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Objective: Clinically, the foot posture index-6 (FPI-6) and Clarke’s angle (CA) are widely
utilized to assess static foot posture; however, due to scarcity of scientific evidence, clin-
icians continue to debate the validity and diagnostic accuracy of these measures in children
and adolescents. This study aimed to evaluate and compare the validity and diagnostic
accuracy of the FPI-6 and CA in determining adolescents’ flexible flatfoot between ages of
12 and 18 years, considering radiographic investigation as a reference standard measure.
Design: Cross-sectional study.

Setting: Governmental hospitals.

Participants and Methods: A sample of 460 people (920 feet) with flexible flatfoot
between the ages of 12 and 18 (15.23 + 0.84 years) was enrolled in the study. The findings
of the investigated measures were compared to the reference standard radiographic measure
and plotted on the receiver operating characteristic (ROC) curve. The area under the ROC
curve (AUC) was determined as a measure of FPI-6 and CA diagnostic accuracy. Intra-rater
reliability, sensitivity, specificity, predictive values, and likelihood ratios of FPI-6 and CA
were calculated and compared. The post-test probability of flatfoot was determined using the
Fagan nomogram.

Results: CA had a substantially higher intra-rater reliability (ICC=0.99) than the FPI-6
(ICC=0.96), with p-value of 0.001. CA has greater sensitivity (98%) than FPI-6, as well as
a superior specificity (99%), positive predictive value (98%), negative predictive value (98.9%),
positive likelihood ratio (97), and a lower negative likelihood ratio (0.02). CA had such an area
under ROC curve of 0.98 with a 95% confidence interval of 0.95-1.00, while FPI-6 had an area
under ROC curve of 0.80 with a 95% confidence interval of (0.77-0.85).

Conclusion: FPI-6 and Clarke’s angle are both valid and diagnostically accurate clinical
tests for flatfoot detection, with Clarke’s angle outperforming FPI-6 in adolescents aged 12 to
18 years with a normal BMI.

Keywords: flatfoot, adolescents, Clarke’s angle, foot posture index-6, validity, diagnostic
accuracy

Background
The most prevalent foot deformity in children and teenagers is flexible flatfoot. It is
distinguished by the collapse of the medial longitudinal arch (MLA) in the weight-

bearing position, which recovers to normal in the non-weight-bearing position.'
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There is a considerable debate as to which assessment
measures are to be best included in flatfoot evaluation.>”

It is commonly acknowledged that foot posture differs
during the period of growth and musculoskeletal matura-
tion, much like foot posture in children differs from the
one in adolescence and in adulthood.*” There is an appre-
ciable scarcity of the available literature published studies
about foot posture in adolescence; however, adolescence is
an important phase of one’s life, marked by a various
diversity of developmental, physiological, and anatomical
adaptations.® Abnormal foot posture in adolescence was
found to be positively correlated with the development of
a variety of functional problems, lower extremity muscu-
loskeletal injuries,®® abnormal posture, or even a fully-
fledged disability later in adulthood.’™"!

Hence, studying the morphological and musculoskele-
tal changes in the foot, while making use of using valid,
pertinent, reliable, and non-invasive clinical assessment
tools throughout childhood and adolescence, is crucial
for clinicians and researchers, in terms of understanding
the atypical developmental trajectory of the foot through-
out its successive variable stages of growth and
development.'? The resultant body of this expertise knowl-
edge would be expected to effectively support accurate
diagnosis, proper decision-making, accurate intervention
and subsequent therapeutic management.

Numerous measures are employed to diagnose flatfoot
based on MLA height."*'? Clinical assessment tools (FPI-
6, measurement of navicular height, anthropometric mea-

1,14-17

surements, and visual observation), radiological

assessment,'® ultrasonography, photographic techniques,
and footprint analysis,'**'*°
flatfoot based on MLA height.

Despite the fact that X-ray assessment is considered as

are all utilized to diagnose

the reference standard measure in the examination of static
foot posture,’ its radiation exposure has significant draw-
backs, particularly in the pediatric population. Moreover,
the financial costs, as well as the need for professional
staff to interpret radiographic findings, make it difficult to
be used easily in clinical settings. Furthermore, under
certain conditions such as screening a huge population in
epidemiological studies, radiographic assessment of flat-
foot may be irrelevant.>?!' In such cases, valid, safe, and
noninvasive clinical assessment tools should be beneficial.

