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Abstract
The objective of this study was to establish the accuracy of the resting calcaneal stance position (RCSP) for the assessment
of flat foot (FF) in children, aligned to the validity of the foot posture index (FPI). The RCSP cut-off point was explored, in
context of both FF prevalence and the relationship between FF and body weight. A total of 205 healthy children, aged 5 to
10 years, participated in a cross-sectional study. Correlation was performed between RCSP and FPI. ROC curve technique
was calculated to assess differentiation between groups. A score equal to or greater than 7 on the FPI was used as the ‘gold
standard’ for analysis. The correlation between FPI and RCSP was significant (r=0.63; p <0.01). The discrimination score
on the ROC curve (6 points/degrees) shows that the model can be used to identify FF through RCSP, with a sensitivity of
67% and specificity of 85% returned.

Conclusion: The results of this study indicate the role of RCSP for simple, accessible and quick screening of paediatric
FF. This is especially pertinent for non-podiatric healthcare professional without specialised paediatric foot knowledge.

What is Known:

® Most children develop a normal arch quickly, and flat feet usually resolve on their own between 2 and 6 years of age.

o The measurement used to diagnose flat foot in children must be accurate, consistent, and valid to characterize the standard foot position. The
Resting Calcaneal Stance Position (RCSP) is another widely used measure to evaluate the position of the flat foot in children.

What is New:
o The RCSP cut-off point 6 shows a sensitivity of 67% and a specificity of 85% thanks to the FPI as the Gold standard.
o The RCSP is useful for health professionals who are not specialised in pediatric foot health. The RCSP is useful to detect flat foot in children.
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Introduction

The issue of flat feet (FF) in children is a long-debated issue,
with uncertainty and confusion regarding feet considered
normal or abnormal, when to treat or simply observe, how
best to treat without surgery and when and how to inter-
vene surgically [1-3]. When analysing a child with FF, the
agreed primary differentiation is between the physiological
and pathological forms. Despite this, there is no universally
accepted definition for FF in children, although consistent
features include a valgus heel and a flattened medial longi-
tudinal foot arch [4].

In essence, there are two types of FF: flexible and rigid.
A flexible flat foot is expected in children, yet a common
concern for parents. It is characterized by the reduction of
the medial arch with weight-bearing [5]. In most cases, flat
feet between 2 and 6 years of age evolve into a normal arch
[6]. In infants, many foot bones are ossifying, ligaments are
very flexible, fatty tissue resides through the non-weight
loaded foot arch, and muscle control is still in the process of
neuro-maturation [7, 8]. Rigid FF are uncommon, affecting
less than 1% of the population [9]. Rigid FF are character-
ised by having an unchanging low/flat medial foot arch in
both weight-bearing and non-weight-bearing states [5].

Paediatric FF is usually physiological and painless [10].
Pathological FF in children do occur and can be variably
symptomatic, with the potential for long-term problems,
such as posterior tibial tendon dysfunction and lower limb
pain [11]. Such cases may also be associated with foot
anomaly, such as bunions and hammertoes [12].

Hence, whilst most paediatric FF indicate normal physi-
ology, it is important to identify the minority of pathologi-
cal cases, so that intervention can be implemented to avert
further pain and functional limitations [2]. Generally, con-
servative measures precede surgical approaches, with foot
orthoses and footwear being mainstays. In the uncommon
FF that are not managed conservatively, surgical interven-
tions are considered, as is often the case for rigid FF [4, 13].

The assessment of children’s FF may involve several
methods, such as X-rays, static measures of foot position and
footprint analysis [14]. As with all useful measures, those
used to assess FF must be consistent and valid for charac-
terization from a standard foot position.

The diversity of testing approaches has resulted in wide
variation in the reported incidence of paediatric FF, ranging
from 0.6 to 77.9% [15]. A systematic review addressing pae-
diatric FF measures [14] reported that most information influ-
encing clinicians to both evaluate and treat FF are based on
unsubstantiated measures. In contrast, the foot posture Index
(FPI) is demonstrably reliable and valid as an established tool
to evaluate foot position [16]. The FPI was developed over 20
years ago; this tool identifies the morphology in the 3 cardinal
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axes of the foot as its definition justifies the FF, differentiating
itself from tests such as footprint indices [17]. Use of the FPI
allows doctors to track change from baseline as children grow
or as a presentation progresses. The FPI is a comprehensive
6-item measure, which evaluates the three-dimensionality of
the foot through palpation and observation. The FPI enables
easy and non-invasive classification to five foot posture catego-
ries, ranging from highly supinated to highly pronated (known
as FF) [17]. Gijon-Nogueron et al. [16] compiled large-scale
paediatric normative data, finding that a FPI total score> +7
is considered FF [18].

