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A B S T R A C T

Background: Static foot assessment is commonly performed in clinical practice to classify foot type for pre-
scribing therapeutic interventions. Foot posture index is known to be a reliable indicator for foot position.
Resting calcaneal stance position angle is used widely to determine foot posture and manufacture orthoses for
pediatric flat foot patients. However, the relationship between foot posture index and resting calcaneal stance
position angle in elementary school students is currently unclear.
Research question: To investigate the relationship between foot posture index and resting calcaneal stance po-
sition angle in elementary school students.
Methods: Between January 2016 and December 2017, 208 elementary school students (average age, 10.3 years;
range, 8–13 years) were enrolled for this study. All students were examined physically by one practitioner to
measure foot posture index and resting calcaneal stance position angle. Age, gender, and body mass index were
analyzed for factors associated with flat foot prevalence. This study was conducted as a retrospective com-
parative study. Associations between foot posture index and resting calcaneal stance position angle were de-
termined by Pearson's correlation analysis.
Results and Significance: When measured by foot posture index and resting calcaneal stance position angle, the
overall prevalence of flatfoot was 29% and 24% in the right foot and 26% and 23% in the left foot, respectively.
Resting calcaneal stance position angle and foot posture index score showed moderate correlation in Pearson’s
correlation analysis (left side foot: kappa value=0.710; right side foot: kappa value=0.704).
Conclusion: There is a moderate correlation between foot posture index and resting calcaneal stance position
angle in elementary school students. Thus, both foot posture index with proven validity and reliability and
resting calcaneal stance position widely used in the manufacture of insoles can be used as important bio-
mechanical evaluation tools for feet in clinical settings.

1. Introduction

Static foot assessment is commonly performed in clinical practice to
classify foot type for identifying possible etiological factors related to
injury and prescribing therapeutic interventions [1]. Many practi-
tioners use a variety of assessment tools to evaluate foot posture in the
clinic [2]. The commonly used imaging modalities include pedograph,
radiographs, three-dimensional measurement systems or scanners, ul-
trasound, and laser surface scanner [3]. However, these methods re-
quire special equipment with expensive cost or risk of exposure to ra-
diation. On the other hand, static foot measurement tools such as foot
posture index (FPI) and resting calcaneal stance position (RCSP) can be
simply and quickly used in clinical setting.

The six-item FPI described by Redmond et al. [4] is known to be a
reliable test for measuring foot position [2,4,5]. RCSP angle is also used
widely to determine foot posture and manufacture orthoses for pedia-
tric flat foot patients [6,7]. It is not only one of traditional foot as-
sessment methods, but also still used by many practitioners [6,8].

There are several reports on the high reliability of FPI [4,5,8]. A
recent study has shown its correlation with radiologic parameter of flat
foot [2]. However, foot biomechanical studies on the validity and re-
liability of RCSP angle are relatively less common than those of FPI.

Flatfoot is a common presentation in children and a frequent con-
cern for parents [9]. Volpon has reported that most infants rapidly
develop a normal plantar arch and can expect spontaneous resolution of
a flat foot between 2 and 6 years of age [10]. After this age, any
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significant modifications are less likely to occur [10]. Because of this, in
our study, inclusion criteria were set for elementary school students
after rapid progression of the plantar arch. In addition, the relationship
between FPI and RCSP in elementary school students is currently un-
clear. Therefore, the purpose of this study was to investigate the re-
lationship between RCSP angle and FPI for foot position in elementary
school students.

A few studies disputed the relationship between the prevalence of
flat foot and demographic characteristics including age, gender and
body weight [11–13]. Thus, we also analyzed the correlation between
age, gender, body mass index (BMI) and prevalence of flat foot diag-
nosed with FPI and RCSP.

Results of this study could provide information on whether RCSP
could be used as a clinical measuring tool for pediatric flat foot. This is
the first study to reveal a correlation between FPI and RCSP angle.

2. Methods

2.1. Participants

Between January 2016 and December 2017, a total of 208 partici-
pants (116 boys and 92 girls) with a mean age of 10.3 ± 1.95 years
(range, 8–13 years) were enrolled for this retrospective comparative
study. Participants visited the hospital for foot examination with or
without pain. We obtained information for age, sex, body weight,
height, underlying disease, and others. Participants were considered
underweight if BMI was less than 18.5, normal weight if BMI was be-
tween 18.5 and 24.9, and overweight if BMI was 25 or greater [11].

