidence;
Analysis 4.4); we downgraded for bias and imprecision.

5. Withdrawals due to adverse events – CFOs likely result in little to
no diLerence in withdrawals due to adverse events (RR 0.58, 95%
CI 0.11 to 2.94; 1 study, 28 participants; low-certainty evidence;
Analysis 4.5; absolute reduction 9.7% (20.5% fewer to 44.8%
more); we downgraded for bias and imprecision.

6. Proportion with adverse events – none reported

7. Proportion with serious adverse events – none reported
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Figure 4.   Forest plot of comparison: 4 CFOs versus shoes in JIA, outcome: 4.3 Quality of life
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PFO compared to shoes

Results are summarised in Summary of findings 5; one trial
examined this comparison (Powell 2005).

Outcomes

1. Pain – PFOs likely result in little to no diLerence in pain (MD 0.02,
95% CI -1.94 to 1.98; 1 study, 28 participants; very low-certainty
evidence; Analysis 5.1); we downgraded for bias, imprecision,
and indirectness.

2. Function or disability – PFOs likely results in little to no diLerence
in function (MD -4.17, 95% CI -24.40 to 16.06) or activity
limitation between groups (MD -7.96, 95% CI -26.79 to 10.87; 1
study, 25 participants; low-certainty evidence; Analysis 5.2); we
downgraded for bias and imprecision. such that the PFO group
activity was less limited at 3-months, versus the shoe group, low-
certainty evidence downgraded for bias and imprecision. Powell
2005 also reported timed walking, which showed the PFO group
slower than the shoe group over a distance of 50 feet, at 3-month
follow up MD -0.38 (95% CI -1.90, 1.14).

3. Quality of life – PFOs likely results in little to no diLerence in
child-rated QoL on the PedQL (MD -3.84, 95% CI -19.01 to 11.33;
1 study, 22 participants), indicating less pain in the PFO group
low-certainty evidence downgraded for bias and imprecision.
PFOs likely results in no diLerence in or parent-rated QoL on the
PedQL (MD -0.64, 95% CI -13.22 to 11.94; 1 study, 22 participants;
low-certainty evidence; Analysis 5.3); we downgraded for bias
and imprecision. Overall, Powell 2005 reported no significant
improvement in QoL for either the PFO or the shoe group.

4. Treatment success – PFOs likely result in little to no diLerence
in timed walking on the 50FTW (MD -0.38 seconds, 95% CI -1.9
to 1.14; 1 study, 25 participants; low-certainty evidence; Analysis
5.4); we downgraded for bias and imprecision.

5. Withdrawal due to adverse events – PFOs likely results in little to
no diLerence in withdrawals due to adverse events (RR 0.72, 95%
CI 0.14 to 3.61; 1 study, 25 participants; low-certainty evidence;
Analysis 5.5); absolute reduction 6.5% (19.8% fewer to 60.2%
more); we downgraded for bias and imprecision.

6. Proportion with adverse events – none reported

7. Proportion with serious adverse events – none reported

CFO compared to PFO

Results are summarised in Summary of findings 6; we pooled data
from two studies (Coda 2014; Powell 2005).

Outcomes

1. Pain – CFOs may result in little to no diLerence in pain (MD -1.48,
95% CI -3.23 to 0.26; 2 studies, 87 participants; low-certainty
evidence; Analysis 6.1;Figure 5); we downgraded for bias and
imprecision. Sensitivity analysis, performed by excluding the
study that did not blind participants (Powell 2005), was not
significant due to overlapping confidence intervals (MD -2.88;
95%CI -15.70 to 9.94).

2. Function or disability – CFOs may result in little to no diLerence
in function, on the FFI (MD -14.38, 95% CI -30.22 to 1.46; 1
study, 27 participants; low-certainty evidence; Analysis 6.2); we
downgraded for bias and imprecision.

3. Quality of life – CFOs may result in little to no diLerence in child-
rated QoL, using the PedsQL (MD 8.64, 95% CI -3.90 to 21.18; 1
study, 83 participants) or parent-rated QoL, using the PedsQL
(MD 2.94, 95% CI -11.00 to 16.88; 1 study, 84 participants; low
quality evidence; Analysis 6.3; Figure 6); we downgraded for bias
and imprecision. QoL was also reported at six months by Coda
2014; child-rated PedsQL scores were 89.67 (17.92) with custom-
prefabricated foot orthoses (CPFOs) and 83.63 (27.14) with PFOs;
parent-rated PedQL scores were 83.70 (31.5) for CPFOs and 84.47
(35.58) for PFOs, indicating marginally improved in QoL at six
months rated by children, but not by parents, low-certainty
evidence, downgraded for bias and imprecision.

4. Treatment success – CFOs may result in little diLerence in
timed walking at 3 months, assessed with the 50FTW (MD -0.95
seconds, 95% CI -1.88 to -0.02; 1 study, 27 participants; low-
certainty evidence; Analysis 6.4); we downgraded for bias and
imprecision.

5. Withdrawals due to adverse events – CFOs may result in little
diLerence in withdrawals due to adverse events (RR 0.80, 95% CI
0.13 to 4.87; 2 studies, 87 participants; low-certainty evidence;
Analysis 6.5); we downgraded for bias and imprecision.

6. Proportion with adverse events – none reported

7. Proportion with serious adverse events – none reported
 

Figure 5.   Forest plot of comparison: 6 CFOs versus PFOs in JIA, outcome: 6.1 Pain
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Figure 6.   Forest plot of comparison: 6 CFOs versus PFOs in JIA, outcome: 6.3 Quality of life
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3. Painful (symptomatic) flat feet

Assessed in two studies; Hsieh 2018 compared customised PFOs
(adapted by heat gun moulding) versus no treatment and followed
up at 12 weeks). Results are presented in Summary of findings
7. Bok 2016 outfitted all children with four sets of shoes with
diLerent degrees of orthotic, and measured immediately. Results
are presented below.

PFO compared to shoes

Outcomes

1. Pain – not reported

2. Function or disability – PFOs result in little to no diLerence in
function, assessed with PODCI (global function MD 3.00, 95%
CI 2.28 to 3.72; 1 study, 50 participants; low-certainty evidence;
Analysis 7.1); we downgraded for bias and imprecision.

3. Quality of life – PFOs result in little to no diLerence in QoL,
assessed with the PedsQL (total score MD 1.80, 95% CI 1.07 to
2.53; 1 study, 50 participants; low-certainty evidence; Analysis
7.2); we downgraded for bias and imprecision.

4. Treatment success – not reported

5. Proportion of withdrawals – not reported

6. Proportion with adverse events – none reported

7. Proportion with serious adverse events – none reported

Bok 2016 (21 children) reported the immediate eLects of treatment,
three designs of CFOs, inverted at 0, 10, and 30 degrees, compared
to shoes with no orthotics. Foot function was evaluated as peak
pressure, maximum force, and contact area, using the Pedar in-
shoe apparatus, in six foot regions (or 'masks'): medial forefoot
(MF), central forefoot (CF), lateral forefoot (LF), medial midfoot
(MM), lateral midfoot (LM), and rearfoot (RF).

Function or disability – CFOs with 0, 15, or 30 degrees inversion
reduced MF and RF peak pressure (P < 0.001); increased maximum
mid-foot plantar pressure (especially 30 degree inversion); and
increased the contact area at the MM and RF.

None of the other outcomes were reported.

4. Developmental co-ordination disorder (DCD)

One study of 22 British boys with DCD examined the eLects of foot
orthoses (Morrison 2013).

CFO compared to shoes

Outcomes

1. Function or disability – the six-minute walk test (P = 0.43), and
spatio-temporal parameters (Gaitrite™ system) did not diLer
between the CFO (N = 9) and the control (shoe) groups  (N
= 5) following the seven-week rehabilitation programme. The
CFO group walked a median of four metres further, and the
control group walked a median of 15 metres further (1 study, 14
participants; Analysis 8.1).

2. Treatment success – no diLerences were found between groups
for the 6MWT (P = 0.43), cadence (P = 0.019), or double-support
(P = 0.042), following the seven-week rehabilitation programme
(1 study, 14 participants; Analysis 8.1).

3. Withdrawals due to adverse events – data for proportion
of children who withdrew due to adverse events were not
specified.

4. Pain, quality of life, and adverse events – not reported

D I S C U S S I O N

Summary of main results

The 16 randomised controlled trials (RCT) included in this
updated Cochrane Review signify more than a five-fold increase
in available evidence from clinical trials since the previous review
in 2010, which included just three RCTs. However, whilst there
is more literature to peruse and critique, there continues to be
heterogeneity, which limits data pooling and precludes meta-
analysis of all studies. Two of the 16 trials provided only immediate
eLects data, and hence, we only included their description in this
review, rather than including their data in any analyses.

There are two discrete groups of RCTs investigating foot orthoses
to treat the typical paediatric flat foot: (1) those addressing healthy
children with asymptomatic flat feet: 10 trials (Abd-Elmonem
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2021; Ahn 2017; Asgaonkar 2012; Gould 1989; Jafarnezhadgero
2018; Kanatli 2016; Khamooshi 2017; Solanki 2020; Wenger 1989;
Whitford 2007), and (2) those addressing flat feet in children with
juvenile idiopathic arthritis (JIA): 2 trials (Powell 2005, Coda 2014);
and other clinical concerns: painful flat feet: 1 trial (Hsieh 2018);
developmental co-ordination disorder (DCD): 1 trial (Morrison
2013); immediate intervention eLects only: 2 trials (Aboutorabi
2013, Bok 2016).

Asymptomatic flexible flat feet in healthy children

Firstly, and most prodigiously, 10 Ten RCTs addressed the most
commonly presenting paediatric foot concern of asymptomatic
flat feet; interventions included shoes, foot orthoses (FOs), and
exercises. Five of these 10 RCTs included a non-intervention
control group (Asgaonkar 2012; Kanatli 2016; Khamooshi 2017;
Wenger 1989; Whitford 2007), three trials included a sham control
group (Abd-Elmonem 2021; Jafarnezhadgero 2018; Solanki 2020),
and two trials intervention comparisons alone (Ahn 2017; Gould
1989). Whilst all studies address the typical presentation of
flexible and asymptomatic flat feet in healthy children, there
is considerable heterogeneity within the 805 initially enrolled
children: age ranged from 11 months to 15 years. Initial sample
sizes ranged from 30 to178, with seven trials enrolling less than
100 participants (Ahn 2017; Asgaonkar 2012; Jafarnezhadgero
2018; Kanatli 2016; Khamooshi 2017; Solanki 2020; Abd-Elmonem
2021). One trial included girls only (N=60) (Khamooshi 2017).
One trial included boys only (N=30) (Jafarnezhadgero 2018). The
period of follow up ranged from 4 weeks to 5 years and study
retention ranged from 42% to 100% (655/805 completions, average
81%). Interventions tested varied across the 10 studies comprising
foot orthoses (heel cups, UCBL orthoses, CFOs, PFOs, CPFOs,
valgus insoles, TCFOs, RFOs), shoes (straight last, straight last
with cookie, orthopaedic, orthopaedic with arch support, usual
footwear, supplied trial footwear, medical shoes), taping, NMES,
and exercises (foot exercises, foot and core exercises). The outcome
measures varied across all studies: x-rays (5), pedoscope/footprints
(3), pain (2), physical cost (2), self-perception (1), motor skills (2),
static measures (3), gait (1), joint laxity (1), kinematic and kinetic
gait analysis (1). The included studies were conducted across 30
years, between 1989 and 2021. The most recent trials (Solanki
2020; Abd-Elmonem 2021) discontinued the demonstrably fruitless
investigation of foot orthoses for asymptomatic healthy children
with flat feet, and implemented foot strength as the focus of
intervention.

Flat feet in children with JIA, or other clinical concerns

Two RCTs addressed children with JIA (Powell 2005; Coda 2014),
and provided data in a matter to enable us to pool them in meta-
analysis (Fellas 2017b). The small sample sizes of the studies
made inference insuLicient to guide practice, i.e. in all group
comparisons, the mean diLerence was larger than the minimal
clinically important diLerence (MCID) of 8 mm on a 100 mm visual
analogue scale (VAS) for pain at six months, within large confidence
intervals (CI). Overall results were inconclusive to support the use
of FOs in JIA foot and ankle pain.