The resting calcaneal stance position angle (RCSP) is
a single, one-plane, clinical measure, which continues in
wide use, to assess the valgus heel facet of FF [19]. Previous
research [20] has correlated FPI with RCSP to simplify the
clinical detection of paediatric FF using a single measure.

There is increased awareness from a range of medical
professionals and the community, regarding wider health
and the importance of walking [2], and paediatric foot con-
cerns present to many health and medical professionals. As
a concept, RCSP is an accessible FF screening measure that
is simple and quick to apply in the clinical setting, when
the doctor or paediatrician has little time and non-particular
foot knowledge.

The aims of this study were to establish whether the
RCSP may align with the validated FPI in the clinical detec-
tion of paediatric FF; relate RCSP cut-off points with body
weight; and avail a simple, non-invasive, low-cost, clinical
measure for use by a range of health and medical profes-
sionals to screen for paediatric FF, when not specialised in
paediatric feet nor gait.

Materials and methods
Ethical approval

This study was carried out in full compliance with the ethical
principles established in the Declaration of Helsinki regard-
ing medical research with human participants. In addition, it
received approval from the Ethics Committee, specifically
from the Ethics Committee of the Universidad Catdlica San
Antonio de Murcia under the reference CE112104. Ethical
approval was obtained from children’s parents who signed
an informed consent.

Participants

In this cross-sectional study, a total of 205 children, aged from 5
to 10 years, were involved as research participants. The measure-
ments occurred during 2022, specifically from January to June
at the San Francisco de Asis School in Lorca, Murcia (Spain).
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Inclusion criteria were children aged 5 to 10 years, not
experiencing foot pain during the evaluation and informed
permission from parents or guardians. Exclusion criteria
were a rigid FF, congenital structural anomalies of the foot
or ankle, cerebral palsy, surgery to the foot or lower extrem-
ity and genetic, neurological or muscular diseases.

Procedure

Demographic data was collected, including: sex, age, weight and
height. The children wore comfortable sports clothing, specifi-
cally shorts, and were barefoot during the measurements. The
children were asked to relax, and all measurements of joint
mobility were carried out without causing any discomfort or pain.

Body mass index (BMI) was calculated from participants’
height and weight (BMI=weight (kg)/height(m)?). Given Span-
ish participants, BMI classification per Orbegozo [21] was used
to group participants according to BMI and age. This categori-
zation establishes four different ranges as follows: low weight,
BMI is below the 3rd percentile (P < 3); normal weight, BMI is
between 3rd and 90th percentiles (P: 3-90); overweight, BMI is
between the 90th and 97th percentiles (P: 90-97); and obesity,
percentile greater than 97th (P> 97).

Table 1 shows the children classified by BMI group, and
by age.

Two experienced researchers performed all measurements
on both feet, of each child.

Foot position was measured with the FPI, with partici-
pants barefoot, standing relaxed, and examiners using visual
observation and manual manipulation. The six criteria were
evaluated (talar head palpation, supramalleolar and infra-
malleolar curvature, frontal plane position of the calcaneus,
talonavicular prominence, medial arch congruence and
forefoot abduction/adduction). Each criterion was scaled
from+ 2 (pronated) to —2 (supinated), with O representing

a mid-point position. Criterion scores were summed to a
total score, which classified foot posture categories, ranging
from highly supinated to highly pronated [17].

Inter-observer reliability of the FPI, in children aged 5
to 16 years has been shown to be very high, with a consist-
ent weighted Kappa coefficient of 0.86 [22], in addition
to excellent intra-observer reliability (/CC =0.93-0.94)
[23].

The RCSP was evaluated using the standard method [24].
Measurements were taken from both feet of each participant.
On each process, the participant was lying face down with their
ankle flexed to 90°, so that their heel was aligned perpendic-
ularly with their leg in the sagittal plane. Next, the posterior
aspect of the calcaneus of both feet was sectioned with a fine
marker. The angle of the calcaneus bisection line and that per-
pendicular to the floor was measured in degrees. Intra-observer
reliability for the RCSP in the paediatric population showed a
good weighted kappa value (Kw=0.61 and 0.90) [25].

