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Effect of Foot Orthoses in Children With 
Symptomatic Flexible Flatfoot Based on 

Ultrasonography of the Ankle Invertor and 
Evertor Muscles

Dong Joon Cho, MD, So Young Ahn, MD, PhD, Soo-Kyung Bok, MD, PhD

Department of Rehabilitation Medicine, College of Medicine, Chungnam National University Hospital, Daejeon, Korea

Objective  To examine the changes in the cross-sectional area (CSA) ratio of the ankle invertors and evertors 
following rigid foot orthosis (RFO) application in children with symptomatic flexible flatfoot and to determine the 
correlation between the degree of change in CSA ratio and pain-severity after RFO application.
Methods  We included 24 children with symptomatic flexible flatfoot without comorbidities and measured the 
CSAs of tibialis anterior (TA), tibialis posterior (TP), and peroneus longus (PL) using ultrasonography, resting 
calcaneal stance position (RCSP) angle, calcaneal pitch (CP), Meary’s angle, talonavicular coverage angle, 
and talocalcaneal angle using radiography, and foot function index (FFI) at baseline and 12 months after RFO 
application. We analyzed 48 data by measuring both feet of 24 children. The CSA ratios, the ratio of CSA of each 
muscle to the sum of CSA of TA, TP, and PL, were also compared. Correlations between the degree of change in 
FFI, each muscle’s CSA ratio, RCSP angle, and radiographic measurements were investigated.
Results  Following RFO application, significant increase in the PL ratio and CP and significant decrease in the 
RCSP angle, FFI total, pain, and disability scores were observed. The degree of change in the total score, pain, and 
disability score of FFI were significantly correlated with the degree of change in the PL ratio and RCSP angle.
Conclusion  RFOs applied to children with symptomatic flexible flatfoot might reduce the compensatory activities 
of the ankle invertors, thereby increasing the PL ratio, and pain decreases as the PL ratio increases.
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INTRODUCTION

Flatfoot or pes planus refers to the loss of the medial 
longitudinal arch (MLA) [1]. The MLA is composed of 
the calcaneus, talus, navicular bone, and first metatarsal 
bone of the foot and reduces the impact on the foot while 
walking [2]. There are two types of flatfoot: flexible and 
rigid. In flexible flatfoot, the MLA collapses in the weight-
bearing foot during a loading response but reappears 
when the foot is no longer bearing weight [1]. The flatfoot 
prevalence is 44% among children aged 3–6 years, 13.4%–
27.6% among primary-school aged children, and 13.6% in 
adolescents aged 18–21 years; flatfoot is more prevalent 
in younger age groups and become less prevalent with 
age [1,3,4]. Since a study reported that flatfoot can cause 
complications, including foot, knee, and back pain, and 
scoliosis [5-7], the interest in the diagnosis and treatment 
of flatfoot has been growing, specifically among parents.

Several studies have reported differences in foot kine-
matics during gait between people with flatfoot and those 
without it [8-11]. Studies examining the kinematics of pa-
tients with flatfoot using surface electromyography have 
reported that peroneus longus (PL) activity is reduced 
during gait [9] and that the thickness and cross-sectional 
area (CSA) of the PL are reduced in patients with flatfoot 
[12,13]. These results suggest that flattening of the MLAs 
and abduction of the forefeet in patients with flexible 
flatfoot is associated with PL underactivity. Using ultra-
sound, Sakamoto and Kudo [2] found that the activity of 
the abductor hallucis (AH), which is a forefoot adductor, 
increases to compensate for MLA collapse, and its CSA 
increases in patients with flatfoot. Shin et al. [14] mea-
sured the CSAs of the tibialis anterior (TA) and tibialis 
posterior (TP) (ankle invertors) and PL (ankle evertor) 
in flatfoot patients using ultrasonography and compared 
the CSA ratio, which is the ratio of each muscle’s CSA to 
the total CSA of the TA, TP, and PL, combined. The CSA 
ratios of the TA and TP were higher and those of the PL 
were lower in individuals with flexible flatfoot than in 
those without. Thus, people with flexible flatfoot main-
tain the alignment of their feet and legs when walking 
using an ankle invertor muscle to compensate for MLA 
collapse during weight-bearing, which may in turn cause 
hypertrophy of ankle inverters, such as the TA and TP.