Other clinical concerns of flat feet in children with foot pain, DCD,
and trials with only immediate eLects comprise the remaining
four trials that addressed either immediate intervention eLects
with no follow-up data, in small samples with and without foot
pain (Aboutorabi 2013; Bok 2016); a small sample with one-third

attrition over seven weeks in British boys identified as having a
DCD (Morrison 2013); or a small sample of healthy children with
painful flat feet (non-comparable study groups at baseline) over
12 weeks (Hsieh 2018). Separately, or combined, these four trials
oLer almost nothing, and at most, a possible trend. The inclusion
of a trial addressing children with flat feet and foot pain whilst non-
controversial, is also limited given the control group (only) received
analgesics (Hsieh 2018).

Overall completeness and applicability of evidence

As a consequence of data heterogeneity, we were unable to conduct
meta-analyses for the studies addressing asymptomatic flat foot
presentation in healthy children. The JIA meta-analysis, with two
studies, presents limited findings due to small samples. All studies
were single-blind trials, with the investigators being aware of
the type of intervention received, which may have resulted in
performance and detection (assessor) bias. Blinded healthcare
providers may also diLer from non-blinded ones in their degree of
attention to the children, or in their use of alternative forms of care.
Time frames varied across the trials, ranging from four weeks to
five years, making comparisons diLicult. The age ranges diLered
across studies, and therefore, it is diLicult to generalise about foot
orthoses as a treatment for paediatric flat feet in children, aged
11 months to 16 years. There was limited technical information
about the manufacturing process and prescription of the varying
types of FOs used in the trials. Three studies recruited children
of single sex (boys only (Jafarnezhadgero 2018; Morrison 2013);
girls only (Khamooshi 2017)), hence, it is unclear as to whether
results apply to both sexes. Twelve studies recruited both sexes.
One study did not specify sex (Solanki 2020). The shoes used across
the studies varied, the eLects of which are unclear; see Table
3. However, the use of usual footwear favours external validity,
and has wider community health relevance. Adverse eLects were
reported in one of the 16 trials, with no adverse eLects from
wearing FOs and shoes (Powell 2005). However, with only one trial
reporting on this variable, and given the many limitations of the
data available, caution must be noted. Gait analysis was included
in four studies (Asgaonkar 2012; Bok 2016; Jafarnezhadgero 2018;
Morrison 2013), but two studies only assessed the immediate
eLects of the intervention (Aboutorabi 2013; Bok 2016). More recent
trials addressed foot strength, but provided no useful clinical
information, given the small samples and short trial durations in
healthy, asymptomatic participants (Abd-Elmonem 2021; Solanki
2020).

The main outcome measures reported in the 16 trials, included
pain, function, and quality of life. Three studies investigated the
primary outcome specified by this review (pain reduction), but
diLerentially over three months and 12 months, in children with
JIA (Coda 2014; Hsieh 2018; Powell 2005). It is unclear if the Varni-
Thompson Paediatric Pain questionnaire (Varni 2002), used by
Powell 2005 related to symptoms in the children's feet and lower
extremities only, or if whole body pain was included. One trial
conducted a post hoc subgroup analysis of pain reduction for those
children who reported lower-limb pain at baseline, using a 0 to 10
VAS (Whitford 2007). However, the study design did not have an a
priori hypothesis to specifically test the eLects of CFOs or PFOs on
the treatment of painful flat feet. Asgaonkar 2012 measured pain
using a 0 to 10 VAS, and Hsieh 2018 assessed pain using the PODCI
(Daltroy 1998). Three studies directly investigated function as an
outcome (Hsieh 2018; Powell 2005; Whitford 2007), whilst a further
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five studies aLorded deference to gait as function (Aboutorabi
2013; Asgaonkar 2012; Bok 2016; Khamooshi 2017; Morrison 2013).
The intervention eLects aSer seven weeks in children with DCD
(Morrison 2013), aSer 8 weeks in children with JIA (Powell 2005),
aSer 12 weeks in children with painful flat feet (Hsieh 2018), and
aSer 1 year in children with asymptomatic flat feet (Whitford 2007)
were unsurprisingly, variable. Given the especially disparate clinical
presentations, range of follow-up periods, and small sample sizes
of these studies, only the substantial trial by Whitford 2007 (N
= 178), warrants further comment. Whitford 2007assessed both
motor proficiency and exercise eLiciency, and found no diLerence
between the two intervention groups (CFO and PFO) versus the
control group aSer 12 months.

Four studies investigated quality of life in children with JIA and foot
pain (Coda 2014; Powell 2005), in children with asymptomatic flat
feet (Whitford 2007), and in children with painful flat feet (Hsieh
2018). radiographic outcomes (x-rays) were assessed in five studies
in children with pain-free flat feet (Abd-Elmonem 2021; Ahn 2017;
Gould 1989; Kanatli 2016; Whitford 2007), with follow-up ranging
from four months to five years (Table 5). Two trials involved very
young children (11 to 14 months (Gould 1989), and 17 to 72 months
(Kanatli 2016), which captured the expectedly more pronounced,
and normal developmental flat foot posture and indistinct foot
skeletal morphology, given the physiologic age (Evans 2012; Gijon-
Nogueron 2019; Martinez-Nova 2018; PfeiLer 2006). Unsurprisingly,
the studies without control groups reported 'improvement' of one
intervention group over another, with no meaningful comparison
from baseline and diLering sample ages and sizes (Ahn 2017;
Gould 1989). Two studies with control groups found no diLerence
in x-ray findings between groups (Kanatli 2016; Whitford 2007),
however, Abd-Elmonem 2021 reported significant improvement in
x-ray parameters aSer four months of NMES versus sham-NMES
(both treatment and control groups also improved from receiving
foot strength exercises).

The intervention eLects aSer seven weeks in children with DCD
(Morrison 2013), aSer 8 weeks in children with JIA (Powell 2005),
aSer 12 weeks in children with painful flat feet (Hsieh 2018), and
aSer 1 year in children with asymptomatic flat feet (Whitford 2007)
were unsurprisingly, variable. Given the especially disparate clinical
presentations, range of follow-up periods, and small sample sizes
of these studies, only the substantial trial by Whitford 2007 (N
= 178), warrants further comment. Whitford 2007 assessed both
motor proficiency and exercise eLiciency, and found no diLerence
between the two intervention groups (CFO and PFO) versus the
control group aSer 12 months. Two studies with control groups
found no diLerence in x-ray findings between groups (Kanatli 2016;
Whitford 2007), however, Abd-Elmonem 2021 reported significant
improvement in x-ray parameters aSer four months of NMES versus
sham-NMES (both treatment and control groups also improved
from receiving foot strength exercises).

Quality of the evidence

We assessed the quality evidence using GRADE for the major
outcomes. We rated the evidence at low or very low certainty. No
study returned high quality evidence for any outcome. Two studies
were found to be of moderate quality evidence (Whitford 2007,
Coda 2014). The remainder of the studies were rated as low and
very low quality of evidence across all outcomes. We found 12
unpublished trials (Ongoing studies), which includes seven small
samples of healthy children, 2 samples of children with JIA, 1

sample of children with neuromuscular disorders, and one large
sample (N=1055) registered as two trials (Characteristics of ongoing
studies).

For the major outcomes in asymptomatic feet, evidence for
pain, function, quality of life and withdrawals due to adverse
events was downgraded to low-certainty due to possible selection,
performance and detection biases, as well as imprecision due
to data from mostly single studies. For the major outcomes in
symptomatic feet in children with JIA, evidence for pain was
downgraded to very low-certainty due to detection bias as children
and their parents knew which treatment they had, which may have
aLected their assessment of pain; as well as due to imprecision
and indirectness. Evidence was mostly of low-certainty for function,
treatment success, quality of life and withdrawal due to adverse
events in children with JIA, downgraded for bias and imprecision.

The  GRADE findings are reported in the SoF tables Pain reduction
was assessed in five trials (Asgaonkar 2012; Coda 2014; Powell 2005;
Wenger 1989; Whitford 2007), improvement in gait and function was
assessed in six trials  (Aboutorabi 2013; Bok 2016; Khamooshi 2017;
Morrison 2013; Powell 2005; Whitford 2007; Solanki 2020), and QoL
in three trials (Coda 2014; Powell 2005; Whitford 2007). The findings
from four trials including x-ray imaging (Kanatli 2016; Ahn 2017;
Gould 1989; Wenger 1989), are included in the  recent systematic
review of specifically x-ray findings (Choia 2020), which similarly
found low level certainty from the evidence.

Due to the poor methodological quality of  the trials, and
heterogeneity of the studies within this review, definite conclusions
could not be made. Further, the necessity of further attention
to healthy children with flexible, pain-free flat feet is now
demonstrably unfounded (Kanatli 2016, Martinez-Nova 2018).

Potential biases in the review process

Two authors were involved in the previous systematic review in
2010 (Rome 2010). AE has several publications in this field. AE
and KR, are co-authors on an earlier literature review (MacKenzie
2012). However, all aspects of this review have been carried out
with author independence, decisions reached by consensus, and
reviewed by the Cochrane Musculoskeletal Group. We followed the
Cochrane methodology to reduce sources of potential bias in the
review process.

Agreements and disagreements with other studies or
reviews

This updated Cochrane Review expanded the previous findings
of Rome 2010, which stated that low quality evidence negated
conclusive evidence on the benefits of non-surgical interventions
for flat feet. These findings are largely in agreement with the
conclusions of a prior critical review (MacKenzie 2012).

Low quality evidence from studies addressing the asymptomatic
flexible paediatric flat foot have occupied too much of the medical
literature, and for too long (Evans 2021). Another systematic review,
which included studies from lower levels of the evidence hierarchy,
concluded: "FOs show potential as a treatment method for children
with flexible pes planus" despite the poor methodological quality
of studies (Dars 2018). A more recent systematic review evaluated
the long-term structural eLect of orthoses for paediatric flexible
flatfoot and did not support its use on the medial longitudinal arch,
determined by radiographic imaging (Choia 2020). Further, it was
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revealed that flat feet in young children improved with growth,
regardless of the type of footwear used. This is now a repeated
theme across the literature (Gijon-Nogueron 2019; Kanatli 2016;
Martinez-Nova 2018; PfeiLer 2006; Wenger 1989; Whitford 2007),
and there is no strong evidence that the long-term use of foot
orthoses improved the structure of flat feet in children (Choia 2020).

Hence, a decade later, more trials have contributed only
low level evidence. It is concerning that  this situation
is continued in  the majority of currently registered trials.
We identified several ongoing trials, yet to be completed
and published (ACTRN12616001082493; CTRI/2018/07/014989;
CTRI/2019/08/020925; IRCT2017082235517N1; ISRCTN14602568;
ISRCTN49672274; KCT0001717; NCT02414087; NCT02633566;
NCT03151538; NCT04104555; NCT04410926). Concerningly, most
of these trials are designed similarly to those we included in this
review, i.e. most address the use of foot orthoses as an intervention
for asymptomatic paediatric flat feet, in small samples of young and
healthy children.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We conclude that there is no evidence to support the eLicacy of foot
orthoses (FO) for children with asymptomatic (painless) flat feet.
The evidence from randomised controlled trials (RCT) is thwarted
by biases aLecting the study quality, diverse participants, varied
clinical presentations, ranging interventions, disparate outcome
measures, small sample sizes, high attrition, and lack of follow-up.

Further, the evidence across four decades remains very limited,
with ill-defined conclusions about foot orthoses for treating
paediatric flat feet. Very-low to low-certainty evidence from two
studies evaluating the eLectiveness of FOs for foot and ankle pain in
children with juvenile idiopathic arthritis (JIA) found inconclusive
evidence on the benefits of foot orthoses on pain, child- and parent-
rated quality of life, quality of life, or withdrawals due to adverse
events.

Whilst less frequent, children with painful flat feet are directed to
use low-cost PFOs with well-selected footwear. Footwear, a given
influence for FOs, is demonstrated to alter gait and foot mobility,
and hence requires regard in both clinical and research settings.
Available normative foot posture data, triage principles, and wider
diagnoses must be considered before any intervention occurs.

Given the lack of diLerence between the low cost PFOs and the
expensive CFOs, and the benefits of early treatment, clinicians
may consider immediate use of PFOs for JIA foot and ankle pain.
JIA is indisputably consequential, and many children experience
disabling foot and lower limb pathology despite best available
pharmaceutical measures.

It is hoped that this review will inform health professionals,
researchers, parents, and children alike, so that concerns about
paediatric flat foot presentations are triaged in accordance with
best available evidence.

Implications for research

This review identified low to very low-certainty evidence that the
eLect of foot orthoses on pain, function, and quality of life in
children with asymptomatic (painless) flat feet is uncertain.