Patients who were diagnosed with rigid flatfoot, spastic flatfoot, or
posttraumatic flatfoot were excluded. RCSP was first measured by one
practitioner with many years of experience for all participants. FPI was
then done in one hour. Anthropometric data of the study group are
summarized in Table 1. Approval from the Institutional Review Board
was obtained before conducting the study. (Dongguk university ilsan
hospital, 2018-03-024)

2.2. Clinical measurements

2.2.1. FPI
FPI was evaluated in standing position for children using the ori-

ginal protocol with the following six items [4,14]: 1) talar head pal-
pation, 2) supra and infra lateral malleolar curvature, 3) calcaneal
frontal plane position, 4) prominence in the region of the talonavicular
joint, 5) congruence of the medial longitudinal arch, and 6) abduction/
adduction of the forefoot on the rearfoot (Fig. 1).

Each item was scored on a scale of –2, –1, 0, +1, +2 (0 for neutral,
–2 for clear signs of supination, and +2 for clear signs of pronation). All
scores were summed (Table 2). The final score ranged from –12 to +12,
with a larger positive value indicating a more pronated foot. Reference
values are as follows: normal= 0 to +5, pronated = +6 to +9, highly
pronated= 10+, supinated = -1 to -4, and highly supinated = -5 to
-12 [15].

2.2.2. RCSP
RCSP was assessed based on the method described by Root el al.

[16]. Briefly, participants were asked to lie face-down on a bed parallel

to the ground with their feet over the edge of the bed. An investigator
examined their feet manually and put three dots on the upper, middle,
and lower parts of the calcaneus to draw a bisection line regardless of
fat around the calcaneus. RCSP was measured when individuals were
standing with their feet fist-width apart. The angle between the bisector
of the calcaneus and the perpendicular line to the ground was mea-
sured. Flat foot was defined when either of the feet had greater than
four degrees valgus of RCSP angle [6] (Fig. 2).

2.3. Data analysis

All statistical analyses were performed using SPSS Statistics for
Windows, version 19.0 (IBM Corp, Armonk, NY, USA). Associations
between FPI and RCSP were determined by Pearson's correlation ana-
lysis. A p-value< 0.05 was considered significant. A correlation coef-
ficient R2 closer to 1 or –1 indicated a strong correlation whereas a
correlation coefficient R2 closer to 0 indicated weak or no correlation.
R2 is a statistical measure of how close the data are to the fitted re-
gression line. One-way analysis of variance (ANOVA) (Bonferroni test
for multiple comparisons with post hoc analysis) was performed to
assess differences in prevalence related to age and BMI. Pearson chi-
square analysis was conducted to detect significant differences between
males and females and the prevalence of flatfoot diagnosed with FPI
and RCSP. All values are presented as average value with standard
deviation.

3. Results

3.1. Participant characteristics

When measured by FPI, the overall prevalence of flatfoot was 29%
in the right foot and 26% in the left foot. When measured by RCSP, the
prevalence of flatfoot was 24% in the right foot and 23% in the left foot.
From 8–13 years of age, flatfoot prevalence did not increase or decrease
when it was measured by FPI or RCSP (Right flat foot using FPI, p =
0.438; Left flat foot using FPI, p= .802; Right flat foot using RCSP,
p= .331; Left flatfoot using RCSP, p= .551). When measured by FPI,
the prevalence of flatfoot in boys vs. girls was 29% vs. 28% (p= .868)
in right foot and 26% vs. 26% (p= .971) in left foot. When measured
by RCSP, the prevalence of flatfoot in boys vs. girls was 22% vs. 25% (p
= 0.662) in right foot and 19% vs. 27% (p = 0.160) in left foot. There
was no statistically significant association of BMI with FPI or RCSP
(p= .206 for right flat foot using FPI, p = 0.316 for left flat foot using
FPI, p= .728 for right flat foot using RCSP, and p= .629 for left
flatfoot using RCSP) (Table 3).

3.2. Correlation of RCSP angle and FPI score

RCSP angle and FPI score showed moderate correlations based on
Pearson’s correlation analysis (kappa value: 0.710 for left foot and
0.704 for right foot). Quantitative analysis using Pearson correlation
between RCSP angle and FPI showed a linear relationship (Fig. 3). R2

value was 0.363 in the left foot and 0.266 in the right foot.

4. Discussion

Many assessment tools can be used to evaluate foot posture in
clinics. Among them, static foot measurement tools such as FPI and
RCSP are often used because they are easy, fast, and cost-effective.

FPI described by Redmond consists of six specific criteria [4]. It is a
clinical tool that quantifies the degree to which a foot is pronated or
supinated [2,4]. FPI is a relatively simple and rapid method with good
reliability [5]. RCSP angle was introduced in the 1970s. It is one of the
traditional foot assessment methods [16]. Studies on normal bio-
mechanics of foot and ankle through the calcaneal bisection line have
been actively performed since the 1980s [17]. This RCSP angle has been

Table 1
Characteristics of participants.