Footprint analysis and FPI-6 are the most widely used
clinical methods for assessment of static foot posture,' '
however, disagreement persists over whether footprint
analysis can evaluate foot posture. Some studies even

doubt whether a footprint can accurately represent
MLA,22’23 however, several investigations have shown
that footprint indices correlate with radiographic measures.

Kanatli et al**

reported that footprint analysis is as accu-
rate as radiologic measurements, Villarroya et al*> found
a significant correlation between CA and Chippaux-
Smirak index (CSI) methods and radiography-based
talus—first metatarsal (TIMA) and calcaneal inclination
angles.

CA is the most commonly used footprint parameter in
clinical settings as it is a reliable tool and easy to be
measured.'>® CA had been validated for assessing flatfoot
in adults (>40 years old)*® and in preschool children aged
3-6 years.'” However, these results cannot be generalized for
children and adolescents because of the age-related changes
in Paediatric foot with growth and musculoskeletal
maturation.’

The systematic review proposed by Banwell et al' did not
include CA as a valid measure for evaluation of paediatric
flatfoot, the authors based their decision upon five studies
[Nikolaiduou and Boudolos;?’ Villarroya et al:*® Chenetal;'®
Pauk et al;26

these five studies had investigated validity of CA in pre-

Pauk and Szymul]*® Only one study'® out of

school children. While, the remaining four studies either
investigated the reliability of CA,?® the association between
foot structure and BML?° the difference between flatfeet and
normal feet for foot type classification rational using foot-

: 2
print measures !

or compared vertical ground reaction force
data between flat and neutrally aligned feet.”® Therefore, we
cannot consider that CA is not a valid measure for pediatric
flatfoot based upon the results of this systematic review,’
because of the paucity of the available literature about the
psychometric properties (reliability and validity) of the stu-
died clinical assessment measures to classify foot posture in
paediatric population as concluded by the authors of this
systematic review.'

The FPI-6 is an observational scoring system consider-
ing the three-dimensional nature of foot posture,>’ with
good reliability in adults®®*' and children.>' >* FPI-6 has
been validated in adults®* and Paediatric population.'*

Gijon-Nogueron et al, in 2019*° had concluded that
compared with FPI-6, CA overestimates and misguides
paediatric foot posture, while other researchers found CA
to be a practical, reliable, and sensitive measure. !>20:3637
However, the diversity of the methodologies used and the
circumstances for each study makes comparisons between
the results of these previous studies difficult, leading to an
ongoing debate among researchers and clinicians. This
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was highlighted as a limiting factor in the previous sys-
tematic studies.'=-%°

One way to settle this debate about diagnostic accuracy
of FPI-6 and CA in adolescents, through investigating
validity and diagnostic accuracy of FPI-6 and CA against
one criterion standard measure under the same circum-
stances on the same sample of the population. Therefore,
this study aimed to investigate and compare the validity
and diagnostic accuracy of CA and FPI-6 against radio-
graphic findings as a criterion standard measure to deter-
mine flexible flatfoot in adolescents aged 12-18 years.
Based upon the aforementioned information and the pre-

135 the main hypothesis of this study was

vious studies,
that FPI-6 is more valid and diagnostically accurate in

determining flatfoot in adolescents.

Methods
Study Design

A cross-sectional study design had been followed.

Participants

A convenient sample of 460 participants (920 feet) aged
12—-18 years (mean age + standard deviation (SD) of 15.23
+0.84 years) was recruited from the outpatient orthopedic
clinic, Ministry of Health Hospital, Sharjah, UAE from
September 2019 to May 2020.

Based on a clinical evaluation by an orthopedic sur-
geon who specializes in the foot and ankle, participants
were diagnosed with bilateral flexible flatfoot. Physical
examination, as reported by Gould''*® was used to diag-
nose and classify Flexible pes planus. The patient’s arch
height and hindfoot valgus were evaluated with his/her
back to the physician and then again from standing on
toes. The examination was mainly conducted while stand-
ing. If arch height and hindfoot valgus could be corrected
while standing on one’s toes, the flatfoot was termed
flexible (Great toe extension test). Those who could not
recover their arch when standing on their toes were labeled
as rigid pes planus and were barred to participate in this
investigation.

