
INTRODUCTION

Pes planus, or flat foot, is used to describe a foot with a 

low or absent longitudinal arch. Pediatric pes planus is 

mild and asymptomatic in most cases. However, in more 

severe forms, it may present with a variety of symptoms 

that can lead to severe sequelae and dysfunction [1] such 

as pelvic malalignment syndrome and subsequent scolio-

sis [2]. Some children with a flexible flat foot may develop 

fixed secondary deformities and arthritic changes in the 
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Objective  To evaluate the long-term effect of a custom-made rigid foot orthosis (RFO) in children older than 6 

years with pes planus (flat foot).

Methods  Medical records of 42 children diagnosed with flexible pes planus who were fitted with RFOs based 

on the inverted technique and underwent more than four consecutive radiological studies were reviewed. 

Resting calcaneal stance position (RCSP), anteroposterior talocalcaneal angle, lateral talocalcaneal angle, lateral 

talometatarsal angle, and calcaneal pitch were initially measured in both feet to evaluate alignment. Follow-

up clinical and radiological evaluations were then performed at 12–18, 24–30, 36–42, and ≥48 months after RFO 

application. Repeated measures analysis of variance was used to evaluate significant differences.

Results  Significant improvements in all radiological indicators and significant progression of RCSP toward the 

corrective direction were observed after RFO application relative to baseline measurements.

Conclusion  According to our findings, RFO can induce significant improvements in calcaneus-related radio-

graphic indices and subsequently improve talus-related radiologic indices.
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feet as well as various radiologic abnormalities [3,4]. 

Physiologic changes associated with pes planus can 

shorten the Achilles tendon and cause morbidity of the 

posterior tibial ligament. Furthermore, flattening of the 

foot can directly cause pain, movement disorders, and 

poor quality of life [5]. Therefore, treatment of flat feet 

aims to alleviate pain and disability. It generally involves 

conservative non-surgical options such as orthotic de-

vices, although surgical approaches may be attempted in 

rare refractory cases [6]. Accordingly, many authors have 

debated on the use of orthosis for the treatment of flat 

foot. 

Regarding orthosis, Kuhn et al. [3] have reported a 

significant difference between radiometric measure-

ments obtained before and after the use of a flexible foot 

orthosis. Kulcu et al. [7] have reported that flat foot does 

not affect patient’s gait pattern. However, these studies 

included a heterogeneous group of subjects with respect 

to age. Whitford and Esterman [8] have reported effects of 

foot orthosis on children with pes planus aged 7–11 years. 

However, their study period was as short as 12 months. 

In addition, the authors did not perform radiographic 

examinations [8]. Bok et al. [9] have reported effects of 

foot orthosis on radiologic parameters in children aged 

≥6 years. However, their period of investigation was as 

short as 2 years [9]. Pfeiffer et al. [10] have reported an 

average prevalence rate of 46.3% in a study of 2–6 years 

old children. Lin et al. [11] have found that the preva-

lence of flat foot decreases from 57% to 21% with aging in 

a similarly aged population. Volpon [12] have shown that 

most infants have a normal vertical height of the medial 

longitudinal arch between 2 and 6 years and achieve its 

complete form at the latter age. 

For symptomatic patients, treatment with a foot ortho-

sis appears to provide benefits in terms of reducing pain 

and functional deterioration. However, the use of foot 

orthosis remains controversial in asymptomatic cases as 

the provision of proper foot support is assumed to inhibit 

progression to severe structural abnormalities and/or 

improve radiologic indicators. The purpose of this study 

was to evaluate long-term effects of rigid foot orthosis 

(RFO) in children 6 years of age or older. This age group 

was determined based on findings of the above-men-

tioned longitudinal studies of children.