Value

Age (yr) 10.30 ± 1.95 (8–13)
Gender (male:female) 116:92
Weight (kg) 40.48 ± 11.87 (20.5–83)
Height (cm) 147.01 ± 13.18 (121.1–176.4)
Body mass index (kg/ m2) 18.34 ± 2.93 (12.81–26.67)
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used extensively in the examination and treatment of pediatric and
adult flatfoot [7].

Foot orthoses are frequently prescribed interventions for flexible
flatfoot [18]. Such devices are preferred treatment method for a ma-
jority of biomechanically induced pathologies in the feet and lower
extremities [19].

Rearfoot position is frequently used to guide the manufacture of
most foot orthoses and their prescription variables (e.g. modified Root
style devices [20], Blake devices [21], Medial heel skive [19]) and
therefore needs to be measured reliably. There are limited studies using
RCSP as a tool to confirm the diagnosis of flatfoot and the effect of foot
orthosis [7,22].

In a pediatric foot clinic, the RCSP angle is a common biomecha-
nical parameter to diagnose flatfoot. Dahle et al. [23] have studied the
reliability of RCSP measurement between three examiners and found a
moderate inter-tester reliability of 0.7. Sobel et al. [7] have reported
that there is no significant difference between intra-tester reliability
and inter-tester reliability. However, studies on the correlation of RCSP
with footprint, pedograph, and radiographs are limited. There is a limit
to measure stereoscopic 3D structure of flatfoot because RCSP is 2D

cross-sectional diagnosis.
The most recent scale developed for foot assessment is FPI. In 2006,

Redmond et al. [4] introduced FPI-6 scoring system which consisted of
six components. The FPI (six item version) has been studied for intra
and inter-rater reliability and validity [4,5,8].

According to a recent systematic review focusing on psychometric
properties of foot posture measures used in paediatric populations,
there is not a universally accepted criterion for diagnosing abnormal
paediatric flat foot within 27 articles [24]. In that study, FPI – 6, Staheli
arch index, or Chippaux-Smirak index should be the preferred method
of paediatric foot posture measurement in future research [24].

In our study, RCSP angle and FPI showed moderate correlations. In
addition, since RCSP is a classic and traditional method, many practi-
tioners have been using it for a long time. Thus, it can be used poten-
tially interchangeably with FPI considering practitioner’s proficiency.

The reported prevalence of flatfoot ranges from approximately 0.6%
to 77.9% [25]. The prevalence of flatfoot has been reported to be 37 to
59.7% in age group of 2 to 6 years and 4 to 19.1% in age group of 8 to
13 years [25]. These last results compare with our study, where 17 to
35% of children at a similar age were also determined to have flat feet.

Fig. 1. Six items of the Foot Posture Index (FPI).
1) talar head palpation, 2) supra and infra lateral malleolar curvature, 3) calcaneal frontal plane position, 4) prominence in the region of the talonavicular joint, 5)
congruence of the medial longitudinal arch, and 6) abduction/adduction of the forefoot on the rearfoot.
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In a study by Alfonso et al. [9], targeting 1032 children in 2018,
children’s flat foot posture using FPI trended to be more neutral as age
increases. The authors reported that appreciation of developing foot
posture could reduce overdiagnosis and unnecessary treatment of
paediatric flatfeet [9]. In that study, children were divided into three
groups: 5 to 7 years, 7–9 years, and 9–11 years. Within each group, FPI
scores were significantly reduced after three years. However, in cross-
sectional observation, the prevalence rate of flat foot was 21.2% in age
group of 5–7 years, 29.6% in age group of 7–9 years, and 21.6% in age
group of 9–11 years [9], similar to results of our study.

Several reports have shown that overweight and obesity may affect
foot structure in children and adults [26]. However, some researchers
have reported that there is no significant relationship of flatfeet with
obesity [9,12]. Aenumulapalli et al. [12] have found that the pre-
valence of flatfeet is 13.6% in people aged 18–21 years. They found that
there was no significant difference in prevalence of flatfeet according to
gender. There was no correlation between BMI and arctic indices either.
Alfonso et al. [9] have reported that there is a minimal relationship of
flatfoot with weight, height, and BMI. In our study, there was no re-
lationship between flatfoot diagnosed by RCSP or FPI and BMI (p=
.206 for right flatfoot using FPI, p= .316 for left flatfoot using FPI, p=
.728 for right flatfoot using RCSP, and p= .629 for left flatfoot using
RCSP).