Flatfoot has been reported to induce pain and fatigue 
during walking. However, the direct cause or mechanism 

by which flatfoot causes pain is unclear [14-16]. Most 
patients with flatfoot report pain in the sole and calves, 
and some report pain in the front and back of the knee 
and ankle [17,18]. While a few studies have reported no 
correlations between the arch of the foot and pain among 
patients with flexible flatfoot [19], a study has shown sig-
nificant correlations between pain severity and the PL 
ratio; this PL ratio is the ratio of CSA of the PL to the total 
CSA of the TA, TP, and PL, combined [14]. Conservative 
treatments are often administered to reduce pain and im-
prove gait disability in patients with symptomatic flatfoot, 
including stretching exercises and foot orthoses [15,20-
22]. However, whether a foot orthosis can effectively 
treat flatfoot remains to be clearly established [23,24]. 
Nonetheless, a recent study by Youn et al. [25] showed 
that rigid foot orthoses (RFOs) improve foot posture and 
radiographic indices in patients with flexible flatfoot.

Based on the aforementioned findings, we hypoth-
esized that RFOs would prevent the overpronation of 
the foot during the loading response, thereby reducing 
hypertrophy of the ankle invertors and changing the CSA 
ratios of the TA, TP, and PL. Thus, this study aimed to in-
vestigate changes in the CSA ratios of the ankle invertors 
and evertors, which are ankle-stabilizing muscles, follow-
ing RFO application in patients with symptomatic flatfoot 
and to examine the correlations between the degree of 
change in these parameters.

MATERIALS AND METHODS

Participants
This longitudinal study was conducted between July 

2019 and March 2021. We recruited children between the 
ages of 10 and 18 years who visited the outpatient Depart-
ment of Rehabilitation Medicine at Chungnam National 
University Hospital and were diagnosed with symptom-
atic flexible flatfoot. The diagnostic criteria for symptom-
atic flatfoot were as follows: (1) resting calcaneal stance 
position (RCSP) angle <-4° [10]; (2) calcaneal pitch (CP) 
<18° and Meary’s angle (MA) >4° on foot radiographs; 
and (3) numeric rating scale score for foot or leg pain ≥2. 
Patients with gait disabilities or foot deformities, includ-
ing bony abnormalities such as tarsal coalition, due to 
neurological or orthopedic conditions were excluded. 
Genetic diseases such as Ehlers-Danlos syndrome, be-
nign joint hypermobility syndrome, and Marfan syn-
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drome that can cause ligament laxity were also excluded. 
This study received approval from the Institutional Re-
view Board of Chungnam National University Hospital 
(No. 2020-02-047). Because the participants were minors, 
we explained the overall content of the study to their 
nearest of kin (participants’ parents) who provided con-
sent on the minors’ behalf to participate in the study.

Study design 
The RCSP angle, radiographic and ultrasonographic 

measurements, and foot function index (FFI) were as-
sessed during the first outpatient visit. Patients were pre-
scribed RFOs after undergoing initial evaluation. After 12 
months of applying the RFO, re-evaluation of the same 
metrics was conducted.

Outcome measurements
The primary outcome of this study was the changes in 

the CSA ratios of the ankle invertors and evertors, which 
were measured using ultrasonography. The secondary 

outcomes were the changes in the RCSP angle, changes 
in radiographic measurements including CP, MA, talona-
vicular coverage angle (TNCA), and talocalcaneal angle 
(TCA); and FFI, which assesses symptoms such as pain 
and gait disability.

Primary outcome 
Ultrasonographic measurements: A physiatrist with at 

least 2 years of clinical experience in ultrasound exami-
nation measured the CSAs of the TA, TP, and PL using 
the ACUSON S2000 ultrasound unit (Siemens, Mountain 
View, CA, USA), with a linear probe with a frequency of 
9–14 MHz. The CSA of each muscle was measured using 
a method described in previous studies [12,14]. The mea-
surement locations were as follows: TA, one-third from 
the tibial tuberosity between the tibial tuberosity and the 
medial malleolus; TP, at the middle between the medial 
malleolus and the tibial tuberosity; and PL, one-third 
from the tibial tuberosity between the tibial tuberosity 
and the lateral malleolus (Fig. 1). There are two methods 

A B C

D E F

Fig. 1. Ultrasonographic measurements. (A) The site of the probe to measure the TA muscle. (B) The site of the probe 
to measure the TP muscle, (C) The site of the probe to measure the PL muscle. (D) Cross-sectional area of TA. (E) 
Cross-sectional area of TP. (F) Cross-sectional area of PL. TA, tibialis anterior; TP, tibialis posterior; PL, peroneus lon-
gus.