The participants’ recruitment process is shown in
Figure 1. The inclusion criteria were as follows: (1) bilat-
eral flexible flatfeet; (2) normal gait pattern without any
mobility aids; (3) normal BMI. The participants were
excluded if they had: history of neurological disorders
(eg, cerebral palsy), neuromuscular diseases, genetic con-
ditions or syndromes affecting gait or posture (eg, Down’s

Prospective participants
(n=600)

Refused to participate
(n=100)

Clinical examination

(n=500)

Did not meet inclusion

criteria (n=40)

e

Eligible participants with
bilateral flexible flatfeet

(n=460) [920 feet]

Enrolled in the study

Figure | Enrollment flow chart of the study participants.

syndrome), congenital abnormalities of the foot (eg, tarsal
coalition, vertical talus), structural lower extremity defor-
mities, foot shape or size asymmetry between right and left
sides, Joint rheumatic pathology, history of foot or ankle
fractures or major trauma affecting ankle joint stability,
history of major surgeries in the lower limbs, peripheral
vascular disorders.

This study was carried out according to Declaration of
Helsinki. The study was approved by the Human Research
Ethics Committee of Ministry of health and prevention,
UAE. The objectives and procedures of the study were
explained in detail for the participants and their legal
guardians before starting the study. Regarding the partici-
pants under 16 years old, signed written informed consent
forms were obtained from the participants themselves
(children’s consent assent) and by their legal guardians
(parental consent forms) prior to the commencement of
the study protocol; signed informed consent forms were
collected from the participants aged over 16 years old.
This study was the STROBE
checklist.*!

reported following
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Measurement

Demographic Data

Every participant was assigned an identification (ID) num-
ber. Each participant provided his/her age (year), gender,
height (cm), weight (kg), and BMI (Table 1). A calibrated
altimeter was used to determine the height (SECA 217
stadiometer, SECA, Hamburg Deutschland). Weight was
measured using calibrated digital scales (Pegasus, Salter
Brecknell DCSB, Avery Weigh-Tronix, Fairmont, USA)
with subjects standing in bare feet and wearing just the
essential necessities. The standard Quetelet index (body
weight divided by height squared; kg/m2) was used to
compute BMI.

Among the factors affecting foot posture, BMI has still
deemed the most controversial one in the available litera-
ture with some studies supporting its association with
42,43 this

relationship. BMI was considered a confounding variable

pronated feet, while, others are refuting
in the current study because soft tissue morphology is
influenced by excessive weight (in overweight and obese
subjects).** Therefore, the obtained results of static foot
posture assessment using either FPI-6 or any footprint
indices will be absolutely affected. Furthermore, it has
been reported that excessive BMI is associated with exces-
sive abnormal loading of the planter zones of the adoles-
cent foot, which may consequently lead to development of
musculoskeletal disorders and serious postural abnormal-
ities later in life.**** So, only participants with normal
BMI were admitted, as a strategy to tightly control the
confounders.*>*® BMI-based classification system for
childhood obesity proposed by the International Obesity

Task Force (IOTF) was followed in this study.

Clinical Measurements of Static Foot Posture
Clinical assessments were carried out by an impartial
examiner who was not aware of the participants’ identities

Table | Demographic Characteristics of the Participants
(n=460)

Characteristics Participants (12-18 Years)

Age (y) 15.23 (0.84)

Height (M) 1.65 (0.07)

Weight (Kg) 4922 (4.02)

BMI (Kg/m?) 17.75 (0.76)

Male 300 (49%)

Female 312 (51%)

Note: Continuous data are presented as mean (standard deviation) while catego-
rical data are presented as number (%).
Abbreviations: Y, year; M, Meter; Kg, Kilogram.

or the study objectives. The examiner was an experienced
physiotherapist with vast experience in evaluating static
foot posture using FPI-6 and footprint measures such as
CA. Before taking the measurement, the examiner went
through a four-hour training session on how to use the
FPI-6 and CA to evaluate static foot posture. Two research
assistants [physiotherapy practitioners] were in charge of
arranging clinical measurements for participants and orga-
nizing the measures processes.

For the measurement of CA, a static footprint was
obtained. Each participant was asked to step onto a felt
pad impregnated with a water-soluble ink with both feet
and press firmly over the ink pad; then, the participant was
asked to step forward placing his right foot onto a graph
sheet with the participant’s ID number, then his/her left foot
is placed onto the graph sheet. The participant was asked to
stand stable in a relaxed bipedal stance position with equal
weight on both feet and looking forward for two seconds,
and then step forward to clear the graph sheet.