Gijon-Nogueron et al. [27] have reported normative foot posture
index values for pediatric population by cross-sectional study. Their
study included 1762 school children aged 6–11 years. By gender,
average values for the right foot were slightly higher in boys than those
in girls, with values of 3.93 (SD 2.99) versus 3.61 (SD 2.86). Mean value
for the left foot was 4.00 (SD 2.96) in boys and 3.74 (SD 2.87) in girls. A
report have shown that males are twice more prone to have flatfoot
than females [13]. In another study, however, the prevalence of flatfoot
in girls is higher than that in boys probably due to smaller bones and
less bulky muscles in girls [28]. Our study showed no correlation of
flatfoot with boys or girls (p= .868 between boys and girls for right
flatfoot using FPI, p = 0.971 for left flatfoot using FPI, p= .662 for
right flatfoot using RCSP, and p= .160 for left flatfoot using RCSP).
Thus, the relationship of flat foot with gender and BMI appears to be
controversial in elementary school students.

This study had the following limitations. First, all measurements
were performed by the same practitioner. Thus, measurement was not
average FPI or RCSP values measured by several practitioners, but one
measurement. In addition, intra-rater reliability was not confirmed in
FPI or RCSP measurements in this study. There are several reports on
the high reliability of FPI [4,5,8]. According to Evan et al. [8], RCSP
intra-rater reliability of the children group (aged 4 to 6 years) and the
adult group (aged 20 to 50 years) showed moderate reliability of 0.699
(ICC, 95% CI) and 0.533 (ICC, 95% CI), respectively. However, the
intra-rater reliability of RCSP was moderate to good in the adolescent
group (aged 8 to 15 years, 0.706 ICC, 95% CI), including participants of
our study. Diamond et al. [23,29] have reported that RCSP can be
measured with good intra-rater reliability. In a study from Sobel et al.
[7], the intra-class correlation coefficient of RCSP for three examiners
also ranged from 0.61 to 0.90.

We cannot say precisely that our study method performed by one
practitioner is an accurate measure. The intra-rater reliability test
should be performed to ensure accuracy. Unfortunately, it could not be
performed. However, as reviewed above, previous FPI and RCSP intra-
rater reliabilities were moderate to good for participants at elementary
school age range.

Second, our study results may not represent general characteristics
of elementary school students due to its small sample size. In pediatric
population, flatfoot diagnosis using RCSP has not been studied in large-
scale yet. Further studies are needed.

Third, we did not diagnose flatfoot via radiological evaluation due
to radiation risk for elementary school students. More studies are re-
quired in future, based on radiological parameters of flatfoot toTa
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evaluate the correlation between RCSP and radiological diagnosis.
Finally, the interval of one hour between measures might be in-

sufficient to not bias the result. However, due to the nature of school-
aged participants who had difficulty revisiting the clinics, we took a
maximal interval of up to one hour. Bias was reduced by using FPI
measurement at 1 h after completely erasing the bisection line of cal-
caneus which was marked with a water-soluble pen.

5. Conclusions

Our study is the first one to reveal a correlation between FPI and
RCSP in elementary school students. Thus, both FPI with proven va-
lidity and reliability and RCSP widely used in the manufacture of in-
soles can be used as important biomechanical evaluation tools for feet
in clinical settings.
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Fig. 2. Measurement of the Resting Calcaneal Stance Position (RCSP) angle.

Table 3
Association between personal characteristics and prevalence of flat foot diagnosed with FPI or RCSP.

Personal characteristic FPI RCSP P value (FPI) P value (RCSP)

Right Left Right Left Right Left Right Left

Age
8 (n= 47) 13 (28%) 10 (21%) 11 (23%) 9 (19%) .438 .802 .331 .551
9 (n= 65) 23 (35%) 21 (32%) 19 (29%) 19 (29%)
11 (n= 12) 3 (25%) 3 (25%) 2 (17%) 2 (17%)
12 (n= 43) 9 (21%) 9 (21%) 9 (21%) 9 (21%)
13 (n= 41) 12 (29%) 11 (27%) 8 (20%) 8 (20%)

Sex
Male (n= 116) 34 (29%) 30 (26%) 26 (22%) 22 (19%) .868 .971 .662 .160
Female (n= 92) 26 (28%) 24 (26%) 23 (25%) 25 (27%)

BMI
< 18.5, slimming

(n= 113)
29 (26%) 29 (26%) 29 (26%) 28 (25%) .206 .316 .728 .629

18.5-24.9, normal
(n= 87)

27 (31%) 22 (25%) 16 (18%) 17 (20%)

> 25, overweight
(n= 8)

4 (50%) 3 (38%) 4 (50%) 2 (25%)

Total (n= 208) 60 (29%) 54 (26%) 49 (24%) 47 (23%)
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