Statistical analysis

All statistical analyses were carried out using SPSS version
29 (IBM SPSS Statistics SPSS Inc., 2022]. An exploratory
analysis of the data was performed, encompassing descrip-
tive statistics for FPI, RCSP, age, gender and BMI. Nor-
mality of data distribution (Kolmogorov—Smirnov test) and
data homogeneity (Levene) found that sample data were
not normally distributed, directing descriptive statistics to
characterise the FPI and RCSP. Accordingly, Spearman’s
(rho) correlation coefficient was determined for continu-
ous variables, and the chi-square test was used for qualita-
tive variables. To preserve the Independence of data [26],
based on the strong correlation between FPI scores for left
and right feet in previous studies [16], statistical analysis
addressed the left foot, chosen at random [27].

Table 1 Descriptive statistics

FPI (points) RCSP (degrees)
(n=196)
Age n Mean (SD) p-value Mean (SD) p-value
Male Female Male Female Male Female

5 14 17 4.5(2.5) 32(3.2) 220 44 (2.4) 4.3(2.6) A1
6 25 23 4(3) 3.9(2.8) 922 5.8 (1.8) 3.8:2.1) 758
7 16 18 5.3(2.6) 4.13.2) .268 4.4 2.7 4.1@3.1) 514
8 8 25 3(2.6) 2.8(2.5) 879 4.6 (2.3) 4(3) 126
9 12 33 3.4(3.5) 44224) 273 4(2.1) 5(2.5) 279
10 3 2 4(3,6) 6(1.4) 361 3.6(2.3) 4(0) .668
Total 78 118 4.1(2.9) 3.8(2.8) 205 44(2.4) 4.3(2.6) 181

FPI foot posture index, RCSP rest calncaneal stance position
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A paired samples 7-test was used to compare the FPI
and RCSP between left and right sides.

The ROC curve technique was used to determine how
effective the FF is in differentiating between groups. This
technique revealed the ability of FF to correctly detect posi-
tive and negative cases at various levels, in addition to eval-
uating overall performance using the area under the curve
(AUC) [28]. The cut-off point represents the strongest dis-
crimination between children with FF and straight feet. An
FPI score > +7 was used as the ‘gold standard’ for analysis.
The level of statistical significance was set at p <0.05.

Reliability analysis was assessed by calculating the
intraclass correlations (/CCs) for RCSP. ICC across the
same-subject repeated measures trials were calculated for
each of the two examiners (intra-rater) in 25 children and
between the two examiners (inter-rater) in 25 children.

Sensitivity
on
=

Results

A total of 196 children were considered in the final analysis,
as nine were excluded due to the pain during examination. The
average age of participants was 7.6 years (range, 5 to 10 years);
60.2% were girls and 40.8% were boys. The average body mass
index (BMI) was 17.8 kg/cm?, with no statistically significant
differences by gender (p=0.40) or age (p=0.01).

Regarding laterality, there were no significant differ-
ences between left and right-sides for either the FPI or the
RCSP.

Overall, FPI values were slightly higher in boys compared
to girls: 4.1 (2.9) versus 3.8 (2.8) (p=0.205). The RCSP was
slightly higher in boys compared to girls: 4.4 (2.2) degrees
versus 4.3 (2.6) degrees (p=0.181). Descriptive statistics of
the FPI and RCSP are presented in Table 1.

RCSP

-100 75 50

-25 0

Specificity

Fig. 1 ROC curve for the RCSP. ROC curve: combined. RCSP — rest calcaneal stance position
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Table 2 Sensitivity and

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Youden’sindex AUC Metric score

e Cut-point
1-specificity for RCSP
6 67.57%
7 54.05%

80.5%
91.82%

44.64%
60.61%

91.43%
89.57%

0.481
0.459

0.818 1.48
0.818 1.46

PPV positive predictive values, NPV negative predictive values, AUC area under the curve

Bivariate analyses were performed to determine the relation-
ships between the FPI and RCSP, in both feet. The correlation
between FPI and RCSP was significant (R=0.63; p <0.01).

Identification of the cut-off point and
predictive values

The detection of FF using RCSP, used a determined cut-off
point. All children were evaluated by expert examiners for
the FPI (AUC 0.81, p <0.001). The point on the ROC curve
closest to both axes determines the appropriate score for
sensitivity and specificity. The discrimination score on the
ROC curve (6 points/degrees) shows that the model can be
used to identify FF through RCSP (Fig. 1). Analysis by gen-
der found no differences in the cut-off point. The maximum
related Youden index was 0.48 and the cut-off point was 6,
a score > 6 detected FF using the RCSP (Table 2).