MATERIALS AND METHODS

In this study, medical records of 42 children aged 6 

years or older who were diagnosed with flexible flatfoot, 

fitted with RFOs based on the inverted technique, and 

participated in more than four consecutive radiologi-

cal studies were reviewed. Flexible flat foot was defined 

as the disappearance of the medial posterior arch only 

upon weight-loading, a resting calcaneal stance position 

(RCSP) angle of less than -4°, and satisfaction of one of 

the following four radiographic measurement criteria: (1) 

an anteroposterior talocalcaneal angle (APTCA) >30°; (2) 

lateral talocalcaneal angle (LTTCA) >45°; (3) lateral talo-

metatarsal angle (LTTMA) >4°; or (4) calcaneal pitch (CP) 

<20° [4,9,13]. Patients who met the following criteria were 

excluded: (1) evidence of a fixed-foot deformity; (2) his-

tory of intervention (e.g., previous orthosis or surgery); (3) 

congenital or developmental foot disease; (4) evidence of 

neuromuscular or central nervous system disease; and/

or (5) injuries requiring a non-weight bearing period at 

the time of the study. This study received approval from 

the Institutional Review Board of Chungnam National 

University Hospital (No. 2015-03-040).
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Fig. 1. Representative radiographic 
images of both feet : (A) antero-
posterior view and (B) lateral view 
indicating ① anteroposterior ta-
localcaneal angle, ② lateral talo-
metatarsal angle, ③ lateral talo-
calcaneal angle, and ④ calcaneal 
pitch.
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Resting calcaneal stance position

The subject was asked to place his foot on the edge of 

the bed and lay in the prone position on a bed parallel 

to the ground. The investigator then manually inspected 

the foot and drew a bisector by placing three dots on the 

top, middle, and bottom of the heel regardless of fat sur-

rounding the calcaneus. The RCSP was measured when 

the subject stood on his or her feet placed at a fist-width 

distance. Angles were determined between the line of 

heel and the surface.

Radiographic measurement

All radiological examinations were performed before 

and after treatment. Participants’ feet were examined in 

both anteroposterior and lateral views while in a standing 

position. APTCA was defined as the acute angle between 

the dichotomous line of the calcaneus and talus with the 

long axis on an anteroposterior radiograph to evaluate 

rearfoot alignment. LTTCA, LTTMA, and CP were mea-

sured in the lateral view to evaluate the medial longitudi-

nal arch of the foot. LTTCA was defined as the angle be-

tween the longitudinal axis of the talus and the calcaneus 

measured on a weight-bearing foot radiograph. LTTMA 

was defined to the angle between the longitudinal axis of 

the talus and the first metatarsal bone. CP was defined as 

the angle formed by the standing surface and a line from 

the lower margin of the calcaneus (Fig. 1). 

All radiological measurements were independently 

measured by two rehabilitation physicians to minimize 

errors. Mean values of all measurements were used for 

further analyses. Clinical and radiological examinations 

were performed five times in total: before the use of the 

RFO and at 12–24, 24–36, 36–48, and 48–60 months after 

application of the RFO.

Rigid foot orthosis 

RFO is a functional foot orthosis based on Blake’s in-

verted technique. It was developed to control excessive 

foot pronation [14,15]. Specifically, calibration was per-

formed when the calcaneus was everted more than 5° 

(i.e., a RCSP of less than -5°). After determining the target 

RCSP angle, this value was multiplied by five-fold to de-

fine the pouring angle. This technique aims to calibrate 

the heel vertically based on the RCSP, using the medial 

portion of the calcaneus as the target for correction. Pa-

tients were instructed to wear the RFO both indoors and 

outdoors for at least 8 hours per day.

Statistical analysis

Mean values and standard deviations   of the standing 

RCSP angle and the four radiographic measurements 

were calculated and compared between before and after 

application of the RFO. These values were compared and 

analyzed using a repeated measures analysis of variance 

to evaluate degrees of change in measured values over 

time. Statistical significance was defined at p-value <0.05.