Dong Joon Cho, et al.

462 www.e-arm.org

for measuring CSA of TP: the posterior approach and an-
terior approach. Both methods can accurately measure 
CSA without much difference [26], and in this study, the 
anterior approach was used to facilitate data collection. 
CSA was measured three times for each muscle, and the 
median value was used in the analysis. 

As muscles grow during childhood and adolescence 
and the rate of growth varies depending on age and sex 
[14], the ratio was calculated using the values measured 
with ultrasonography and the changes in the ratio of each 
muscle to the total area of the TA, TP, and PL were com-
pared.

TA ratio = CSA of TA / (CSA of TA + CSA of TP + CSA of PL)
TP ratio = CSA of TP / (CSA of TA + CSA of TP + CSA of PL)
PL ratio = CSA of PL / (CSA of TA + CSA of TP + CSA of PL)

Secondary outcome
RCSP angle: The RCSP angle was used to assess foot 

posture. The RCSP angle is the angle that the calcaneal 
bisection, which is marked by connecting the dots bi-
secting the calcaneus using a bimanual technique while 

the patient is in the prone position, makes in relation to 
a vertical line to a surface while the patient is standing 
straight on a flat surface. 

A positive RCSP angle in the standing position indicates 
supination, while a negative angle indicates pronation 
[14,25,27,28] (Fig. 2). 

Radiographic measurements
Foot radiographs were acquired to assess the struc-

tural and anatomical deformities of the feet in patients 
with flatfoot. Radiographs were obtained in the anterior-
posterior and lateral views while the patient was stand-
ing straight with shoes off. CP, MA, TNCA and TCA were 
measured, three times, using radiography [14,25,27,29-
33], and the median values were used in the analysis. CP 
was defined as the angle between the bottom line of the 
foot and the inferior line of the calcaneus on the lateral 
view of the foot radiograph. The smaller the angle, the 
more severe the flatfoot. MA was defined as the angle 
between the line bisecting the neck and head of the talus 
and the line bisecting the head of the talus and neck of 
the first metatarsal. If the apex of the angle was directed 
dorsally, MA was positive; if the apex was directed in 
the plantar direction, MA was negative. The greater the 
angle, the more severe the flatfoot. TNCA was defined as 
the angle between the line along the articular surface of 
the talus and the line along the articular surface of the 
navicular bone on the anterior-posterior view of the foot 
radiograph. TNCA was used to assess forefoot abduction 
at the midtarsal joint [34]. TCA was defined as the angle 
between the line along the axis of the calcaneus and the 
line along the axis of the talus on the anterior-posterior 
view of the foot radiograph. TCA was used to assess the 
hindfoot valgus and varus [22] (Fig. 3). 

Fig. 3. Radiographic measure-
ments. (1) Calcaneal pitch angle. 
(2) Meary’s angle. (3) Talonavicu-
lar coverage angle. (4) Talocalca-
neal angle.

Fig. 2. Measurement of the resting calcaneal stance posi-
tion angle.
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FFI
FFI, which was developed in 1991 to assess pain and 

functional impairment caused by foot problems, was 
used to assess pain and disability due to flatfoot in this 
study. FFI consists of three subgroups (i.e., pain, dis-
ability, and activity limitation) and has 23 items: nine for 
pain, nine for disability, and five for activity limitation. 
Each item is scored from 0 to 10 points, with lower scores 
indicating less severe functional impairment [35]. A re-
vised FFI consisting of 68 items—pain and stiffness (20 
items), difficulty (20 items), activity limitation (9 items), 
and social/emotional issues (19 items)—was published 
in 2006 [36]. However, as the revised version of the FFI is 
longer and thus time consuming and may be difficult for 
children to complete, the original version translated to 
Korean was used to ensure compliance and reliability in 
this study [37].  