Recently, the normal, age foot posture in children was published,
and shows that children are expected to have varying flat
feet as a part of normal growth (without foot pain, leS and
right feet looking similar and flat feet should reduce with
age - angelaevanspodiatrists.com.au/evidence-essentials-blog-8-
june-2019/). The availability of normative and prospective foot
development data, dismisses most flatfoot concerns, and negates
continued attention to this topic. The agenda for researching
flat feet in children should target children with indisputable
foot pathology from discrete diagnoses, namely, foot pain and
diagnoses of JIA; syndromes associated with hypermobility (e.g.
Down, Ehlers-Danlos, Marfan, etc); neuromuscular conditions (e.g.
cerebral palsy; muscular dystrophy or atrophy), and perhaps
conditions with rising public health implications (e.g. physical
inactivity, obesity, hypertension, diabetes). In such warranted
investigations, the use of similar and validated outcome measures
would allow the combination of results, and the ability to pool
estimates, to obtain meaningful consensus. Any future trials in
relevant cohorts must be adequately powered with participants,
and evaluate whether any group diLerences are both real and
clinically worthwhile. Short-term benefit should be established, in
order to justify the considerable resources and ethical implications
for lengthy studies. Follow-up periods of at least five years are
needed due to lower limb and foot growth in children. This will avail
observation in children that may predict any predisposition to foot
and gait problems as adults. If no such diLerences are observed,
there would be no need to treat flat feet in children, regardless of
the aetiology.

Dispelling misconceptions regarding paediatric foot posture
will save resources in the form of clinical consultations,
the cost of unnecessary intervention, and misidentification of
'deficiency' (Evans 2021). There are two ongoing trials addressing
children with JIA (ACTRN12616001082493; ISRCTN49672274), and
one large scale trial for children with symptomatic flat feet
(NCT04104555), but many current trials will add little to the body of
evidence, and probably waste research resources.

The agenda for researching asymptomatic flat feet in healthy
children is now firmly closed, as there is no justification for
wasting research and healthcare resources on flat feet in healthy
children that do not hurt. Instead, a new and targeted research
agenda, addressing children with indisputable foot pathology
and associated diagnoses is definitely indicated, and further,
encouraged. Future updates of this review will address only
relevant paediatric foot conditions.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants Initially recruited N = 134, excluded = 62

Study included: 72 children with flat feet, 36 in each group

Age: 7 to 12 years old male and female

Gender: 31 M, 35 F (M/F - 15/18 in intervention group; 16/17 in sham group)

Setting: out-patient Physical Therapy Clinic of Faculty of Physical Therapy, Cairo University, Cairo,
Egypt

Inclusion criteria: (i) diagnosed (by an orthopedist) with asymptomatic flexible flatfoot, (ii) navicular
drop more than 9 mm, (iii) grade III flatfoot Staheli Arch Index (midfoot width exceeding forefoot width)

Exclusion criteria: (i) congenital deformities of the lower extremities (e.g. genu valgum, femoral antev-
ersion), (ii) scar or osseous anomalies

Baseline characteristics: age, mean (SD): 9.5 (1.02) in intervention group; 9.45 (0.76) in sham group

Interventions Group 1: neuromuscular electrical stimulation and corrective exercise - 4 months (3 sessions/week)

Group 2: sham neuromuscular electrical stimulation and corrective exercise - 4 months (3 ses-
sions/week)

Outcomes Assessments of Staheli’s arch index (through foot print), navicular drop (through navicular drop test),
and radiographic indexes (through anterior-posterior and medio-lateral X-ray) of both feet were per-
formed before and after the intervention programmes

Source of funding This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors

Notes Trial registration: NCT04410926

Risk of bias

Bias Authors' judgement Support for judgement

Abd-Elmonem 2021 
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Random sequence genera-
tion (selection bias)

Low risk "The online Graph Pad software was used to allocate study participants".

Allocation concealment
(selection bias)

Low risk "The randomisation was carried out by an independent person, who was un-
aware of the study protocol and not otherwise in control of the study".

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk "All children/legal guardians, radiologist and researchers responsible for eval-
uations were blinded to participants’ allocation".

However it is unclear whether the blinding was successful, as the trialists did
not discuss the possibility that participants might have guessed their interven-
tion based on whether they felt any discomfort related to the intervention or
not.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Low risk There were no self-reported outcomes

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Low risk Outcome assessors were blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 3/36 (discontinued intervention = 3) in the intervention, and 3/36 in control
group (discontinued intervention = 2; femoral fracture = 1) withdrew from the
study and not included in the analysis

Selective reporting (re-
porting bias)

Low risk trial registered, results for all pre-specified outcomes reported

Other bias Low risk none apparent

Abd-Elmonem 2021  (Continued)

 
 

Study characteristics

Methods Randomised controlled three-arm parallel trial

Participants Initially recruited N = 62, 12 excluded

Study included: 30 children with flat feet, 20 healthy controls

Age: average 7.76 (1.4) years

Gender: 30 M, 20 F (flat foot – 18 M, 12 F; healthy – 12 M, 8 F)

Location - Hehran, Iran

Setting: Iran University of Medical Sciences, Dept Orthopedics and Prosthetics, Faculty of Rehabilita-
tion Sciences

Inclusion criteria: flat foot and healthy children; flatfoot FPI > +6

Exclusion criteria: contracture of soS tissue, genu varum or valgum, structural congenital deformity,
lower extremity fracture, neurological problems, foot or ankle surgery in past 6 months, leg length dis-
crepancy

Aboutorabi 2013 
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Baseline characteristics: trial group/flat feet N = 30, 18 M:12 F, control group/non-flat feet N = 20, 12 M:8
F

Interventions 1. functional foot orthoses and regular shoe

2. medical shoes

3. barefoot

Outcomes Outcomes were measured as immediate effects at baseline only.

Gait parameters for the 3 interventions, i.e.

1. step length

2. step width

3. walking velocity

4. symmetry

5. centre of pressure (CoP) displacement

Source of funding none

Notes - FPI (Foot Posture Index) of healthy group is not defined, versus the flatfoot group FPI +6 to +12. Hence,
basis for comparison from baseline unclear

- Immediate effects only, hence, we did not include this trial in further analyses

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process to permit
judgement of low risk or high risk.

‘A randomised method was used for the sampling from the flat footed children
who were referred for a new pair of shoes’.

‘The test order was randomised for each child to minimize learning effect.’

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Each child participates in barefoot, regular shoe, and medical shoe trials. No
blinding was performed.

Research staL prepared each child for barefoot, regular shoe, and medical
shoe trials. No blinding was performed.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

High risk N/A

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk Outcomes included assessment of gait parameters. Both the participant and
the researcher were considered to be outcome assessors as both could influ-
ence the result. The participants were not blinded. No mention was made of
blinding of researchers involved in outcome assessment.

Aboutorabi 2013  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement of low risk or hHigh risk.

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk.

Other bias Unclear risk 5 min rest was allowed between testing conditions for each child. It was not
clear if this was sufficient to eliminate a carry-over effect. The random order of
testing minimised this effect.

Aboutorabi 2013  (Continued)

 
 

Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants 40 children with flexible flat feet

Age: average 10 (4.5) years

Gender: 24 M, 16 F

Location: Daejeon, Korea

Setting: Department of Pediatric Rehabilitation at Chung Nam National University Hospital

Inclusion criteria: flexible flatfoot defined as > 4° valgus RCSP, one abnormal x-ray finding i.e. > 30° AP
talo-calcaneal angle, > 45° lateral talo-calcaneal angles, > 4° lateral talo-metatarsal angles, < 10° cal-
caneal pitch

Exclusion criteria: rigid flatfoot, of any cause

Baseline characteristics: matched except for age - RFO 10.14 (4.99) years, TCFO 9.59 (4.24) years

Interventions 1. rigid foot orthoses (N = 20)

2. talus control foot orthoses (N = 20)

Outcomes - RCSP

- x-rays, 4 angles: AP talo-calcaneal angle, lateral talo-calcaneal angles, lateral talo-metatarsal angles,
calcaneal pitch

Both measures were assessed at baseline and after 12 months

Source of funding none reported

Notes no mention of pain, or gait parameters

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process to permit
judgement of low risk or high risk.

Ahn 2017 
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‘Forty children were randomly prescribed a foot orthosis: 20 a RFO and 20 a
TCFO’

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Participants were not blinded

Personnel were not blinded

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

High risk N/A

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk It was not clear if the person who measured resting calcaneal stance position
or radiographs was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk The number of children who completed the study, or for whom outcome data
were presented was not reported.

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk.

Other bias Unclear risk Funding source for orthoses was not stated.

Ahn 2017  (Continued)

 
 

Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants 80 children with flat feet, aged 5 to 15 years, in Mumbai, India

1. treatment group N = 45

2. age-sex matched control group N = 35

Age: 5 to 15 years

Gender: not stated, but groups 'age and sex matched' (p 91)

Location: primary and secondary schools

Setting: Mumbai, India

Inclusion criteria: flat feet - from footprint measures (Bleck arch index > 1.15)

Exclusion criteria: fixed foot deformity, surgeries for foot deformities, pain injury that had required non-
weight bearing, systemic problems

Baseline characteristics: matched, but uneven group sizes

Interventions 1. valgus insole, rubber material of average thickness 4 cm (N = 45)

Asgaonkar 2012 
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2. no treatment (N = 35)

Outcomes Outcome measures at baseline and 12 months

1. Pain - VAS

2. PCI (physical cost index) - average HR and speed for 100 m walk

3. Gait parameters - step length, stride length, cadence, walking velocity

Source of funding none reported

Notes - 20/80 dropouts in 12-month trial, most from treatment group

- pain used VAS – some children were only 5 years old

- valgus insole vague; unsure re: footwear used in either group (presume ‘usual’, but not stated)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process to permit
judgement of low risk or high risk.

"Out of the total 80 students, age, and sex, matched two groups were made at
random; control group consisting of 35 students and experimental group con-
sisting of 45 students."

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk No blinding, and the outcome was likely to be influenced by lack of blinding.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

High risk No mention was made of blinding of researchers involved in outcome assess-
ment.

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

High risk No mention was made of blinding of researchers involved in outcome assess-
ment.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Imbalance in number of dropouts per group.

n = 45 in the experimental group, 9 participants withdrew from the study and
an additional 6 participants leS the school.

n = 35 in the control group, it appears 5 participants leS the school and none
withdrew from the study.

Reasons for dropouts from the experimental group were not provided, but are
likely related to the intervention.

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk.

Asgaonkar 2012  (Continued)
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Other bias Unclear risk No funding source reported

Asgaonkar 2012  (Continued)

 
 

Study characteristics

Methods Randomised controlled four-arm parallel trial

Participants 21 children with symptomatic flexible flat feet

Age: aged 8 to 13 years

Gender: 8 M, 13 F

Location: Jung-gu, Daejeon, South Korea

Setting: Department of Rehabilitation Medicine, Chungnam National University Hospital

Inclusion criteria: severe flat feet with pain, RCSP > 6° everted

Exclusion criteria:

(i) a fixed foot deformity

(ii) reported previous intervention (e.g. orthoses or surgery)

(iii) congenital and developmental foot disease

(iv) neuromuscular or central nervous system disease

Children with a history of overuse or traumatic injury to the lower limb in the past 6 months, bony
surgery to the lower limb, or systemic endocrine, neurogenic, or musculoskeletal disorders were also
excluded.

Baseline characteristics: 8 M:13 F

Interventions All children trialled 4 shoes with different degrees of orthotic (N = 21):

1. shoes

2. shoes and 0° orthotic

3. shoes and 15° orthotic

4. shoes and 30° orthotic

Outcomes Plantar pressures - peak pressure, maximum force, contact area

Reported shoe and orthotic condition, as immediate effects on plantar pressures

Source of funding orthoses supplied by Korean company

Notes - did not include any pain evaluation (yet all participants were symptomatic at baseline)

- immediate effects only, hence, we did not include this trial in further analyses

Risk of bias

Bias Authors' judgement Support for judgement

Bok 2016 
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Random sequence genera-
tion (selection bias)

Unclear risk ‘The 4 orthotic conditions were tested in a random order to minimize potential
sequencing effects.’

Insufficient information about the sequence generation process to permit
judgement of low risk or high risk.

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Each child participated in each orthotic condition. No blinding was performed.