RESULTS

This study included 24 boys and 18 girls with a mean 

age of 9.79 years (range, 6–15 years). These children 

chiefly complained of gait abnormalities (8 children, 

19.0%), foot pain during walking (15 children, 35.7%), 

and flat foot itself (19 children, 45.2%). Average intervals 

from baseline until the 2nd, 3rd, 4th, and 5th visits were 

18, 26, 40, and 56 months, respectively (Table 1). Serial 

change and significant results of the RCSP angle and four 

Table 1. Basic demographic characteristics of partici-
pants (n=42)

Characteristic Value

Age (yr) 9.79±2.67

Sex

      Male 24

      Female 18

Average intervals from baseline (mo)

      1st visit 18.1±2.2

      2nd visit 26.4±3.1

      3rd visit 40.2±5.4

      4th visit 55.9±5.7

Baseline values of radiologic indicators 
   and RCSP (°)

      APTCA 36.7±8.1

      LTTCA 47.0±6.4

      LTTMA 16.3±9.0

      CP 11.8±4.2

      RCSP -8.3±5.6

Values are presented as mean±standard deviation.
RCSP, resting calcaneal stance position; APTCA, antero-
posterior talocalcaneal angle; LTTCA, lateral talocalca-
neal angle; LTTMA, lateral talometatarsal angle; CP, cal-
caneal pitch.
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radiographic measurements are shown in Fig. 1. 

Anteroposterior talocalcaneal angle

Average APTCA values at baseline, 2nd, 3rd, 4th, 

and 5th visits were 36.7°±8.1°, 36.1°±8.5°, 29.5°±6.9°, 

29.1°±5.5°, and 28.8°±5.1°, respectively. Notably, the 3rd, 

4th, and 5th measurements represented significant im-

provements over the baseline. However, the most signifi-

cant difference appeared between the 2nd and 3rd visits. 

Lateral talocalcaneal angle 

Average LTTCA measurements at baseline, 2nd, 3rd, 

4th, and 5th visits were 47.0°±6.4°, 48.4°±7.5°, 47.2°±4.6°, 

45.1°±4.3°, and 43.8°±4.7°, respectively. Both the 4th and 

5th measurements represented statistically significant 

improvements compared to the 2nd measurement and 

the 5th measurement represented a significant improve-

ment over the baseline. 

Lateral talometatarsal angle

LTTMA measurements at baseline, 2nd, 3rd, 4th, and 

5th visits were 16.3°±9.0°, 15.4°±8.4°, 8.6°±5.2°, 8.9°±4.5°, 

and 8.4°±4.4°, respectively. The 3rd, 4th, and 5th mea-

surements represented significant improvements over 

the baseline. However, the most significant difference ap-

peared between the 2nd and 3rd visits.

Calcaneal pitch

CP measurements at baseline, 2nd, 3rd, 4th, and 5th 

visits were 11.8°±4.2°, 14.2°±4.1°, 15.7°±3.9°, 16.0°±4.0°, 

and 16.1°±4.2°, respectively. Here, all comparisons re-

vealed significant differences except among the 3rd, 4th, 

and 5th visits.

Resting calcaneal stance position

RCSP measurements at baseline, 2nd, 3rd, 4th, and 5th 

visits were -8.3°±5.6°, -2.2°±2.5°, -1.7°±2.0°, -1.6°±3.2°, 

and -1.5°±2.7°, respectively. The 2nd, 3rd, 4th, and 5th 
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Fig. 2. Serial changes in anteroposterior talocalcaneal angle (APTCA), lateral talocalcaneal angle (LTTCA), lateral talo-
metatarsal angle (LTTMA), calcaneal pitch (CP), and resting calcaneal stance position (RCSP) over time. *p<0.05; 2nd, 
3rd, 4th, and 5th correspond to evaluations conducted at 12–18, 24–30, 36–42, and ≥48 months after rigid foot orthosis 
application (i.e., baseline).
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measurements represented statistically significant im-

provements over the baseline.