Intervention
RFOs were custom-made for each patient to treat symp-

tomatic flexible flatfoot (Fig. 4). After 2 weeks, when the 
RFO production was completed, a clinician had evalu-
ated whether the RFOs were suitable for the patient. 
RFOs were worn for 12 months, and the patients were 
instructed to wear the RFOs indoors and outdoors, for 
at least 6 hours per day, as much as possible. In patients 
with flexible flatfoot, TA and TP strengthening exercises 
to neutralize the valgus or intrinsic muscle and abduc-
tor hallucis strengthening exercises to prevent flattening 
of the anterior arch can be performed [6]. Because these 
exercises can affect the development of the muscles to be 
measured in this study, we explained to the subjects that 
they should only wear RFO and not exercise concurrently 
during the study period.

Statistical analysis
Wilcoxon signed rank test was used to compare wheth-

er the CSA of each muscle, as measured by ultrasonogra-
phy, the calculated CSA ratio, RCSP angle, radiographic 
measurements including CP, MA, TNCA, and TNCA, and 
FFI were significantly different before and after RFO ap-
plication.

In addition, to assess whether the degree of change in 
symptoms, including pain, is correlated with the degree 
of change in various variables, the correlation between 
the delta value, which means the degree of change, was 
analyzed. Spearman correlation analysis was used to an-
alyze the correlation between the delta values of FFI total 
and subgroups and the delta values of CSA ratio, RCSP 
angle, radiographic measurements before and after RFO 
application.

To determine whether there is a significant difference in 
the change in the PL ratio in the delta values of the total, 
pain, disability, and activity limitation of the FFI score, 
the delta value of the FFI score was divided into two 
groups by 1 point and the Mann Whitney U-test was used 
to compare whether there was a significant difference be-
tween the two groups.

All statistical analyses were performed using IBM SPSS 
(version 25.0; IBM Corp., Armonk, NY, USA). The level of 
statistical significance was set at p<0.05.

RESULTS

Among the patients who visited the outpatient clinic 
during the study period, 110 satisfied the inclusion crite-
ria for flatfoot. Thirty-one children aged <10 years were 
excluded from the study. Of the remaining 79 patients, 
76 had flexible flatfoot. Twenty-seven patients with no 

A B

C D

Fig. 4. Custom-made rigid foot 
orthosis (RFO). (A) Superior view. 
(B) Posterior view. (C) Medial 
view. (D) Lateral view of the RFO.



Dong Joon Cho, et al.

464 www.e-arm.org

symptoms, such as pain, were also excluded. Of the re-
maining 49 patients with symptomatic flexible flatfoot, 
nine refused to participate in the study, four refused to 
wear foot orthoses for financial reasons, one had autism, 
two had cerebral palsy, and two had intellectual dis-
ability; these were excluded. The remaining 31 patients 
underwent the initial assessment. Five patients were lost 
to follow-up, and two did not wear their foot orthoses 
after the prescription. Twenty-four patients (15 boys and 
9 girls) were included in this study (Fig. 5). Data of both 
feet from the 24 patients were obtained and 48 data were 
analyzed. Table 1 shows the demographic character-

istics of the patients. The mean age of the patients was 
12.06±1.24 years at the time of study participation and 
13.06±1.24 years at the time of reassessment at 12 months 
after RFO application.

Table 2 shows the CSAs of the TA, TP, and PL, which 
were measured using ultrasonography, and the calculat-
ed CSA ratio of each muscle. The TA, TP, and PL showed 
a significant increase in CSA following RFO application 
(all, p<0.001). The TA (p=0.001) and TP ratio (p=0.011) 
significantly decreased and the PL ratio significantly in-
creased after RFO application (p=0.007).

Table 3 shows the RCSP angle, and the radiographic 
measurements, obtained before and after the applica-
tion of the RFOs. The RCSP angle significantly changed 
from -8.13±2.64 (before RFO application) to -5.63±1.89 
(after RFO application) (p=0.004). In the radiographic 
measurements, a significant change in CP was observed 
following RFO application (p=0.012). MA, TNCA, and 
TCA decreased after RFO application, albeit by an insig-
nificant degree. 