If the footprint was not clear because of the inadequate
amount of ink, the footprint was discarded and the proce-
dure was repeated to obtain a good footprint. A transparent
adhesive material was then placed over each foot print to
keep it intact and the footprint sheets were collected in the
footprint collection box.

CA was calculated using a marker pen, ruler and pro-
tractor marked at one degree interval. CA was obtained by
calculating the angle between the medial tangential line (AB
line in Figure 2) that connects the medial edges of the first
metatarsal head and the heel, and the second line (AC line in
Figure 2) that connects the first metatarsal head and the acme
of the MLA concavity.'>'®'®%* Clarke’s angle is considered
as “normal” (CA 42°-54°), “mild flat foot” (CA 35°-41°),
“moderate flatfoot” (CA 30°-34.9°), “severe flat foot” (CA <
30°) and “high arched foot” (CA > 54°).%!547

The scoring system, methodology, reference values,

and assessment technique given by Redmond for FPI-6*

Clarke's angle

Figure 2 Clarke’s angle.
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were used in this investigation. Each participant was
instructed to stand in a comfortable stance with double
limb support (same weight on both feet), arms by side, and
eyes straight ahead. The participant was asked not to twist
in an attempt to watch the evaluator, since this would
impair foot posture and result in a fake scoring of FPI-
6.%' To eliminate rater bias, static foot posture was eval-
uvated using FPI-6 the next day following footprint
collection.

Foot posture was quantified utilizing FPI-6 criteria. This
type of evaluation has six anatomical criteria, which are each
graded from O (neutral) to +1 or +2 (pronated) and 1 or 2
(supinated): (1) Talar head palpation, in which the talus head
is palpated in the front of the ankle in medial and lateral

(2)

aspects; (2) Supra and infra lateral malleolar curvature,
which is seen at the back of the ankle region (3) Calcaneal
frontal plane position, where the orientation of the calcaneal
tendon on the supporting surface is used as a reference. (4)
Talonavicular joint bulging (5) Medial longitudinal arch
height and congruence (6) Forefoot abduction or
adduction®”*® as shown in Figure 3.

A total score of 0 to +5 is defined as normal, +6 to +9 as
pronated, +10 to +12 as strongly pronated, —1 to —4 as
supinated, and —5 to —12 as strongly supinated foot. The
ultimate score is a number between —12 and +12 (highly
supinated and highly pronated, respectively). Inter-rater relia-
bility had already been studied and confirmed for CA* and

FPI-6.**! To explore intra-rater reliability, all CA and FPI-6

(3)

(4)

Figure 3 Six items of the foot posture index-6 (FPI-6).
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measurements were replicated by the same examiner one
week apart.

Radiographic Measurements
Radiographic assessment is an extremely reliable criterion
standard measure for the evaluation of foot alignment in
the position of static weight bearings.>*°

The feet of the participants were radiographed from
a comfortable weight-bearing standing position with equal
weight on both feet. The participant stood on a wooden
platform, knees extended and heels and toes at the same
level. The X-ray film pack was positioned between the feet
vertically. The X-ray tube was parallel to the ground, with
the central beam focused at the midfoot. The distance
between the tube and the film was 105 cm, and the
X-ray was set to 2.8 mA at 45 kV.

Participants’ lateral weight-bearing radiographs were
Philips
Healthcare, Guildford, UK), radiographic measurements

seen on the Easy Vision viewer (Philips
were performed with the Philips Easy Viewer software
tools. The films were anonymized by eliminating any
identifying information from them. There are several
angular radiographic measures used for diagnosing flatfoot
such as TIMA, Calcaneal Pitch angle (CP), Lateral
Talocalcaneal angle (LTC).”' TIMA was chosen to repre-
sent static foot posture based upon its reliability, ease of
measurement, and degree of resemblance to static foot
posture.’*>®> Measurement of TIMA was performed by
an experienced radiologist who was not aware of the
study purposes.

TIMA is the angle formed by the talus and the first
metatarsal bone’s longitudinal axes. The midline axis of
the talus bone aligns with the midline axis of the first

metatarsal bone in the normal foot; however, in the

Figure 4 Normal talus first metatarsal angle (axis of talus coincides with axis of
first metatarsal bone).

pronated foot, the axis of the talus bone does not coincide
with the midline axis of the first metatarsal bone
(Figure 4). Normally, TIMA ranges from -4° to +4°;
TIMA greater than +4° (convex upward) suggests pes
cavus; TIMA less than 4° (convex downward) confirms
flatfoot.>

Statistical Analysis

The continuous data were presented as mean (standard
deviation [SD]), while the categorical data were presented
as an absolute value (n) and percentage (%).