Once the cut-off point for FF detection using the RCSP
(as 6 degrees) was determined, a prevalence study according
to both age and sex was carried out for the FPI (Table 3).

Table 3 Relationship between individual variables and the appear-
ance of flat feet identified by the FPI or RCSP diagnostic methods

Variable FPI RCSP
Age
5 (n=31) (25.8%) (41.9%)
6 (n=48) (16.7%) (25%)
7 (n=34) (23.5%) (29.4%)
8 (n=33) (24.2%) (19.2%)
9 (n=45) (15.6%) (20%)
10 (n=5) (20%) (0%)
Total (n=196) (18.9%) (29.6%)
Sex
Male (n=116) (20.5%) (29.5%)
Female (n=92) (17.8%) (28%)
BMI
Underweight (P <3) (n=0) (0%) (0%)
Normal (P3-90) (n=145) (19.3%) (18%)
Overweight (P90-97) (n=19) (15.8%) (31.6%)
Obesity (P>97) (n=32) (28.1%)  (34.4%)

BMI body mass index, FPI foot posture index, RCSP rest stance posi-
tion

Our results for BMI and waist-hip ratio (WHR), found
a majority of participants with normal weight (74%),
divided into straight feet (71.7%) and FF (28.3%). The
percentage of overweight was 9.7%, which subdivided
into straight feet (68.4%) and FF (31.6%). Obese students
were 16.3%, divided into straight feet (65.6%) and FF
(34.4%).

Overall, there was no significant difference in the preva-
lence of FF between those with different weight classifica-
tions (X2 = 50.8; p = 0.776). However, the 8-year-old par-
ticipants did return significant differences between groups
(x* = 10.43; p = 0.005) (Table 4).

A good intra-rater reliability for the RCSP was found; ICC
(ICC=0.81-0.87) and inter-rater reliability /CC=0.74).

Discussion

The aim of this study was to determine the relationship
between FPI and RCSP, in an effort to provide simple
screening of paediatric FF, using an accessible, quick and
low-cost tool for persons inexperienced in the intricacies
of paediatric feet.

Paediatric FF continues to cause debate with little con-
sensus regarding the assessment and consequence of this
common clinical presentation [18]. Given this dissent and
confusion, it is essential that clinical paediatric FF assess-
ment be consistent, using validated measures. It is crucial
to adopt an evidence-based approach, which can be prob-
lematic given the dearth of scientific certainty of many
assessment methods [14].

A systematic review on the diagnosis of FF [14],
analysed 20 measures of foot posture, including simple
X-rays, footprint indices, static measures and plantar pres-
sure. Of these, only Chippaux-Smirak index, Staheli arch
index, and FPI had moderate validity, with high intra-
observer and inter-observer reliability. Hence, the FPI is
relevant for both researchers and doctors to assist better
understanding of the paediatric FF.

More recent studies [16, 29] have utilised the FPI to
ascertain normative data for paediatric foot posture, in
children aged from 3 to 15 years. This large-scale dataset
indicated that an FPI score of + 6 be considered a normal
paediatric foot upper cut-point [18].

@ Springer
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Table 4 Relationship between Age Percentile Total
BMI and foot posture
Normal 7 (%) Overweight n (%) Obesity n (%)
5.00 RCSP Straight 14 (77.8) 3(16.7) 1(5.6) 18
FF 11 (84.6) 0(0) 2 (15.4) 13
Total 25 (80.6) 309.7) 309.7) 31
6.00 RCSP Straight 28 (77.8) 2 (5.6) 6 (16.7) 36
FF 9 (75) 1(8.3) 2 (16.7) 12
Total 37 (77.1) 3(6.3) 8 (16.7) 48
7.00 RCSP Straight 18 (75) 1(8.3) 5(16.7) 24
FF 8 (80( 1(10) 1(10) 10
Total 26 (76.5) 2(5.9) 6 (17.6) 34
8.00 RCSP Straight 22 (81.5) 3(11.1) 2(74) 27
FF 1(16.7) 2 (33.3) 3 (50) 6
Total 23 (69.7) 5(15.2) 5(15.2) 33
9.00 RCSP Straight 20 (71.4) 4(14.3) 4(14.3) 28
FF 12 (70.6) 2 (11.8) 3 (17.6) 17
Total 32 (71.1) 6 (13.3) 7 (15.6) 45
10.00 RCSP Straight 0 (0) 0(0) 0(0) 0
FF 2 (40) 0(0) 3 (60) 5
Total 2 (40) 0(0) 3 (60) 5