Research staL dispensed the orthoses to the children. It was unclear how in-
volved the research staL were in preparing each child for each trial, for exam-
ple, fitting the orthoses in the shoes.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Unclear risk Immediate effects only

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk Outcomes included assessment of gait parameters. Both the participant and
the researcher were considered to be outcome assessors, as both could influ-
ence the result. The participants were not blinded. No mention was made of
blinding of researchers involved in outcome assessment.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient reporting of attrition/exclusions to permit judgement of low risk or
high risk.

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk.

Other bias Unclear risk It was not clear if participants were allowed an adjustment period for each or-
thotic design. The more aggressively posted orthoses may require a longer pe-
riod to adjust to normalise gait.

Bok 2016  (Continued)

 
 

Study characteristics

Methods Randomised controlled two-arm parallel trial, single blinded, multi-centre

Participants 60 children with JIA

Ages - 11.17(3.51) control PFOs, 10.64(3.84) fitted PFOs

Genders: control PFOs 6M/23F; fitted PFOs 9M/22F

Setting: Paediatric Rheumatology hospital clinics

Location: Scotland, UK

Inclusion criteria: diagnosed with juvenile idiopathic arthritis (JIA; any subtype) according to Interna-
tional League of Associations for Rheumatology criteria, lower extremity joint involvement with disease
onset ranging from 5 to 18 years, previous failure of orthotic management in which the child has not
worn any foot orthoses for at least 3 months, ability to walk a minimum of 15 metres or more without
assistive devices, at least 6 months after start of disease modifying antirheumatic drug therapy

Coda 2014 
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Exclusion criteria: inability to walk barefoot or shod, concomitant musculoskeletal disease, central or
peripheral nerve disease and endocrine disorders, previous foot surgery, currently using foot orthoses,
supply of foot orthoses is contraindicated

Baseline characteristics: CPFO group had higher VAS, 14 versus 6.5 in PFO group (NS); CPFO group had
65% oligoarthritis versus PFO 44.8%

Interventions 1. Fitted PFOs, customised in clinic (N = 31)

2. Control PFOs (N = 29)

Both PFO types had same black covers to assist blinding

Outcomes Baseline, 3 and 6 month outcomes

- VAS

- PedsQL

Source of funding Queen Margaret University, Edinburgh - PhD scholarship

Notes Foot posture was not defined

Validated outcome measures used

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk “After obtaining informed consent, children were randomised in blocks of 10
each by an online computer random number generator (www.randomiza-
tion.com).”

Allocation concealment
(selection bias)

Unclear risk No specific mention of allocation concealment.

Insufficient information to permit judgement of high or low risk

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk low - ‘The control FOs was made with leather board (1 mm) without correc-
tions. Both FOs had the same black-ethylene vinyl acetate (EVA) top cover
(0.75 mm) to allow for blinding and monitoring the level of adherence to wear-
ing the FOs.’

high - study did not blind investigators to the intervention, and the outcome
may be influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Low risk Pain measured by participants

HRQoL measured by participants and parents/carers

Participants and their parents/carers are blinded

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk N/A

Incomplete outcome data
(attrition bias)
All outcomes

Low risk ‘Overall, 179 out of a possible 180 assessments were completed (99.4%) and
accounted for statistical analysis.’

No reason for missing data given and it was not clear from which group and
time point the data were missing.

Coda 2014  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol. Insufficient information to permit judgement
of low risk or high risk.

Other bias Unclear risk It is not clear how the orthoses in this study were funded.

Coda 2014  (Continued)

 
 

Study characteristics

Methods Randomised controlled four-arm parallel trial

Participants 125 normal toddlers (beginner walkers) aged 11 to 14 months

Age: 11 to 14 months

Gender: not stated, except “boys and girls” Table 2, p 243 – genders/groups at 5 years (27 M, 25 F)

Location: University of Vermont, USA

Setting: pediatrics dept

Inclusion criteria: "clinically normal children... aged 11 to 14 months"

Exclusion criteria: none stated

Baseline characteristics: sex ratio at baseline not stated

Interventions Group 1, N = 50 – straight last shoes

Group 2, N = 25 – Group 1 shoes + long arch cookies

Group 3, N = 15 – orthopaedic shoes with long counters, solid shanks, Thomas heels, 0.3 cm inside heel
wedges

Group 4, N = 25 – Group 3 shoes + thin longitudinal arch support

Outcomes Baseline, 2,3, and 5 years

- x-ray angles (AP talo-1st metatarsal, lateral talo-1st metatarsal, lateral talo-calcaneal)

- biometry (pedoscope - arch appearance)

- clinical examination - use of shoes, examination of femoral, tibial, knee configuration - "will be report-
ed in detail subsequently"

Source of funding 1. Annual grant from Footwear Association

2. Shoes provided by Sabel shoes

Notes Group 1, N = 50 acting as shod control group, across 4 years of the trial

High attrition - 52/125 finished the study

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk ‘divided by lot into four difference footwear groups’.

Gould 1989 
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Insufficient information about the sequence generation process to permit
judgement of low risk or high risk.

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Participants were not blinded

Personnel were not blinded

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Unclear risk N/A

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk ‘A determination was made as to whether the arch was slightly or moder-
ately improved. The records were then consulted to determine what type of
footwear was worn in each case.’

It was not clear who made this determination, and if they had opportunity pri-
or to looking at the records to know what footwear was worn in each case.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 42% of children completed the trial. Attrition was uneven between groups.
Reasons for attrition were not sufficiently reported to permit judgement of low
risk or high risk.

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk.

Other bias Unclear risk Subjective and non-validated outcome assessments. ‘A determination was
made as to whether the arch was slightly or moderately improved’

Gould 1989  (Continued)

 
 

Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants 52 healthy children with symptomatic flexible flatfoot

Age: all approximated 6 years - treatment group 6.9 (0.6) years, control group 6.2 (0.4) years

Gender: (28 M, 24 F)

Location: Shin Kong Wu Ho-Su Memorial Hospital, Taiwan

Setting: Dept Physical Medicine and Rehabilitation

Inclusion criteria: symptomatic flexible flatfoot (pain over the foot or calf, fatigue after prolonged walk-
ing, and gait disturbances)

Exclusion criteria: history of foot injury or surgery, foot abnormalities affecting locomotion or foot mo-
bility, or a confirmed diagnosis of developmental delays, such as developmental co-ordination disor-
der and neurological deficits

Hsieh 2018 
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Baseline characteristics: treatment group had significantly lower scores for PODCI (transfer and mobili-
ty), PedsQL (physical, psychological, total health)

Interventions Treatment group (N = 26): thermoplastic insoles, heat moulded to child's feet (CPFOs)

Control group (N = 26): no treatment

Outcomes Physical activity: timed 10-m walk, stair ascent, timed up and go, chair rise

Physical function: parent reported PODCI (Chinese version)

Psychometric: PODCI, PedsQL (parent report)

Source of funding Multiple research grants from Shin Kong Wu Ho-Su Memoril Hospital, and Ministry of Science and Tech-
nology, Taiwan

Notes Trial ran for 12 weeks

Flatfoot assessment: ND test, FPI-6, lat and AP x-rays, Beighton score

Self-selected usual footwear

Insole use suggested to be 5 hours/day

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The participants were randomly assigned to the treatment group (with cus-
tomized insoles) or the control group (without customized insoles) according
to computer-generated random numbers (Fig. 1).

Allocation concealment
(selection bias)

Low risk Allocation was initially concealed. A sealed envelope was opened for each con-
secutive participant to reveal the participant’s group allocation when the par-
ticipant was recruited to the study. One physician enrolled all participants, and
another investigator generated the allocation sequence and assigned the par-
ticipants to their groups.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Control group had no orthotic intervention

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

High risk Due to nature of intervention

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

High risk High risk for primary outcome of pain as participants were not blinded. Se-
condary outcomes that were assessed by a blinded assessor had low risk of
bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Numbers and reasons provided for missing outcome data. Number was small
and reason provided unlikely to be due to the intervention.

Selective reporting (re-
porting bias)

High risk ClinicalTrials.gov (NCT02414087)

The published study included more outcomes than are listed in the trial reg-
istry.

Hsieh 2018  (Continued)
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Other bias Low risk none apparent

Hsieh 2018  (Continued)

 
 

Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants 30 healthy boys, with flexible flat feet

Age: 8 to 12 years

Gender: all boys

Location: not clear - boys 'recruited from orthopaedic specialists in local community' (p 4)

Setting: not clear, ethics approval and trial registry within Iran (p 4)

Inclusion criteria: boys who volunteered, flat feet assessed using navicular drop, arch height index,
RCSP

Exclusion criteria: history of bone fractures, signs of functional lower limb instability, ligament injury,
reconstruction of ligaments, neuromuscular dysfunction, dysfunction of lower limb muscles, leg length
differences larger than 1 cm, and a history of lower extremity trauma or surgery.

Baseline characteristics: all were right foot dominant, no significant baseline differences between
groups for examined variables

Interventions Treatment group (N = 15): medial arch support foot orthoses (custom made medial arch support foot
orthoses), CFOs

Control group (N = 15): flat 2-mm thick insoles (sham)

Outcomes Gait kinematics and ground reaction forces (kinetic) - joint vectors, moments, and ground reaction
forces

Source of funding Deutsche Forschungsgemeinschaft (DFG), and Open Access Publishing Fund of University of Potsdam,
Germany.

Notes All participants issued with same footwear (New Balance 759)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Says only ‘The block randomization method was used to allocate study partici-
pants into experimental groups.’

Allocation concealment
(selection bias)

Unclear risk Says only; ‘Another naïve examiner controlled the allocation of each partici-
pant and was responsible for delivering the treatment to both groups.’

Not enough information to determine risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Sham orthoses used

Jafarnezhadgero 2018 
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Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

High risk Due to nature of intervention

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Low risk Examiners blinded for all outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No missing data

Selective reporting (re-
porting bias)

Unclear risk Iranian Registry of Clinical Trials (IRCT2017082235517N1; URL: www.irc-
t.ir/user/trial/26811/ view) - unable to access the online trial registry.

Other bias Low risk none apparent

Jafarnezhadgero 2018  (Continued)

 
 

Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants 45 children, gender (33 boys, 12 girls) - with moderate flexible flatfoot

Age: mean age 39.5 months (17 to 72 months)

Location: Ankara, Turkey

Setting: Gazi University School of Medicine

Inclusion criteria: moderate flexible flatfoot (Volpe classification - Jack's test, standing heel position)

Exclusion criteria: rigid flatfoot, neuromuscular disorders, genetic disease associated with collagen ab-
normalities

Baseline characteristics: sample sex ratio 33 M: 12 F, not stated/group

Interventions 1. orthopaedic shoes, N = 21

2. control group, N = 24

Outcomes Baseline and at follow up, i.e. 34.6 (10.9) months (range 24 to 57 months)

- Joint laxity (Wynne-Davis method)

- Arch Index (Staheli method)

- x-ray angles (lateral and AP talo-1st metatarsal, lateral talo-horizontal, lateral calcaneal pitch, lateral
and AP talo-calcaneal)

Source of funding not stated

Notes Orthopaedic shoes had internal ‘orthosis’ and Thomas heels

Risk of bias

Kanatli 2016 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Systematic, non-random approach. ‘Patients were randomised and separat-
ed in two groups. Randomization was made by weekly basis. Patients that ful-
filled the inclusion criteria during even number weeks consisted group 1 and in
odd number weeks consisted group 2.’

Allocation concealment
(selection bias)

High risk Inexplicably unconcealed procedure: allocated depending on week odd or
even week at enrolment.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Children were not blinded. Children received orthopaedic shoes or no inter-
vention.

Personnel fitted the orthopaedic shoes or no intervention.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Unclear risk N/A

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk It is not clear who assessed the outcomes and if this person was aware of
group allocation.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All enrolled children completed the study.

Selective reporting (re-
porting bias)

High risk Arch index scores were not reported for any time point.

Other bias Unclear risk It was not clear how the orthopaedic shoes in this study were funded.

Kanatli 2016  (Continued)

 
 

Study characteristics

Methods Randomised controlled three-arm parallel trial

Participants 60/130 girls with flat feet

Age: 9 to13 years

Gender: all girls

Location:Tehran, Iran

Setting: Schools of Khalil Abad county

Inclusion criteria: female, good general health, flexible flat feet – assessed using tip toe test, navicular
collapse

Exclusion criteria: lower extremity surgery, fracture, orthopaedic problems

Baseline characteristics: all girls, matched re age, BMI

Interventions 1. control group, N = 20

Khamooshi 2017 
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2. stretches, strengthening; i.e. Achilles tendon stretching and strengthening, exercises effective on the
interior longitudinal foot arch, N = 20

3. stretches, strengthening, core exercises; i.e. exercises related to the muscles, Achilles tendon stretch-
ing and strengthening, exercises effective on the interior longitudinal foot arch and activities for core
stability, N = 20

Baseline, and after exercise programme: groups 2 and 3 performed the exercises for 8 weeks, three
times a week, in the form of three turns with 20 repetitions.