To test the validity of CA and FPI-6 in detecting flat-
foot, each participant’s left and right feet were treated
separately [920 feet]. Using the Intraclass correlation coef-
ficients (ICC) model (3,1), the intra-rater reliability of FPI-
6 and CA was investigated. Because BMI was designated
a confounding variable in this trial, only those with
a normal BMI were accepted to the trial protocol, as an
attempt to keep any potentially confounding variables
under tight control.*®

The sensitivity and specificity for each measure were
computed, and the data were shown on a receiver operat-
ing characteristic (ROC) curve to examine the validity of
CA and FPI-6 using TIMA as a criterion-standard mea-
sure. The area under the ROC curve (AUC) was computed
as a performance indicator for the test.

The ROC curve is a widely used tool for evaluating
the diagnostic accuracy of tests, and it fits very well
with continuous data. The results from the FPI-6 and
CA were displayed in XY directions, with the X-axis
representing the false-positive rate (1 specificity) and the
rate (TPR,
sensitivity).”” The AUC value ranges from 0.5 to 1,

Y-axis representing the true positive
with high accuracy (AUC >0.9), moderate accuracy
(AUC = 0.7-0.9), poor accuracy (AUC = 0.5-0.7), and
a result of chance (AUC 0.5).%°

The likelihood ratios (LRs) and positive and negative
predictive values (PV+, PV) were determined. The Fagan
nomogram was utilized to evaluate the post-test probabil-
ity of flatfoot using FPI-6 and CA.

The sample size was computed with a confidence level of
95% [at 5% type 1 error (p 0.05)], a power level of 80%, and
precision of 5%. The current study required a minimum sample
size 0f 400 individuals. A total of 460 people were recruited for
the study, with a dropout rate of 10% to 15% expected. All
statistical analyses were carried out with IBM SPSS statistics
for Windows, version 23. (Armonk, NY: IBM Corp). The
statistical significance level was selected at P < 0.05.
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Table 2 Descriptive Statistics for the Studied Clinical and
Radiographic Measures (n=920 Feet)

Table 4 Cross-Tabulation for the Studied Clinical Measures
Against TIMA (n= 920 Feet)

Parameters FPI-6 CA (O TIMA(®) TIMA Total
n=920 n=920 n=920
P N
Mean 9.55 36.71 —7.09
CA P 271 (29.45%) 7 (0.76%) 350 (28.60%)
SD 0.74 3.20 4.03
N 5 (0.54%) 637 (69.24%) 874 (71.40%)
Minimum 6.0 10.0 —19.0
Maximum 10.0 42.0 4.0 Total 276 (30%) 644 (70%) 920 (100%)
Abbreviations: FPI-6, foot posture index-6; CA, Clarke’s angle; TIMA, talus first FPI-6 P 232 (52.22%) 128 (13.91%) 459 (37.5%)
metatarsal angle; SD, standard deviation; °, degree. 44 (4.78%) 516 (56.86%) 765 (62.5%)
Total 276 (30%) 644 (70%) 920 (100%)

Results

In this study, there were no missing data. Table 2 shows
descriptive statistics for the clinical and radiological mea-
sures that were investigated. As indicated in Table 3, FPI-6
had a great intra-rater reliability [ICC= 0.96] with a 95%
confidence interval (95% CI) of 0.95-0.98, whereas CA
had a greater intra-rater reliability [ICC= 0.99; 95% CI
(0.997-0.998)] with P< 0.001 (3).

The sensitivity of FPI-6 and CA was 84% and 98%,
respectively, whereas the specificity of FPI-6 and CA was
80% and 97%, respectively (Table 3). Cross-tabulation of
FPI-6 and CA against TIMA is displayed in Table 4. ROC

Table 3 Statistical Parameters for the Studied Clinical Measures

Parameters FPI-6 CA
n =920 n =920
ICC (95% Cl) 0.963 0.997

(0.952-0.983) (0.996-0.998)

Sensitivity 84% 98%
Specificity 80% 99%

AUC (95% Cl) 0.80 0.98

(0.77-0.85) (0.95-1.00)

PV+ 64% 98%

PV— 92% 98.9%

LR+ 4.21 97

LR- 0.20 0.02
Pretest probability 30% 30%

Posttest probability (LR+) 64% [59-66%] 98% [94-99%]

[95% Cl]

Posttest probability (LR-)
[95% CI]

8% [3-9%] 1% [0-2%]

Abbreviations: FPI-6, foot posture index-6; CA, Clarke’s angle; ICC, Intraclass
correlation coefficient; 95% Cl, 95% confidence interval; AUC, area under the ROC
curve; PV+, positive predictive value; PV—, negative predictive value; LR+, positive
likelihood ratio; LR-, negative likelihood ratio.