RCSP rest calcaneal stance position, FF flat feet

High correlation has been found for RCSP and heel
valgus angles measured from radiographs [30] Together
with the absence of radiation, RSCP can be realised as
an accessible, safe and reliable tool to assess heel valgus
as a FF constituent. Using RCSP instead of FPI provides
a simpler FF screening mechanism, as recently proposed
[20]. Previous research in children aged 8 to 13 years dem-
onstrated moderate relationship between RCSP and FPI,
with a kappa between 0.70 and 0.71 [20]. In contrast, our
data returned a similar, if lower, relationship (r=0.63;
p <0.01), in children aged 5 to 10 years.

This research distinguishes itself from previous studies
by using the validated FPI to assess foot posture, rather
than relying on the subjectivity of arch type, or indistinct
soft tissue expansion as captured by the footprint indices
of Staheli or Chippaux-Smirak. The FPI prioritises the
three-dimensionality of the foot, as opposed to footprints.

The FPI, which is validated in children for foot type, was
used as a ‘gold standard’ cut-off point for detection of pae-
diatric FF, using the RCSP. The present study determined
a RCSP score of 6 (degrees) as the optimal cut-off with
moderate sensitivity (67%) and high specificity (85%). The
cut-off value was analysed per gender, and the value of 6
was retained. Hence, the same cut-off value applies across
both genders and both feet. Previous studies have used 4
(degrees) as a cut-off point for the RCSP in children [20,
31, 32], without evaluating the discriminant validity of this
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test. Our study, after calculating the ROC curve, discerned
6 (degrees) as the optimal cut-off point for the classifica-
tion of FF in children. This has immediate application for
future research, as well as for public health use.

The heterogeneity of detection of paediatric FF creates con-
fusion for prevalence. A prevalence of 27% using footprints for
the diagnosis of FF at age 6 to 10 years has been calculated
[33]. Employing the FPI [20] found a prevalence of 26 to 29%
at 8 to 13 years (using FPI+ 6 for inclusion), and prevalence 23
to 24% from RCSP (cut-off point of 4) [20]. Our study found a
lower FF prevalence using FPI (18.9%), and a higher prevalence
with RCSP (29.6%). Notably, our study cut-off point for RCSP
(6 degrees) was obtained from evaluating the specificity and
sensitivity of the test and using the FPI as a ‘gold standard’.

In our study, we related BMI to FPI and to RCSP and
found that body mass does not appear to exert significant
influence on static foot posture. For many years, the rela-
tionship between obesity and FF represented a challenge
due to the heterogeneity of FF classification tools [33,
34]. Several studies have reported that overweight and
obesity affect the structure of the foot in children, such as
the width of the midfoot [35] and presuming relationship
FF. However, when comparing foot posture using the FPI,
instead of a limited footprint, authors have found no clear
relationship between BMI and foot posture [36].

The main limitation of this study is the age of participants,
as only children between the ages of 5 and 10 were included,
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omitting those aged up to 14 years when bone development of
the foot is complete. Another limitation was the ethnicity of
participants (mostly Caucasian); hence, we cannot extrapolate
these findings to population of other ethnicity. Furthermore,
there was a small number of 10-year-old participants.

It is considered important to carry out investigations
in the rest of the ages to compare the cut-off point. On
the other hand, studies should also be carried out in other
types of populations.

The clinical implication arising from this study are that
the many physicians who encounter paediatric FF con-
cerns can utilise the RCSP as a good screening tool, that is
easy to use, quick, low cost and reliable. Knowing that the
RCSP is a reasonable proxy for the FPI avails this simple
tool for public health use, as part of basic paediatric lower
limb triage, using the 3Q [37].

Undue attention to paediatric FF, which are usually flexible
and painless, can cause unnecessary concern, result in unwar-
ranted treatment and waste healthcare resources [14].

Conclusion

Having obtained the RCSP cut-off point of 6 (degrees), with
a sensitivity of 67%, and a specificity of 85%, using the FPI
as ‘gold standard’, we have identified an important new use
for an old tool, to facilitate screening for paediatric FF. The
RCSP is especially useful for health professionals who are
not specialised in paediatric feet or gait.
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