Outcomes Pre/post exercise programme (8 weeks apart)

- Staheli footprint arch index: the narrowest section of the arch (A) was divided by the broadest section
of the foot (B) based on Staheli's formula (AI = A/B)

- Navicular collapse test: seated with knee flexed 90 degrees, and subtalar neutral position. The navicu-
lar height from ground measured (mm). This is repeated with participant standing, and the difference
recorded as the navicular collapse rate.

Source of funding Not stated

Notes Only Staheli index reported, and yet Navicular collapse is stated to improve with exercises (both
groups), versus control (p 154)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information about the sequence generation process to permit
judgement of low risk or high risk.

‘In the present study, 60 female students with flat feet disorders were selected,
who were stochastically assigned to three 20-individual groups’

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Participants were not blinded

Personnel were not blinded

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Unclear risk N/A

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk It was not clear if the person who measured Staheli arch index was aware of
group allocation.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk The number of children who completed the study, or for whom outcome data
were presented was not reported.

Selective reporting (re-
porting bias)

Unclear risk Data for ‘navicular bone collapse’ (also referred to as Navi Loss within the pa-
per) was not reported.

Other bias Unclear risk The training programmes were inadequately described.

Khamooshi 2017  (Continued)
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Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants 22 children were approached to participate in the study. All were male, white, British, and FPI > +4

20 children consented to participate, then 5 failed to attend. 1 participant withdrew

14 participants (median age 7.5 years) completed the study

Age: aged 6 to 11 years

Gender; all white British boys

Location: London, UK

Setting: children’s physical rehabilitation programme (Children’s Therapy Service at Medway Commu-
nity Healthcare)

Inclusion criteria: diagnosis DCD, flat feet defined by FPI > +4

Exclusion criteria: medical complications likely to affect gait – neuromuscular, orthopaedic conditions

Baseline characteristics: all boys, stated that groups were similar for age, foot posture, and hypermobil-
ity (but no demographic data)

Interventions - CFOs (N = 9)

- no CFOs (N = 5)

Both groups completed a 7-week rehabilitation programme

Outcomes - Spatio-temporal gait (Gait-rite system)

- Six-minute walk test

No significant differences from baseline to 7 week completion.

Source of funding Canonbury Healthcare funding

Notes High attrition - 14/21 (68%) finished the trial

Small sample

Specific cohort

Preliminary trend inferred from NS results

No true control group – quasi RCT

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk All participants entering the study were quasi-randomised into one of the two
groups..’. Method of randomisation unclear

Allocation concealment
(selection bias)

Low risk ‘…using a sealed envelope technique. Each envelope was opened after the
child consented to taking part in the programme’

Morrison 2013 

Foot orthoses for treating paediatric flat feet (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

56



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Participants aware of foot orthoses being supplied at the start of end of reha-
bilitation program.

Personnel supplied the orthoses at the start or end of the rehabilitation pro-
gramme.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Unclear risk N/A

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

High risk The investigator was blind to the treatment group during the initial data col-
lection. It was not clear if investigators were blind at the time of outcome as-
sessment at follow-up. The gait parameters reported are influenced by the
participants who were not blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Reasons not provided for attrition.

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk

Other bias Low risk Source of funding declared and independence of funder from research design,
conduct and reporting assured.

Morrison 2013  (Continued)

 
 

Study characteristics

Methods Randomised controlled three-arm parallel trial

Participants 48 children with JIA, and persistent lower limb pain were enrolled (sample size calculation not stated)

Age: 5 to 19 years (mean 12 years, 7 months, SD 3.7)

Gender: 30 F, 10 M

Setting; outpatients, Southern Californian children's hospitals,

Location: San Diego, USA

Inclusion criteria: diagnosed juvenile chronic arthritis; over 5 years old, active foot disease, history of
foot pain over 1 month, able to walk 50 metres, stable medications

Exclusion criteria: previous use of shoe inserts, joint injections in last 6 months, osseous anomaly

Baseline characteristics: fewer males in CFO group (13.3% versus 33.3% in PFO, 30.8% in shoes); more
polyarthritis in CFO group (73.3% versus 50% in PFOs, and 30.8% in shoes); CFO group had more pain
on VAS (5.23) versus PFO (VAS 3.5), versus shoe (VAS 4.7)

Interventions 1: custom-made semi-rigid foot orthoses (CFO)

2: prefabricated foot orthoses (PFO)

3: new athletic footwear with a medial longitudinal arch and shock-absorbing sole

Outcomes Outcomes measured at baseline and 3 months

Powell 2005 
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1. Paediatric Pain questionnaire: 0 to 10-point VAS scale (0 = no pain)

2. Timed walking speed

3. Foot Function index: 3 subscales - activity limitation, foot pain, disability, 0 to 100-point scale (0 = best
function)

4. Physical functioning subscale of PedsQL, 0 to 100-point scale (0 = worst function)

Source of funding Foot orthoses supplied by Langer Biomechanics, Neoprene insoles supplied by Spenco Medical

Notes Pain reported in the trial using two instruments (Pediatric pain questionnaire and foot pain subscale of
the Foot Function index)

For this review, we extracted data using the Pediatric pain questionnaire for the analysis of pain

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Method of random sequence generation unclear. ‘Once accepted into the
study, each subject was randomly placed…’

Insufficient information about the sequence generation process to permit
judgement of low risk or high risk.

Allocation concealment
(selection bias)

Low risk ‘Sealed envelope containing a predetermined numbered placement card into
one of the 3 intervention groups’

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk No blinding and the outcome may be influenced by lack of blinding

Physical therapist 1 who administered the interventions was not blinded

Physical therapist 2 who performed baseline and follow-up measures was
blinded

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

High risk Pain, level of disability, and activity limitation measured by participants

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

High risk Speed of ambulation influenced by participant and measured by personnel

The outcome measurement may be influenced by lack of blinding

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Withdrawals few and similar between groups

No child withdrew from the study because of discomfort or lack of efficacy.
Children who withdrew were not different from children who completed the
study in terms of parental education level, family income, race/ethnicity, or
child’s age, gender, or type of arthritis.’

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk.

Other bias Unclear risk Orthoses and shoe inserts reported to be donated by medical products com-
panies. No assurance was made of their independence from the research de-
sign, conduct, or report.

Powell 2005  (Continued)
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Study characteristics

Methods Randomised controlled two-arm parallel trial

Participants 166 children screened, with 70 meeting the criteria, 44 randomised into two arms (22 each) and 44 pro-
vided final outcome data

Age: children were in 8th and 9th standard in the school (probably 13 and 14 year olds)

Gender: boys and girls, no other details provided

Location: India

Setting: schools in Bardoli, Gujarat, India

Inclusion criteria: children with flat feet assessed using 'too many toes' sign, calcaneal angle, and nav-
icular height

Exclusion criteria: previous trauma or fracture of lower limb, history of previous surgeries of the lower
limb during last 3 months, hypersensitive skin, and any allergy to tape

Baseline characteristics: not reported

Interventions Group A: anti-pronation taping + conventional treatment for 4 weeks

Group B: sham taping + conventional treatment for 4 weeks

A common (4 week) intervention program was executed for both groups as conventional therapy,
which included strengthening exercise, stretching, & faradic foot bath that was given for 30 minutes per
day

Outcomes star excursion balance test (SEBT), vertical jump height (VJH), and Illinois agility test (IAT) measured at
1, 2, 3, and 4 weeks

Source of funding not described

Notes We used 4 weeks of data for the SEBT scores, VJH, and IAT, as the intervention was given for 4 weeks.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "By use of lottery method, 44 children were randomly selected".

We presumed this was drawing of lots.

Allocation concealment
(selection bias)

Low risk Allocation was concealed using opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk It appeared that from the participants' point of view, sham taping was not dis-
tinguishable from the anti-pronation taping.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Low risk no self-reported outcomes reported

Solanki 2020 
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Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Low risk measurement of the outcomes were unlikely to be affected by knowledge of
the intervention

Incomplete outcome data
(attrition bias)
All outcomes

Low risk no withdrawals

Selective reporting (re-
porting bias)

Unclear risk trial was not registered; baseline characteristics not reported

Other bias Low risk none apparent

Solanki 2020  (Continued)

 
 

Study characteristics

Methods Randomised controlled four-arm parallel trial

Participants 131 children recruited, with 129 meeting the criteria, 98 provided final outcome data

Age: 1 to 6 years; mean age at baseline 29.3 (13.6) months (N = 98)

Gender: N = 129, not reported; final N = 98 - male 60, female 38

Location: USA, Dallas

Setting: Dept Orthopedic surgery, Children’s Hospital, San Diego

Inclusion criteria: 1 to 6 years old and flexible flat feet (observed to have valgus heel and poor arch for-
mation in stance, further assessed by tip toe test, where varus shiS of heel used to confirm flexible flat
foot)

Exclusion criteria: neurological condition (cerebral palsy or muscular disease), excessive laxity (Down
or Ehlers-Danlos syndrome), or previous treatment with foot orthoses or corrective footwear

Baseline characteristics: (CFO group had more younger children (12 to 32 months), fewer in 32 to 52
month age range, fewer at 52 to 72 months age. Shoe group had lowest joint laxity, heel cup group had
highest laxity, sex ratio - not reported.

Interventions Gp 1 - controls

Gp 2 – corrective orthopaedic shoes

Gp 3 – Helfet heel cups

Gp 4 – custom moulded plastic inserts (UCBL)

Outcomes - x-rays (lateral talo-horizontal angle > 35°, lateral talo-1st metatarsal > 10°, AP talo-calcaneal - too diffi-
cult to interpret)

- photos (all x-rays and photos recorded every 6 months)

- foot progression angle of gait (intoe/straight/out-toe), heel cord - assessed by passive ankle dorsiflex-
ion, laxity (rated on Wynne-Davies 1 to 5 scale; low laxity = 0 or 1, high laxity = 2 to 5)

- examined every 3 months by flatfoot team (nurse, Orthop Surg, Pedorthist) in unspecified manner.
Shoe fit checked every 3 months by pedorthist, and shoes replaced whenever required for correct fit-
ting.

Wenger 1989 
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Commenced N = 129, completed N = 98 (lost n = 31, over 3 years of trial)

Group 1, 31 controls; 21 completed, lost 10

Group 2, 32 shoes; 28 completed, lost 4

Group 3, 35 Helfet; 27 completed, lost 8

Group 4, 31 UCBL; 22 completed, lost 9

Source of funding shoes were provided

Notes All participants wore specified footwear (some variation between groups)

Minimum 3 years treatment and follow-up

Attrition 98/129 (76%), and at completion, boys = 61/98 (61%)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The patients were assigned to treatment groups by a nurse who picked num-
bers randomly.’

It is not clear how this was done.

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Participants were aware of intervention group.

Personnel were aware of intervention group.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

Low risk ‘At the time of three-year follow-up, clinical, radiographic, and photographic
analyses were completed with the examiners in ignorance of the child’s treat-
ment group.’

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Unclear risk 31 participants were excluded from analysis as they were lost to follow up,
mostly due to non-compliance; the trialists did not report which treatment
these exclusions received, and this may have biased the results of the study

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 98/129 completed the trial; 31/129 participants: ‘did not return for all of the
follow-up visits, did not wear the shoes regularly, or moved from the state and
were dropped from the study’.

Insufficient reporting of attrition/exclusions to permit judgement of low risk or
high risk

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol.

Insufficient information to permit judgement of low risk or high risk

Other bias Unclear risk ‘All shoes were provided by the Prescription Footwear Association’. No assur-
ance was made of their independence from the research design, conduct, or
report. However, since the report published negative findings, it suggests inde-
pendence.