Note: Data are presented as absolute numbers (%).
Abbreviations: TIMA, talus first metatarsal angle; CA, Clarke’s angle; FPI-6, Foot
posture index-6; P, positive result (flatfoot); N, negative result (normal).

curves for the clinical measures are shown in Figure 5 and
the AUC was 0.98 with 95% CI of (0.95-1.00) for CA;
and 0.81 with 95% CI of (0.77-0.85) for FPI-6 (Table 3).

The PV+ values for CA and FPI-6 were 98% and 64%,
respectively, and the PV— values for CA and FPI-6 were
98.9% and 92%, respectively (Table 3). Likelihood ratios
(LRs) were computed and the post-test probabilities were
displayed on Fagan nomogram. LR+ values for CA and
FPI-6 were 97 and 4.21, respectively, and the LR— values
for CA and FPI-6 were 0.02, and 0.20, respectively.

The pre-test probability was determined to be 30% in
the current study. LR+ showed a post-test probability of
98% for CA and 64% for FPI-6, while LR— provided
a post-test probability of 1% for CA and 8% for FPI-6
(Table 3) as plotted on Fagan nomogram (Figure 6).

Discussion

This study aimed to investigate and compare validity and
diagnostic accuracy of FPI-6 and CA in identifying flex-
ible flatfoot in adolescents aged 12—-18 years utilizing
radiographic findings as a reference standard measure.

Reliability of FPI-6 and CA

Inter-rater reliability had already been investigated and
reported for CA*’ and FPI-6,>*3! thus this study did not
examine it. FPI-6 demonstrated outstanding intra-rater
reliability (ICC= 0.96, 95% CI) according to the findings
of the current investigation (0.95-0.98). This contradicted
the findings of a prior study,* which indicated moderate
FPI test-retest reliability (ICC = 0.61). This disparity could
be explained by the study’s use of an older version of FPI
(FPI-8) against the current study’s use of the modified
version of FPI (FPI-6). Furthermore, their sample size
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Figure 5 ROC curve for FPI-6 and Clark’s angle.

(n=95), inclusion criteria, and participants’ ages (6294
years) were not the same as those in the current study.
Furthermore, the BMI was not controlled in this study
because the mean BMI in their group was 26.8kg/m2,
to WHO
criteria.>* As a result, because soft tissue morphology is
thought to be influenced by BMI, this could impact the
outcomes of FPI-based foot posture examination espe-

which is deemed overweight according

cially in subjects with higher BMI (overweight or obese).

Evans et al’® evaluated the inter-rater and intra-rater
reliability of FPI-6 in adolescents aged 7-15 years and
found high intra-rater reliability of FPI-6 (ICC > 0.92).

The intra-rater reliability of Clarke’s angle (CA) was
excellent [ICC= 0.99; 95% CI of 0.997-0.998]. These
findings are in line with prior research;*®>*7 which
found that CA had high intra-rater reliability (ICC >
0.9). Based upon the current study findings, both CA and
FPI-6 exhibit great intra-rater reliability.

Sensitivity and Specificity of FPI-6 and CA
CA is more sensitive (98%) and specific (99%) than FPI-6,
according to the findings of this investigation. This could
be due to the fact that FPI-6 is an observational scoring
system with some subjectivity, which could lead to

measurement inaccuracies. To the authors’ knowledge,
this is the first study to evaluate and compare the validity
and diagnostic accuracy of CA and FPI-6 against the same
criterion standard measure in the same population sample
under the same research circumstances.

Pita-Fernandez et al*® evaluated the validity of three
footprint measures (CA, Chippaux-Smirak index, and
Staheli index) for diagnosing flat foot in senior persons
aged 40 to 64 years. They found that CA had a higher
sensitivity (83.71%) and specificity (90.7%) than the other
studied measures. Furthermore, a cross-sectional study
published recently’® evaluated the validity of CA and
arch index (Al) in identifying flatfoot in children aged 3—
10 years. They reported that CA had a high sensitivity
(90%) and specificity (90%). They did not, however,
include FPI-6 in their investigation, and their sample size
was quite small (n=84) in comparison to with the current
investigation.