The FFI measured before and after the application of 
the RFOs, which measures pain and functional disability 
(Table 3). The FFI total score significantly decreased from 
14.43±3.93 to 8.81±2.23 (p=0.001). In the subgroup analy-
sis, the pain and disability scores significantly decreased 
from 18.75±4.56 to 7.62±3.72 and from 10.12±3.87 to 
8.06±2.46, respectively (p=0.001 and p=0.002, respec-

Patients with flatfoot
(n=110)

Age <10 years (n=31)

Flexible flatfoot
(n=76)

Rigid flatfoot
(n=3)

Symptomatic
(n=49)

Asymptomatic
(n=27)

Baseline
assessment

(n=31)

Completed
(n=24)

Excluded
- Refusal to participate in the study (n=9)
- Refusal to foot orthoses prescription because of financial reasons (n=4)
- Autism (n=1)
- Cerebral palsy (n=2)
- Intellectual disability (n=2)

Excluded
- Follow-up loss because of COVID 19 (n=5)
- Did not wear foot orthoses (n=2)

Fig. 5. Study flow chart. COV-
ID-19, coronavirus disease 2019.

Table 1. Participants’ demographic characteristics

T1 T2

Age (yr) 12.06±1.24 13.06±1.24

Sex

   Male 15 15

   Female   9   9

Height (cm) 139.40±19.10 144.60±17.20

Weight (kg) 37.70±14.11 41.00±14.04

BMI (kg/m2) 18.65±1.99 18.94±2.18

Values are presented as mean±standard deviation.
T1, before rigid foot orthosis application; T2, 12 months 
after rigid foot orthosis application; BMI, body mass in-
dex.
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tively). However, although activity limitation tended to 
decrease from 2.43±0.51 to 2.31±0.47, the decrease was 
not significant.

A correlation analysis was performed to examine the 
correlations between the amount of change in the FFI 
and the amount of change in the CSA ratios of the mus-
cles, RCSP angle, and radiographic measurements (Table 
4). The total FFI score was negatively correlated with the 
PL ratio (r=-0.398, p=0.037) and positively correlated with 
the RCSP angle (r=0.476, p=0.009). For the FFI subgroups, 
pain was negatively correlated with the PL ratio (r=-0.283, 
p=0.047) and positively correlated with the RCSP (r=0.417, 
p=0.017). Disability was negatively correlated with the PL 

ratio (r=-0.314, p=0.040) and positively correlated with 
the RCSP angle (r=0.712, p=0.001).

Table 5 shows the specific values with significant dif-
ferences in the PL ratio in the delta values of total, pain, 
and disability of FFI. After RFO application compared to 
before application, the total FFI changed from 1 to 10, 
the pain score from 4 to 16, the disability score from 0 to 
8, and the activity limitation score from 0 to 1. The delta 
values of the FFI total and subgroup scores were divided 
into two groups by 1 point and the delta values of the PL 
ratio between both groups were compared. As a result, 
the increase in the PL ratio was significantly greater in the 
group with a delta value of 3–10 than in the group with 

Table 3. Comparison of RCSP angle, radiographic measurements in foot X-ray and FFI before and after RFO application

T1 T2 t p-value
RCSP angle (°) -8.13±2.64 -5.63±1.89 -4.699 0.004*

Radiographic measurements (°)

   CP 12.00±3.27 13.12±2.64 2.348 0.012*

   MA 9.67±5.70 9.20±4.24 1.313 0.277

   TNCA 25.66±9.91 24.19±7.32 0.496 0.438

   TCA 36.04±7.34 34.31±6.55 0.993 0.310

Total score of FFI 14.43±3.93 8.81±2.23 -4.569 0.001*

Subgroup

   Pain 18.75±4.56 7.62±3.72 -4.459 0.001*

   Disability 10.12±3.87 8.06±2.46 -3.506 0.002*

   Activity limitation 2.43±0.51 2.31±0.47 -1.386 0.157

Values are presented as mean±standard deviation.
RCSP, resting calcaneal stance position; FFI, foot function index; RFO, rigid foot orthosis; T1, before RFO application; 
T2, 12 months after RFO application; CP, calcaneal pitch; MA, Meary’s angle; TNCA, talonavicular coverage angle; 
TCA, talocalcaneal angle.
*p<0.05.