Wenger 1989  (Continued)
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Study characteristics

Methods Randomised clinical three-arm parallel trial

Participants 672 children responded to advertisements

Recruited 178 with flexible flat feet

Age: 7 to 11 years

Gender: male 53.4%, female 46.6%

Inclusion: bilateral flexible flat feet, as indicated by RCSP > 5° everted, Navicular drop 10 mm or greater

Exclusion: unilateral flexible excessive foot pronation, history of lower limb surgery, any serious med-
ical pathology, such as cancer, known neuromuscular motor co-ordination condition, prior or recent
foot orthoses use, intellectual or learning difficulty, or any chromosomal abnormality

Location: Adelaide, South Australia

Setting: outpatients

Baseline characteristics: lower laxity score in CFO group 17.0 versus PFO 26.2, and shoes 30.6

Interventions Gp 1: CFOs

Gp 2: PFOs

Gp 3: no orthoses (control)

Outcomes Assessment at baseline, 3 months, 12 months

Outcome included in the trial

1. motor proficiency

2. pain - proportion with pain in subgroup that had pain (post hoc analysis)

3. exercise efficiency

4. self-perception profile

Outcome included in this review is proportion without pain at 12 months

Source of funding not stated (NHMRC)

Notes Most children did not have pain at baseline, pain analysed as subgroup

Secondary outcomes measured included ligamentous laxity, tight calf muscles, and body mass index

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was undertaken using computer generated lists of equally
sized groups’.

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement of low risk or high risk.

Whitford 2007 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk ‘… participants, and parents were not blinded.’

‘Prescribing podiatrists… were not blinded’.

Blinding of outcome as-
sessment (detection bias)
- self-reported outcomes
(e.g., pain, function)

High risk Motor proficiency, pain, Self Perception Profile - outcomes are subjective or in-
fluenced by participants, and participants were not blinded

Blinding of outcome as-
sessment (detection bias)
- objective outcomes

Low risk exercise efficiency - ‘As in-shoe orthoses are concealed within the child’s shoes
when worn, raters of outcome measures were blinded to the orthotic status of
the child.’

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Attrition rate and reasons similar between groups

Selective reporting (re-
porting bias)

Unclear risk No reference to study protocol. The measurement of pain was done using VAS
as a continuous measure, but reported only as a dichotomous outcome.

Other bias Unclear risk Funding source not stated

Whitford 2007  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Benedetti 2011 Not a randomised controlled trial

Ford 2017 Not a randomised controlled trial

Hill 2020 Review - not an RCT

Hurd 2010 Not a randomised controlled trial

MacKenzie 2012 Review - not a randomised controlled trial

Mosca 2010 Not a randomised controlled trial

Okamura 2020 Participants were university students, not children

Perhamre 2011 Study not addressing flat feet

Perhamre 2012 Study not addressing flat feet

Pothrat 2013 Not a randomised controlled trial

Riccio 2009 Not a randomised controlled trial

Uden 2017 Not a randomised controlled trial

Yung 2011 Participants were not children
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Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Randomised controlled four-arm parallel trial

Participants 150 symptomatic flat foot, 50 controls (age > 8 years)

Interventions 1. Foot exercises

2. Thomas heel ± arch support

3. Rose Schwartz insole

4. Foot exercise and both footwear modifications

Outcomes • Foot Print Index

• Valgus index

• Pain

• Gait (wear on medial versus lateral shoes)

Notes No variance, no age definition, no term of intervention, no randomisation details

AE contacted Pandey via email x 3, searched internet for alternative address; unable to contact for
additional data

Pandey 2013 

 
 

Methods Randomised controlled two-arm parallel trial

Participants 101 recruited – children with symptomatic flat feet

81 children finished trial

20 lost or non-compliant

Interventions 1. Foot orthosis N = 55

2. Control N = 26

Outcomes • x-ray angles

• AOFAS pain scores

Notes • Check randomisation method "81 children with bilateral symptomatic flatfoot were randomised
into orthosis (N = 55) and control (N = 26) groups"

• Will need mean and SD for each group for American Orthopaedic Foot and Ankle Society (AOFAS)
scores for pain

• Age 3 to 17: will need data for children 3 to 15 only

Unable to contact author – 3 emails; searched for alternative addresses – no contact made

Sinha 2013 

 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Effectiveness of foot orthoses in children with juvenile idiopathic arthritis: a randomised control
trial

ACTRN12616001082493 
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Methods Randomised controlled two-arm trial - 12 months

Participants Children with juvenile idiopathic arthritis (JIA)

1. Diagnosed with JIA according to ILAR (International League of Associations for Rheumatology)
criteria

2. Age 5 to 18 years old

3. Active lower-limb joint arthritis involvement

4. No previous use of foot orthoses, or previous failure of foot orthotic management, where the pa-
tient has not worn any foot orthoses (FO) for a period of at least 3 months

5. Ability to walk a minimum of 15 meters without assistive devices

6. If disease-modifying antirheumatic drugs (DMARD), biological therapy, or both are used, not hav-
ing started these drug therapies within 6 months of enrolling in the trial

Interventions Customised prefabricated foot orthoses (PFO), sham insole (control)

Outcomes pain, disability, quality of life

Starting date not stated

Contact information www.who.int/trialsearch/Trial2.aspx?TrialID=ACTRN12616001082493

Notes  

ACTRN12616001082493  (Continued)

 
 

Study name Effect of adhesive taping and exercises on outward rotation of foot in affected children

Methods Randomised controlled two-arm cross-over trial - 4 weeks

Participants Children with pronated feet and neurodevelopmental disorders:

1) Diagnosed cases of non-progressive neurodevelopmental disorders by paediatrician

2) Foot Posture Index score more than 6

3) Navicular Drop Test more than 10 mm

4) Both male and female

5) Age 6 to 11 years

6) Patient should be able to stand without support or with minimum hand support

7) Flexible pes planus

Interventions Intervention: Group A: kinesio taping for 5 days for 2 weeks, and then group A will be switched to
Group B therapy after 2 weeks of window period

Control: Group B: exercises for 5 days for 2 weeks, and then group B will be switched to Group A af-
ter 2 weeks of window period

Outcomes 1. Foot Posture Index/time point

CTRI/2018/07/014989 
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2. Navicular Drop Test/time point

Starting date not stated

Contact information www.who.int/trialsearch/Trial2.aspx?TrialID=CTRI/2018/07/014989

Notes  

CTRI/2018/07/014989  (Continued)

 
 

Study name Effects of barefoot walking on the flat foot in school going children: a randomised control trial

Methods Randomised control trial

Participants N = 38, age between 6 and 14 years

Interventions Intervention 1: Barefoot walking and exercises: children have to be barefoot while doing exercises,
as follows:

1.Towel gathering exercise for 15 minutes

2.Heel cord stretching (holding for 30 seconds and then relax for 30 seconds; repeat once)

3.Toe spread (5 seconds, than 2 second relax)

4.Posterior tibialis exercises (3 sets, 10 repetitions)

Intervention 2: Bare foot exercises and Exercises: Bare foot walking and exercises.<br>Exercises
are,

A.Towel gathering exercise for 15 minutes

B. Heel cord stretching (holding for 30 seconds and then relax for 30 seconds and then repeat for
1times)

C. Toe spread [5 sec than 2 sec relax]

D. Posterior Tibialis exercises [3sets, 10reps]

Control Intervention1: Not applicable

Outcomes The Oxford Ankle Foot Questionnaire for Children (OxAFQ-C) time point: 8 weeks

Starting date 27 August 2019, not recruiting

Contact information Sharath HV, chippala1979@gmail.com. www.ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=36115

Notes Nitte institute of physiotherapy, Nitte University, India

CTRI/2019/08/020925 

 
 

Study name Effects of long-term use of arch support foot orthoses on lower limb kinematics and kinetics during
walking in children with flexible flat foot

Methods Randomised control trial

IRCT2017082235517N1 
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Participants N = 30

Inclusion criteria: age range between 9 and 12 years; flexible flat feet; male
Exclusion criteria: history of lower limb injury; history of surgery

Interventions Intervention 1: intervention group: 4 months use of arch support foot orthoses

Intervention 2: control group: long-term use of placebo orthoses; rehabilitation; placebo;

Intervention group: 4 months use of arch support foot orthoses;

Control group: long term use of placebo orthoses

Outcomes Walking kinematics

Time point: before and after 4 months

Method of measurement: vicon cameras; walking kinetics. Timepoint: before and after 4 months.
Method of measurement: Force platform.

Starting date 4 September 2017

Contact information Amir Ali Jafarnezhadgero, amiralijafarnezhad@gmail.com; en.irct.ir/trial/26811

Notes Mohaghegh Ardabili University, Iran (Islamic Republic of)

IRCT2017082235517N1  (Continued)

 
 

Study name Orthotics for treatment of symptomatic flat feet in children - the OSTRICH study

Methods Interventional randomised controlled trial including a qualitative study within a trial (treatment)

Participants N = 1055

Inclusion criteria:

1. Aged between 6 and 14 years, inclusive

2. Have one or both symptomatic pes planus*

3. The child, parent, or legal guardian is able to speak, write and understand English

4. The parent or legal guardian is able to give informed consent

*Symptomatic pes planus is described as the manifestation of foot and lower limb symptoms, sec-
ondary to altered foot alignment (reduced medial longitudinal arch, everted rearfoot, and abduct-
ed forefoot). The diagnosis will be made pragmatically, by treating clinicians, in line with current
practice.

Eligibility for the birthday card SWAT

All participants recruited into the host trial will be eligible to take part in this SWAT.

Interventions Participants will be allocated to one of three groups:

1. A package consisting of an exercise programme and advice covering topics, such as typical arch
development in children, coping strategies, and footwear advice

2. The exercise and advice package plus a pair of prefabricated, oL-the-shelf orthoses (i.e. insoles
that are mass produced to a generic shape, but can be adapted by a clinician)

ISRCTN14602568 
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3. The exercise and advice package plus a pair of custom-made foot orthoses, where the shape of
the insole is made for a specific person, based on a 3D impression or scan of the patient's foot

The participant will be informed which group they have been allocated to at their first trial appoint-
ment. Participants will be asked to wear their orthoses every day in their shoes, and to do their ex-
ercises. Participants in group 1 and 2 will, on the whole, need one clinic appointment, but those in
group 3, may need a total of 2 or 3 appointments. Blinding of participants to the treatment alloca-
tion is not possible.

Measures will be collected at baseline, weeks 1 to 12, and at three, six, and 12 months after a par-
ticipant is enrolled into the study. The measures are all self-reported by either the participant or
their parent or legal guardian.

Birthday card study: In the birthday card SWAT, the researchers will evaluate whether sending a
participant a birthday card increases the number of questionnaires they return to the study team.
Participants will be allocated to one of three groups; birthday card, birthday card informed by
nudge theory to encourage completion of questionnaires, or no birthday card.

Outcomes Physical domain subscale of the Oxford Ankle Foot Questionnaire for Children (OxAFQ-C); Time
point(s): over the 12-month follow-up period

Starting date 18 May 2020

Contact information David Torgerson, PhD; Sarah Cockayne, MSc; sarah.cockayne@york.ac.uk www.isrct-
n.com/ISRCTN14602568

Notes University of York, UK

ISRCTN14602568  (Continued)

 
 

Study name Foot disease in juvenile idiopathic arthritis: foot care trial

Methods Randomised clinical two-arm trial - 12 months

Participants Children with JIA:

1. juvenile idiopathic arthritis (JIA) diagnosed according to the International League of Associations
for Rheumatology (ILAR) 2004 criteria

2. Lower limb arthritis of two or more large joints (hips, knees, ankles, and subtalar joints)

3. Widespread polyarthritis involving large and small joints

Interventions Usual clinical care (standard podiatry) versus individualised care package (foot orthoses (FO),
shoes, physiotherapy, podiatry)

Outcomes Juvenile Arthritis Foot Disability Index (JAFI)

Function

HRQoL (health-related quality of life)

Starting date not stated

Contact information /www.who.int/trialsearch/Trial2.aspx?TrialID=ISRCTN49672274

Notes  

ISRCTN49672274 
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Study name The effects of talus control foot orthosis in children with flexible flatfoot

Methods Randomised control trial

Participants N = 40

Inclusion criteria: diagnosed with flexible flatfoot; visited the Department of Pediatric Rehabilita-
tion over 6 years

Exclusion criteria: rigid flatfoot caused by hereditary foot disease or neuromuscular disease, fixed
foot deformity, or previous surgery history

Interventions Device: plantar orthoses

Outcomes X-ray measurements of the angles: talus-calcaneus, talus-navicular, and talus-first metatarsal angle

Starting date 7 December 2015

Contact information So-Young Ahn

Notes Chungnam National University Hospital, Republic of Korea

KCT0001717 

 
 