DISCUSSION

The present study demonstrated long-term (i.e., >4 

years) trends in changes of positions of the talus and the 

calcaneus following the application of a custom-made 

RFO. We measured four radiologic indicators to evaluate 

the alignment of the mid to hindfoot, with the aim to in-

crease reliability of the results and evaluate relationships 

between various parts of the foot. The CP known to be 

only affected by the calcaneal factor exhibited the great-

est significant increase between the baseline and 2nd 

visits. Although the 3rd visit also represented a signifi-

cant change relative to the 2nd visit, the difference was 

not greater than that observed during the first interval. A 

similarly significant difference in RCSP was also observed 

between the baseline and the 2nd visit. However, no sig-

nificant differences were observed between other visits. 

These findings might be due to the fact that the medial 

side of the calcaneus is the primary target of the custom-

made RFO. Therefore, changes in this factor are the most 

obvious in the beginning. 

We also observed that in contrast with significant in-

creases in indices associated only with the calcaneus, 

the LTTCA tended to increase only from the baseline to 

the 2nd visit. This outcome might be due to the lack of 

calibration of the talus at baseline. However, this value 

decreased gradually over time and normalized after 4 

years probably due to gradual talar inclination. Moreover, 

we did not observe a significant decrease in the APTCA 

from the baseline to the second visit whereas this value 

decreased significantly from the 2nd to the 3rd visit, indi-

cating that talus changed mainly after the early calcaneal 

inclination between the 2nd and 3rd visits. Finally, the 

greatest change in the LTTMA value was observed be-

tween the 2nd and 3rd visits, further confirming that the 

greatest talar inclination occurred between these time 

points. 

We further noted no significant changes in any of the 

measurements between the 3rd and 5th visits, although 

some tendencies were observed. Taken together, our 

findings indicate that most changes associated with RFO 

use occur soon after application. They are subsequently 

maintained. Furthermore, all findings indicate that a 

change in the talus occurs only after a change in the ini-

tial calcaneus inclination. 

Compared with previous studies, we observed addi-

tional changes in radiographic indices after 2 years. Most 

radiographic indices exhibited significant changes within 

the first 2 years and a gradual plateau in the slope [9]. In 

a study of spontaneous changes in radiographic indices 

in planovalgus children, Park et al. [16] have reported 

that slope patterns tend to decrease beyond 10 years of 

age and plateau until skeletal maturity. In our study, the 

mean age at the beginning of RFO use was 9.79 years. 

Slope patterns of radiographic indices decreased after 2 

years of rapid change. Our data combined with previous 

study findings suggest that the RFO should be worn for at 

least 2 years. Patient’s age appears to be more important 

than the absolute wearing period. It is advisable to wear 

the orthosis until skeletal maturity is achieved unless a 

cavus deformity is observed during RFO use.

Our study had several limitations. First, it was limited 

by the lack of a control group. However, we were unable 

to enroll a control group given the clinical nature of this 

study and the fact that participants’ parents did not con-

sent to the inclusion of their children as controls. Second, 

we did not investigate pain. As noted above, many cases 

of flexible flat foot are asymptomatic. Because we did 

not observe symptoms in this study, we could not know 

whether improvements in radiologic indicators were as-

sociated with changes in symptoms. However, according 

to our clinical experience, patients with flexible feet usu-

ally complain of pain in the medial arch and dull pain in 

the ankle possibly due to excessive pressure of ligaments 

in soles and an inability to achieve proper force distribu-

tion. The pain may also be affected by excessive relax-

ation of the ligament due to eversion of the calcaneus and 

supination of the forefoot in the ankle joint. Furthermore, 

some children with flexible flat foot exhibited tightness 

in the Achilles tendon. Correction of these problems may 

improve pain in the affected foot. Future studies should 

evaluate foot pain in an outpatient clinical setting and 

the relationship between RFO use and pain.

In conclusion, results of this study indicate that cus-

tom-made RFO can initially lead to significant improve-

ments in calcaneus-related radiographic indices followed 

by significant improvement in talus-related radiologic in-

dices. The most significant improvements were observed 

within 26 months for calcaneus-related radiographic 
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indices and after 18 months for talus-related radiologic 

indices which changed more gradually. Future studies 

should aim to conduct a randomized controlled trial in-

volving a control group with intergroup comparisons for 

symptoms and radiologic indices.
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