Table 2. Comparison of CSA and the ratio of each muscle to total ankle invertor and evertor muscles before and after 
RFO application

T1 T2 t p-value
CSA of TA (cm2) 6.95±2.00 8.20±1.61 3.517 <0.001*

CSA of TP (cm2) 2.62±0.98 3.97±0.96 3.516 <0.001*

CSA of PL (cm2) 3.57±0.90 5.72±1.12 3.516 <0.001*

TA ratio 0.52±0.06 0.47±0.03 -3.464 0.001*

TP ratio 0.22±0.06 0.20±0.03 -1.500 0.011*

PL ratio 0.28±0.06 0.32±0.04 2.689 0.007*

Values are presented as mean±standard deviation.
CSA, cross-sectional area; RFO, rigid foot orthosis; T1, before RFO application; T2, 12 months after RFO application; 
TA, tibialis anterior; TP, tibialis posterior; PL, peroneus longus.
*p<0.05.
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a delta value of 1–2 of the FFI total score (ΔTotal: 1–2 vs. 
3–10; p=0.001), the group with a delta value of 8–16 than 
in the group with a delta value of 4–7 of the pain score 
(ΔPain: 4–7 vs. 8–16; p=0.019) and the group with a delta 
value of 2–8 than in the group with a delta value of 0–1 
of the disability score (ΔDisability: 0–1 vs. 2–8; p<0.001). 
However, there was no significant difference between the 
group with activity limitation score of 0 and the group 
with activity limitation score of 1.

DISCUSSION

Although numerous studies on the diagnosis and treat-
ment of flatfoot have been conducted, most of them used 
radiography and few have assessed and compared the 
foot muscles in patients with flatfoot using ultrasonogra-
phy. This study was the first to identify how RFOs affect 
the CSA ratios of the ankle invertors and evertors, which 
are ankle-stabilizing muscles, in children with flatfoot 
and to investigate the relationship between changes in 
CSA of the muscles and pain.

Table 4. Correlations between the degree of change in FFI and the degree of change in CSA ratios of ankle invertor and 
evertor muscles, RCSP angle and radiographic measurements before and after RFO application

FFI ΔTA ratio ΔTP ratio ΔPL ratio ΔRCSP ΔCP ΔMA ΔTNCA ΔTCA

ΔTotal r -0.358 0.050 -0.398 0.476 0.033 0.295 -0.033 -0.374

p-value 0.173 0.853 0.037* 0.009* 0.902 0.268 0.153 0.153

ΔPain r 0.281 0.017 -0.283 0.417 0.145 -0.019 0.196 0.298

p-value 0.119 0.925 0.047* 0.017* 0.429 0.919 0.282 0.269

ΔDisability r 0.129 0.110 -0.314 0.712 0.344 -0.284 0.030 0.223

p-value 0.481 0.550 0.040* 0.001* 0.054 0.115 0.872 0.304

ΔActivity limitation r 0.031 0.061 -0.092 0.151 0.108 0.138 0.186 0.184

p-value 0.868 0.738 0.616 0.411 0.558 0.450 0.310 0.313

RFO, rigid foot orthosis; FFI, foot function index; CSA, cross-sectional area; TA, tibialis anterior; TP, tibialis posterior; 
PL, peroneus longus; RCSP, resting calcaneal stance position; CP, calcaneal pitch; MA, Meary’s angle; TNCA, talona-
vicular coverage angle; TCA, talocalcaneal angle. 
*p<0.05 using the Spearman correlation analysis.

Table 5. Comparison of the degree of change in PL ratio between both groups divided by cutoff value of difference in 
FFI total and subgroup score

FFI n ΔPL ratio t p-value

ΔTotal (1–2 vs. 3–10) -3.070 0.001*

   1–2 12 0.064±0.200

   3–10 36 0.103±0.028

ΔPain (4–7 vs. 8–16) -2.344 0.019*

   4–7 14 0.069±0.022

   8–16 34 0.100±0.030

ΔDisability (0–1 vs. 2–8) -3.764 <0.001*

   0–1 26 0.073±0.023

   2–8 22 0.113±0.025

ΔAL (0 vs. 1) -1.090 0.276

   0 38 0.090±0.031

   1 10 0.108±0.029

Values are presented as mean±standard deviation.
FFI, foot function index; PL, peroneus longus; AL, activity limitation.
*p<0.05.