Study name Therapeutic effects of customized insoles on children with flatfoot

Methods Randomised controlled trial - two arms - 12 weeks

Participants 52 children with flat feet

Interventions 1. customised full-length insoles

2. control

Outcomes physical function

balance

quality of life

Starting date not stated

Contact information clinicaltrials.gov/show/NCT02414087

Notes Ru-Lan Hsieh, Shin Kong Wu Ho-Su Memorial Hospital, Taipei Medical University

NCT02414087 

 
 

Study name Clinical trial of the effect of functional orthoses in children with flat feet

Methods randomised, double-blind, parallel design clinical trial - 1 year

NCT02633566 
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Participants 61 children, aged 3 and 4 years old

Interventions 1. Intervention group - functional plantar orthotics

2. Control group - placebo-type plantar orthotics

Outcomes X-rays: talus-calcaneus, tibionavicular, and talus-first metatarsal angles were compared pre- and
post-treatment

Starting date not stated

Contact information clinicaltrials.gov/show/NCT02633566

Notes Raquel Lopez Fresno, PhD Student (Podiatrist)

NCT02633566  (Continued)

 
 

Study name Effects on pes planus exercise training mixed with play on pre-school children

Methods not stated

Participants Pre-school children with pes planus (flat feet)

Interventions exercise training mixed with play

Outcomes effects on pes planus and femoral anteversion angle

Starting date not stated

Contact information clinicaltrials.gov/show/NCT03151538

Notes Burcu Talu, Assistant Professor, Inonu University

NCT03151538 

 
 

Study name Orthotics for treatment of symptomatic flat feet in children - the OSTRICH study

Methods  

Participants - Have pes planus secondary to any systematic condition or syndrome**, malignancy
- Have a history of foot or ankle surgery, or both
- Require an ankle-foot orthoses, or other lower limb device, or have received treatment previously
for their flat feet
- This does not exclude children with hypermobility spectrum disorder (HSD), where the manifes-
tation is non-syndromic and isolated (L-HSD), peripheral (P-HSD), or generalised hypermobility (G-
HSD)(14).
OSTRICH pen and signposting to multimedia trial information SWAT inclusion criteria: any poten-
tial participant identified as eligible to be sent trial information will be eligible for the study
OSTRICH birthday card SWAT inclusion criteria: all participants recruited into the host trial will be
eligible to take part in this SWAT. Exclusion criteria: any participant who has withdrawn from the
main OSTRICH study, or is not due a follow-up questionnaire will be excluded.

Interventions Other: Birthday card;

NCT04104555 

Foot orthoses for treating paediatric flat feet (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

70

https://clinicaltrials.gov/show/NCT02633566
https://clinicaltrials.gov/show/NCT03151538


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Other: Birthday card plus nudge;

Device: Prefabricated orthoses;

Device: Custom orthoses;

Other: Pen;Other: Signposting to multimedia;

Other: Pen and signposting to multimedia;

Other: Usual supportive care - exercises and footwear advice (the comparator)

Outcomes Physical domain subscale of the Oxford Ankle Foot Questionnaire for Children (OxAFQ-C) over the
12-month follow-up period

Starting date 19 September 2019

Contact information David Torgerson, PhD; Sarah Cockayne, MSc; sarah.cockayne@york.ac.uk clinicaltrials.gov/ct2/
show/NCT04104555

Notes University of York, UK

NCT04104555  (Continued)

 
 

Study name Corrective exercises with neuromuscular electrical stimulation In children with flexible flat feet

Methods prospective double-masked randomised controlled trial

Participants 70 school children were recruited, 67 were randomised

Interventions 1. intervention group (corrective exercise and neuromuscular electrical stimulation (NMES))

2. control group (corrective exercise and placebo NMES)

Outcomes not stated

Starting date 1 September 2018 to 31 December 2019

Contact information clinicaltrials.gov/show/NCT04410926

Notes Ethics Statement - study was approved by the Institutional Review Board of the Faculty of Physical
Therapy, Cairo University, Egypt (no. P.T.REC/012/0016370)

NCT04410926 
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A D D I T I O N A L   T A B L E S

  Study Country Follow-up
time

Baseline
sample size

Age (SD) Final sam-
ple size (% of
baseline)

Intervention Outcome measures

  Flexible asymptomatic flat feet in healthy children (9 studies)

  Wenger 1989
USA

3 years 131 1 to 6 years 98 (75%) Shoe: N = 28
Heel cup: N = 27

UCBL: N = 22

Control: N = 21

X-ray
Clinical photos

  Gould 1989
USA

5 years 125 11 to 14 months 52 (42%) SL shoe: N = 25
SL shoe/ cookie: N = 10
Ortho shoes: N = 7
Ortho/mla: N = 10

X-ray
Pedotopography
Clinical assess
ment

  Whitford 2007
Australia

1 year 178 7 to 11 years 160 (90%) CFO: N = 59
FO: N = 59
Control: N = 60

Pain
SPPC
Motor skills
VO2 max

  Asgaonkar 2012
India

1 year 80 5 to 15 years 60 (75%) Valgus insole: N = 30
Control: N = 30

Pain (VAS)
Physical cost (HR)
Gait (step parameters)

  Kanatli 2016
Turkey

2 to 5 years 45 17 to 72 months
(average 39.5
months)

45 (100%) Orthotic shoes: N = 21
Control: N = 24

X-ray
Laxity
AI

  Ahn 2017
Korea

1 year 40 10.14 years
(4.99)

40 (100%) TCFO: N = 20
RFO: N = 20

X-ray
RCSP

  Khamooshi
2017
Iran

8 weeks 60 9 to 13 years 60 (100%) Foot exercises: N = 20
Foot/core exercises: N = 20

Control: N = 20

Pedoscope
Staheli AI
ND
Tiptoe/mla

  Ja-
farnezhadgero
2018
Iran

4 months 30 8 to 12 years 30 CFO: N = 15

Sham insole: N = 15

Gait kinematic
Kinetic parameters

Table 1.   Study characteristics of the 16 included trials 
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  Solanki 2020
India

4 weeks 44 approximately
13 to 14 years

44 Conventional exercises + Faradic foot
bath + rigid taping: N = 22
Conventional exercises + Faradic foot
bath + sham tape: N = 22

SEBT

VJH

IAT

  Abd-Elmonem
2021
Egypt

4 months 72 7 to 12 years 66 Corrective exercises + NMES: N = 36
Corrective exercises + sham NM ES: N
= 36

Staheli AI

ND

x-ray

  Children with juvenile idiopathic arthritis and foot pain (2 studies)

  Powell 2005
USA

3 months 48 5 to 19 years 40 (83%) CFO: N = 15
Neoprene inserts: N = 12
Sports shoe: N = 13

Pain (VAS)

PedsQL
Timed walk
FFI

  Coda 2014
UK

0, 3, 6 months 60 10 to 11 years
(3.5)

60 (100%) CPFO: N = 31
PFO: N = 29

VAS
PedsQL

  Flexible flat feet in children with foot pain (1 study)

  Hsieh 2018
Taiwan

12 weeks 52 6 to 7 years 50 PFO: N = 24
Control: N = 26

Physical activity

Function (PODCI)

Psychometric (PODCI,
HRQoL)

  Flexible flat feet in children with foot pain (immediate effects only; 1 study)

  Bok 2016
South Korea

immediate 21 8 to 13 years
(average 9.9
years)

21 (100%) 0° inverted CFO/15° inverted CFO/30°
inverted CFO: N = not specified

Shoes only (usual): N = not specified

Pedar
- peak pressure, max.
force, contact area

  Flexible flat feet in children without foot pain (immediate effects only: 1 study)

  Aboutorabi
2013
Iran

immediate 50 (30 flat
feet: 20 con-
trols)

7.76 years (1.4) 50 (100%) Shoes + CFO/ Medical shoes/Bare-
foot: N = 30
Control (no flat feet): N = 20

Gait - Step – length,
width, symmetry
Velocity
CoP

Table 1.   Study characteristics of the 16 included trials  (Continued)
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  Flexible flat feet in children with developmental co-ordination disorder (1 study)

  Morrison 2013
UK

7 weeks 22 6 to 11 years 14 (64%) CFO: N = 9
Control: N = 5

6-minute walk
Gait rite

  Abbreviations:

ADRs: adverse reactions;

AI: arch index;

CFO: customised/bespoke foot orthoses;

CoP: centre of pressure;

FF: flat feet;

FO: foot orthoses;

HR: heart rate;
HRQoL: health-related quality of life

IAT: Illinois Agility test;

JIA: juvenile idiopathic arthritis;

ND: navicular drop;

NMES: neuromuscular electrical stimulation

NS: not significant;

PedsQL: Pediatric quality of life inventory;

PFO: prefabricated foot orthoses;
PODCI: Paediatric outcome data collection instrument

RCSP: resting calcaneal stance position;
RFO: rigid FO;

SEBT: start excursion balance test;

SL: straight last (shoe);

SPPC: self perception profile;

TCFO: talus control FO;

UCBL: University of California Biomechanics Laboratory heel cup orthosis;

Table 1.   Study characteristics of the 16 included trials  (Continued)
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VAS: visual analogue score;

VJH: vertical jump height.

Table 1.   Study characteristics of the 16 included trials  (Continued)

Prefabricated foot orthoses definition
A prefabricated foot orthosis is an in-shoe medical device that is not made from an individual scan, cast, or mould of the foot. This generic device is intended to alter the magnitudes
and temporal patterns of the reaction acting on the plantar aspect of the foot and normalise foot and lower extremity function; decreasing abnormal loading forces on the
structural components of the foot and lower extremity during weight-bearing and related activity.
Customised prefabricated foot orthoses definition
A modified version of a basic generic device, which is initially mass produced, and then specifically modified for the foot and gait requirements of an individual child. The
modifications are usually added by the treating clinician, and may include: additional arch fill, varus or valgus wedges, and topcovers.
Custom foot orthoses definition
A bespoke foot orthosis is an individually customised in-shoe medical device that is made from an individual scan, cast, or mould of the foot. The design is prescribed by a qualified
healthcare professional to alter the magnitudes and temporal patterns of the reaction forces acting on the plantar aspect of the foot, in order to allow more normal foot and lower
extremity function, and to decrease pathologic loading forces on the structural components of the foot and lower extremity during weight-bearing and related activity.
 
 

Diagnosis Pain Function HRQoL Treatment
success

Withdrawals Adverse
events

Serious ad-
verse events

1. CFO versus shoes

asympto-
matic

flat feet

Whitford 2007 – post hoc
subgroup (% pain)

Whitford 2007 – VO2 max,
motor skills

NR NR Wenger 1989;

Whitford 2007

NR NR

JIA Powell 2005 – VAS Powell 2005 – timed walk Powell 2005 –
FFI

Powell 2005 Powell 2005 Powell 2005 –
none

NR

DCD NR Morrison 2013 – 6MWT NR Morrison 2013 Morrison 2013 NR NR

2. PFO versus shoes

asympto-
matic

flat feet

Whitford 2007 post hoc
subgroup (% pain)

Asgaonkar 2012 – VAS

Whitford 2007 – VO2 max,
motor skills

Asgaonkar 2012 – HR, gait

NR Asgaonkar
2012; Gould
1989;

Asgaonkar 2012; Gould
1989;

Wenger 1989;

Whitford 2007

NR NR

symptomatic NR Hsieh 2018 Hsieh 2018 –
PODCI

Hsieh 2018 Hsieh 2018 NR NR

Table 2.   Outcome matrix per trial group comparison 
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flat feet

JIA Powell 2005 – VAS Powell 2005 – timed walk Powell 2005 –
FFI

Powell 2005 Powell 2005 Powell 2005 –
none

NR

3. CFO versus PFO

asympto-
matic

flat feet

Whitford 2007 – post hoc
subgroup (% pain)

Whitford 2007 – VO2 max,
motor skills

NR NR Wenger 1989;

Whitford 2007

NR NR

JIA Coda 2014; Powell 2005 –
VAS

Powell 2005 – timed walk Coda 2014;
Powell 2005 –
PedsQL

Coda 2014;
Powell 2005;

Coda 2014; Powell
2005;

Coda 2014 –
NR

Powell 2005 –
none

NR

Table 2.   Outcome matrix per trial group comparison  (Continued)