Foot Orthoses in Children With Symptomatic Flexible Flatfoot

467www.e-arm.org

Similar to a previous study [14], this study examined 
changes in the CSA ratios of the TA, TP, and PL after RFO 
application. The CSA ratios of the TA and TP (ankle inver-
tors) significantly decreased, whereas the CSA ratio of the 
PL (ankle evertor) significantly increased, following RFO 
application. In a study examining the activities of foot 
muscles during walking in patients with flatfoot using 
electromyography, Murley et al. [9] reported large activi-
ties in the TA and TP and small activities in the PL. Shin 
et al. [14] compared the CSAs of the ankle invertors and 
evertors between children with flatfoot and those without 
flatfoot using ultrasonography and found that those with 
flatfoot have greater TA and TP ratios and a smaller PL ra-
tio. In a similar study, Sakamoto and Kudo [2] compared 
the thickness and CSAs of intrinsic foot muscles, such as 
the AH, between a flatfoot group and a typical foot group 
using ultrasonography. The flatfoot group had a larger 
AH, which is a forefoot adductor, and smaller abductor 
digiti minimi and oblique head of the adductor hallucis, 
which are forefoot abductors. They reported that in pa-
tients with flexible flatfoot, the activities of the TA and TP 
increase to compensate for MLA collapse, which causes 
foot eversion when the foot touches the ground in the 
stance phase of a gait cycle. Based on this report, we hy-
pothesized that RFOs would prevent foot overpronation 
during the loading response in the stance phase, thereby 
reducing the activities of the TA and TP, reducing the TA 
and TP ratios, and increasing the PL ratio. Our findings 
supported our hypothesis and confirmed that the TA 
and TP ratios decrease and the PL ratio increases after 
RFO application. At 12 months after RFO application, the 
CSAs of the TA and TP slightly increased from 6.95±2.00 
to 8.20±1.61 and from 2.62±0.98 to 3.97±0.96, respective-
ly, whereas the PL significantly increased from 3.57±0.90 
to 5.72±1.12, which may be because, contrary to the TA 
and TP that had developed excessively to compensate for 
foot overpronation in patients with flatfoot, the PL was 
underdeveloped. As the foot posture was corrected by the 
RFOs, the TA, TP, and PL may have begun to grow nor-
mally, thereby resulting in a slight increase in the CSAs of 
the TA and TP and a greater increase in the CSA of the PL 
to catch up with normal growth.

Evidence of whether foot orthoses can effectively treat 
flatfoot is lacking. Some studies have reported that foot 
orthoses are uncomfortable and ineffective [38] and 
that wearing foot orthoses can even lower self-esteem 

in children [39]. However, Lee et al. [18], who assessed 
the effect of foot orthoses on foot pain and balance in 24 
patients aged ≥6 years with flexible flatfoot, reported a 
significant pain reduction 1–3 months after wearing foot 
orthoses. Shin et al. [14] investigated the correlations 
among the severity of symptoms including pain, the ratio 
of each muscle, and radiographic measurements. They 
found that the FFI is significantly correlated with the TA 
ratio, PL ratio, CP, MA, and TNCA and that the FFI is most 
strongly correlated with the TNCA and PL ratio, thereby 
suggesting that the TNCA and PL ratio may be used to 
predict symptom severity. Based on these findings, they 
suggested that orthoses that limit forefoot abduction 
or exercise therapy that strengthens the PL may reduce 
symptoms, such as pain, in patients with flexible flatfoot. 
In our study, we investigated whether RFOs can reduce 
pain in patients with flexible flatfoot and studied the cor-
relations between the FFI, CSA ratios of muscles, and 
radiographic measurements before and after RFO ap-
plication. We found that RFO enhances foot function im-
pairment due to flatfoot as evidenced by FFI reduction af-
ter RFO application. Specifically, pain and disability were 
reduced. Based on the correlation analysis, we found that 
the greater the change in the PL ratio and the RCSP angle, 
the lesser the pain and disability. In detail, the increase 
in PL ratio was statistically significantly higher for those 
with FFI total scores reduced by more than 3 points, FFI 
pain scores reduced by more than 8 points or FFI dis-
ability scores reduced by more than 2 points. However, 
in this study, the sample size was small, so the difference 
in the number of people between the two groups divided 
by a specific delta value was large. Further studies with 
a large number of patients are needed to determine the 
definitive cutoff value of difference. Ankle-stabilizing 
muscles develop disproportionately in patients with flex-
ible flatfoot, which in turn causes pain and discomfort 
when walking indoors or outdoors or going up and down 
stairs. We believe that RFOs could induce normal muscle 
growth, thereby reducing pain and, subsequently, dis-
ability.