6MWT: 6-minute walk test; CFO: custom foot orthoses; DCD: developmental co-ordination disorder; HRQoL: health-related quality of life; JIA: juvenile idiopathic arthritis; HR:
heart rate; NR: not reported; PedsQL: Pediatric quality of life inventory; PFO: prefabricated foot orthoses; PODCI: Paediatric outcome data collection instrument; FFI: Foot Function
index; VAS: visual analogue scale
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Study ID Control shoe Comparator shoes

Asymptomatic flat feet

Wenger 1989 usual shoes corrective shoes, usual shoes + Helfet heel cups, usual shoes + UCBL
CFO

Gould 1989 straight last shoes - straight last shoes plus longitudinal arch cookies

- orthopaedic shoes with long counters, solid shanks, Thomas heels,
and 0.312 cm inside heel wedges

- orthopaedic shoes with long counters, solid shanks, Thomas heels,
and 0.312 cm inside heel wedges, with supplemental thin longitudinal
arch support

Whitford 2007 usual shoes none (PFO, CFO)

Asgaonkar 2012 usual shoes none (valgus insole)

Kanatli 2016 usual shoes corrective shoes, i.e. custom-made orthopaedic shoes that had 0.5 to
0.9cm longitudinal arch support and 3 to 4 mm heel wedges

Ahn 2017 usual shoes none (2 CFO types)

Khamooshi 2017 usual shoes none (foot, core exercises)

Jafarnezhadgero 2018 New Balance 759 (trainers) New Balance 759 (trainers)

Solanki 2020 not stated not stated

Abd-Elmonem 2021 not stated not stated

Symptomatic flat feet

Hsieh 2018 usual shoes (encouraged to
wear at least 5 hours daily)

usual shoes (encouraged to wear at least 5 hours daily)

JIA

Powell 2005 new supportive athletic shoes
with a medial longitudinal
arch support and shock ab-
sorbing soles (cross-training
type shoes)

all children, regardless of intervention, received new athletic shoes at
beginning of the study

Coda 2014 usual shoes none (PFO, CPFO)

DCD

Morrison 2013 usual shoes none (CFO)

Immediate effects studies

Bok 2016 usual shoes none (3 inverted CFOs)

Table 3.   Shoes used within the trials 
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Aboutorabi 2013 no shoes (bare feet) medical shoes, regular shoes (with FO)

Table 3.   Shoes used within the trials  (Continued)

CFO:customised foot orthoses, CPFO: customised prefabricated foot orthoses; DCD: developmental co-ordination disorder; FO: foot
orthoses; JIA: juvenile idiopathic arthritis; PFO: prefabricated foot orthoses; UCBL: University of California Biomechanics Laboratory heel
cup orthosis
 
 

Outcome Measure No of partici-
pants

Prefabricated
orthoses

Controls P value Effect size

Physical cost (mean (SD))

- Whitford 2007 (VO2 max)

- Asgaonkar 2012 (HR)

Whitford 2007
= 160

Asgaonkar
2012 = 60

45.10 (4.88)

0.20 (0.06)

44.95 (3.81)

0.26 (0.12)

P = 0.899

P = 0.0264

MD 0.15, 95% CI -1.51 to
1.81

MD -0.06, 95% CI -0.11
to -0.01

Pain (mean (SD))

- Asgaonkar 2012 (VAS, mean (SD))

60 0.64 (1.09) 4.33 (2.58) P < 0.0001 MD -3.69, 95% CI -4.60
to -2.78

Pain (numbers (%))

- Whitford 2007 (% without pain)

160 36/54 (67%) 41/52 (79%) P = 0.56 RR 0.85, 95% CI 0.67 to
1.07

Table 4.   Prefabricated foot orthoses versus control on function and pain outcomes at 12 months 

Asgaonkar 2012 reported improvement in both pain and physical cost of children treated with prefabricated orthoses at 12 months versus
the control group
Whitford 2007 found no diLerence between groups
CI: confidence interval; MD: mean diLerence; RR: risk ratio
 
 

Outcome Measure No of partici-
pants

Corrective
shoes

Controls P value Effect size

Talo-horizontal x-ray change (mean (SD))

- Wenger 1989

- Kanatli 2016

98

45

6.47 (0.59)

0.17

5.48 (0.71)

0.13

P > 0.4

P = 0.19

-0.16 (-0.44 -
0.16)

Talo-1st metatarsal x-ray change (mean
(SD))

- Wenger 1989

- Kanatli 2016

98

45

6.80 (0.7)

0.45

5.78 (0.83)

0.46

P > 0.5

P = 0.72

-0.50 (-1 -
(-0.02))

Talocalcaneal (AP) x-ray change (mean (SD))

- Wenger 1989

- Kanatli 2016

98

45

7.36 (0.78)

0.13

4.50 (0.91)

0.23

P > 0.5

P = 0.09

-0.12 (-0.05 -
0.20)

Table 5.   Shoes versus control on x-ray outcomes at 3 years 

Wenger showed positive correlation between all radiographic parameters between initial and changed angles over three years (P < 0.001).
Both studies showed that the measured change in x-ray angles was the same between treatment (shoes) and control groups aSer three
years.
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F E E D B A C K

Feedback, June 2011

Summary

Date of Submission: 20 June 2011

Name: Alan Cooper BSc

Personal Description: Occupation UK Podiatrist

Feedback: When one of my daughters was born 32 years ago, the first thing I noticed (as soon as she was delivered) was her leS foot laying
flat against the tibia, and fibula - so much so that I observed a clear imprint of the outline of the bones. At the time, I was in my 2nd year at
Podiatry college. The condition was undoubtedly T. calcaneovalgus, and in my opinion, severe. The foot was dorisflexed, abducted, which
in my view as an adult it would have exhibited severe abnormal pronation, with an everted calcaneum, a flat arch with the whole of the mid-
tarsal joint contacting the ground plantar grade. An orthopaedic surgeon was asked to look at her feet, and as he felt all the components
of the foot were there, we were referred to a physiotherapist for treatment. The treatment was of course manipulation of the foot, with
splinting for several months. The splint was removed six or seven times a day, and the foot manipulated. Today, looking at my daughter's
feet, there is no diLerence between them, and both stand correctly in their neutral position. Interestingly, on our last appointment with
the physiotherapist, she had asked a father to bring in his child with the same condition, who was born at the same time. The child had
not received manipulation, and as a consequence, there was no real change in the foot's appearance from birth.

Over my 30 years of practice, I have seen many conditions of pes planus, and wondered if there was a relationship between this and
untreated mild, moderate, or severe T. calcaneovalgus: does this go unseen, and untreated? If it was picked up by the podiatrist at birth,
is it possible that the condition of pes planus in many folk could be eliminated? Just recently, a toddler was referred to me with bilateral
flat feet: heels everted, feet abducted, with metatarsals, and metatarsal joints appearing to be either close, or contacting the ground. The
father had almost a cavoid foot, and the mother's foot was quite normal. Bearing in mind the limited evidence for many treatments, I
think I shall recommend small orthosis, together with some manipulation. When I have enquired of old, and older clients in the past, the
treatment appeared to be just exercises, which seemed to have made no diLerence to the adult foot at all.

Submitter agrees with default conflict of interest statement: I certify that I have no aLiliations with or involvement in any organisation or
entity with a financial interest in the subject matter of my feedback.

Reply

27 June 2011

Dear Mr Cooper

Thank you for your response relating to the Cochrane Review. Dealing with children’s feet is an issue. Dr Evans recently described a traLic
light system for treating flat feet that has been strongly debated [1-3]. From a clinical viewpoint, identifying a foot problem at a very young
age is still based upon clinical expertise and personal choice for management [4]. Unfortunately, this is the lowest form of evidence [5],
and further work is needed in this area to ensure that clinicians are using an evidence-base approach to manage flat feet in children.

From the Cochrane Review, we only found reports on the use of foot orthoses for the management of paediatric flat feet [4]. The use of
manipulation as a form of treatment was not reported in the literature. However, in a recent critical review [6], we found one article that
evaluated a group of children who followed a rehabilitative programme versus a historical group of children who had been treated with
insoles and orthopaedic footwear [7]. Over a two-year period, 300 children (mean age was 3.4 years; 184 male, 116 female) with bilateral
flexible flatfoot (600 feet) were recruited and underwent a rehabilitative programme for a mean period of 2.8 years. The rehabilitative
programme consisted of simple therapeutic exercises, which could be easily learned by both patients and their caregivers. These children
were compared to a historical group of children (674 feet) who had been treated in a paediatric department for infantile flexible flatfoot
with the use of foot orthoses. The results demonstrated that in the two groups (children treated with rehabilitation and children treated
with foot orthoses), the rehabilitative approach seemed to be more eLective. The authors suggested that rehabilitation has a marginal
influence on the natural history of paediatric valgus flexible flatfoot, even though it plays a role in maintaining good flexibility of the flatfoot,
thus limiting functional impairment.

In summary, the use of exercise is commonly reported, but the evidence is limited. Future studies need to further investigate the
potential eLect of rehabilitative exercises, and foot manipulation, and continue to investigate the eLicacy of foot orthoses, and footwear
modifications, and consider the eLect of other contemporary clinical interventions.
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Feedback, May 2012

Summary

Date of Submission: 12 May 2012

Name: A. van Heukelum

Personal Description: Occupation General Practice Resident

Feedback: During our residency, all students are required to make an "critically appraised topic", based on a personal case during practice.
The problem of painful flat feet or pes planus came to my attention, so I was very pleased to find this review on the subject, and would like
to thank you for your clear, insightful review. Clearly, much more research needs to be done to make evidence. I have one question though,
about the included article of Powell (2005). As I understood, the inclusion criterium, amongst others, was patients with pes planus. In the
short description of the article by Powell (2005), it was stated that it included cases of pes planus with juvenile idiopatic arthritis, although
in this article, this was not clear to me. Could you perhaps give more details about why the participants of this study would have pes planus?

Submitter has modified conflict of interest statement:

I certify that I have no aLiliations with or involvement in any organization or entity with a financial interest in the subject matter of my
feedback.

Reply

Pes planus (or a valgus/pronated rearfoot posture) is by far the most common presentation in juvenile idiopathic arthritis, but hindfoot
varus posture can also occur, and is usually associated with significantly reduced joint range of motion. I have included three references
that may assist you:

1. Ferrari J. A review of foot deformities seen in juvenile chronic arthritis. The Foot, 1998; 8: 193-196.2.

2. Mavidrou A et al. Conservative management of the hindfoot in juvenile chronic arthritis. The Foot, 1991; 1; 139-143.3.

3. Hendry G et al. A survey of foot problems in juvenile idiopathic arthritis. Musculoskeletal Care, 2008; 6: 221-232.

The Cochrane review team, at the time of reviewing the literature, made a decision to include the Powell (2005) study, based upon the
current evidence of pes planus in this population.

One issue that has not been addressed, and is debated in the Cochrane Review and other articles we have published, is the definition of
pes planus. Perhaps one day a consensus of opinion will address the problem.

Contributors

Professor Keith Rome, Professor Podiatry, AUT University, New Zealand
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Date Event Description

11 November 2021 New citation required but conclusions
have not changed

A total of 19 studies are included in this version of the review, an
addition of 16 new studies since the last version was published in
2010.

11 November 2021 New search has been performed Review updated, and current until 01 September 2021

 

H I S T O R Y

Protocol first published: Issue 1, 2007
Review first published: Issue 7, 2010

 

Date Event Description

25 September 2012 Feedback has been incorporated New feedback

10 August 2011 Feedback has been incorporated Feedback added
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Post hoc, we decided to include only FOs as the main comparisons, viz CFO versus shoes, PFO versus shoes, PFOs versus CFOs. Similarly,
we had intended to include any paediatric population, and separate symptomatic versus asymptomatic participants. Post hoc, we decided
to address two paediatric populations, namely asymptomatic, juvenile idiopathic arthritis (JIA), or other clinical concerns.

We did not describe risk of bias and summary of findings tables, or GRADE analyses in the original protocol, but we included them in this
review update, in accordance with current Cochrane standards.
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We extended both outcomes and comparisons, and better defined them in this review update, which includes 16 trials versus the 3 trials
available in 2010 (Rome 2010). Further, the updated review is more structured regarding participants, intervention comparisons (three
comparisons), and outcomes.

Intended comparisons were: any FOs versus sham; any FOs versus shoes; customised FOs (CFOs) versus prefabricated FOs (PFOs).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Flatfoot  [*therapy];  Foot Diseases  [therapy];  *Orthotic Devices;  Pain Management;  Randomized Controlled Trials as Topic;  Shoes

MeSH check words

Child; Child, Preschool; Humans; Infant
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