In this study, we assessed the RCSP angle and radio-
graphic measurements, including CP, MA, TNCA, and 
TCA, as secondary outcomes. Lee et al. [40] examined the 
changes in the RCSP angle induced by an insole in 66 pa-
tients with flexible flatfoot and observed a significant im-
provement in the RCSP angle 24 months after RFO appli-



Dong Joon Cho, et al.

468 www.e-arm.org

cation. However, they did not examine changes in the CP. 
Bok et al. [22] studied the effect of custom-made RFOs in 
39 patients with flatfoot aged ≥6 years and reported a sig-
nificant increase in the CP and RCSP angle 12–18 months 
after RFO application. Ahn et al. [27] compared the ef-
fect between RFOs and talus control foot orthoses in 40 
children with flexible flatfoot and reported significant 
improvements in the RCSP angle and CP 12 months after 
RFO application. Similarly, in our study, significant im-
provements in the CP and RCSP angle were observed 12 
months after RFO application. In this study, it was found 
that it was statistically significant that the CP changed 
from mean 12º before RFO application to mean 13.12º 
after RFO application. However, a change of 1.12º is less 
clinically significant and may be a value that can vary as 
a result of measurement error. Further studies with more 
patients are needed to confirm clinically meaningful re-
sults.

This study has several limitations. First, the sample size 
was relatively small. It was difficult to enroll patients in 
this study as the study targeted school-age children, who 
require parents’ consent to participate in the study, and 
because of concerns among the patients and parents 
about frequent visits to the hospital during the corona-
virus disease 2019 (COVID-19) pandemic. Additionally, 
numerous patients were lost to follow-up after the initial 
assessment. Second, this study did not include a control 
group. There is limited information on how the CSA ratio 
of the ankle invertor and evertor naturally changes in the 
general population or children without flexible flatfoot. 
While clearer results may have been obtained regarding 
the effect of RFOs by comparing patients with RFO (treat-
ment group) and those without (control group) among 
patients experiencing pain due to flatfoot, monitoring 
patients who are experiencing pain without management 
such as RFO application was clinically impossible. Third, 
the measurement locations may vary as bones, such as 
the tibia and fibula, grew over time, thereby introducing 
measurement biases. Fourth, we did not investigate the 
number of hours per day that each patient wore the RFOs. 
Most patients use RFOs when they are outdoors; thus, we 
expect that the actual application time would be shorter 
because outdoor activities were limited during the study 
period by environmental factors, such as the COVID-19 
pandemic. Finally, muscles are three-dimensional struc-
tures; the CSA of the muscles measured using ultraso-

nography in this study was two-dimensional. In addition, 
the measurements may vary even if the ultrasonographic 
examination is performed at the same location because 
the shape and volume of the muscles differ for each per-
son. Hence, further research with three-dimensional 
reconstruction using computed tomography or magnetic 
resonance imaging is needed to precisely measure and 
compare muscle changes.

In conclusion, this study was the first to compare the 
CSAs of the ankle invertors and evertors before and af-
ter RFO application in patients with flatfoot. Our study 
confirmed that RFOs might reduce the compensatory 
activities of the ankle invertors, thereby increasing the PL 
ratio, and that pain decreases as the PL ratio increases. 
Therefore, RFOs are effective in reducing pain by inhib-
iting abnormal development caused by overuse of the 
ankle invertor and facilitating normal development of the 
ankle-stabilizing muscles among patients with flatfoot. 
However, whether the ratios of TA, TP, and PL after ap-
plying foot orthoses in patients with flatfoot are similar to 
those in people with normal feet warrants further investi-
gation.
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