ROC Curve for FPI-6 and CA

The ROC curve is a widely used method for assessing the
diagnostic accuracy of tests by measuring the area under
the ROC curve (AUC).">?° CA demonstrated a higher
AUC value (0.98) with 95% CI (0.95-1.00) than FPI-6
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Figure 6 Fagan nomogram for CA (on the left side) and FPI-6 (right side) in adolescents aged 12—18 years.

[AUC= 0.81; 95% CI (0.77-0.85)], indicating a higher
diagnostic accuracy of CA than FPI-6.

Pita-Fernandez et al?® found that CA had the highest
diagnostic accuracy (AUC = 0.93) in adults over the age of
40 years. Similarly, Hameed et al*® demonstrated highest
diagnostic accuracy of CA (AUC=0.95) in children aged 3—
10 years diagnosed with flatfeet. Chen et al,'> on the other
hand, reported moderate diagnostic accuracy of CA (AUC=
0.90) in healthy preschool children aged 3—6 years. However,
comparing results to those of the current study is problematic
due to differences in sample characteristics (age, sample
size), as flatfeet is the typical foot posture at this age (3—6
years) due to immature osseous structures, ligamentous lax-
ity, and high adipose tissue thickness.'> Furthermore, the
methodology followed was different as they did not include
FPI-6 in the studied clinical measures and they used clinical

diagnosis as a criterion standard measure. In contrast, the
current study used radiographic measure as a criterion stan-
dard measure which is more objective than clinical diagnosis.

Predictive Values for FPI-6 and CA

Once the test findings are known, predictive values (PVS)
show the patient’s chances of having or not having
a condition. PVS are divided into two categories: positive
(PV+) and negative (PV). PVs are identified as an efficient
indicator of diagnostic accuracy.’®

CA had a higher PV+ (98%) than FPI-6 (64%) and
a higher PV (98.9%) than FPI-6 (92%) in the current investi-
gation, showing that CA has a higher accuracy in diagnosis of
flatfoot than FPI-6. In other words, a person who receives
a positive result (abnormal CA) during a static foot posture
evaluation with CA has a probability of 98% of having
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abnormal static foot posture (flat foot). An individual with
a negative result (normal CA) has a 98.9% chance of having
normal static foot posture.

In healthy preschool children aged 3-6 years, Chen et al'®
reported that PV+ and PV— for CA were 84% and 82%,
respectively, in healthy preschool children aged 3—6 years.
These results are inconsistent with our results that might be
attributed to the differences in the sample characteristics such
as young age (3—6 years old), larger sample size than the
current study (1319 participants), and unclear inclusion cri-
teria for the participants (preschool children), which makes it
difficult to compare with the current study results.

Likelihood Ratios for FPI-6 and CA

For a more in-depth look at diagnostic accuracy, likelihood
ratios (LRs) for CA and FPI-6 were determined. LRs are
a measure of a test’s efficiency and diagnostic accuracy
since they combine the sensitivity and specificity of the
test to estimate the disease probability.’® LR+ (97) was
substantially greater in CA than in FPI-6 (4.21). This
suggests that someone with abnormal foot posture is 97
considerably more probable than someone with normal
static foot posture to get a positive CA test result. In
addition, CA had a lower LR (0.02) than FPI-6 (0.20).
CA has higher diagnostic accuracy than FPI-6, according
to the results of the sample.

The expected probability of the disease before obtaining
the test result is defined as the pre-test probability (prior
probability). In the current investigation, the pre-test prob-
ability was determined to be 30%. The patient’s probability
of having the disease after the test findings are obtained is
defined as the post-test probability (posterior probability).
The post-test probability fluctuates as LRs are varied.>’

The Fagan nomogram was used to estimate the probabil-
ity of flatfoot based on the LRs in this investigation. The pre-
test probability of flatfoot was 30% in the present study. LR+
yielded a post-test probability of 98% for CA and 64% for
FPI-6, whereas LR— led in a post-test probability of 1% for
CA and 8% for FPI-6. Based upon the current investigation,
CA has a superior diagnostic accuracy than FPI-6 in identify-
ing flatfoot in adolescents aged 12 to 18 with normal BMI.

Clinical Significance

Flatfoot is linked to the development of a variety of muscu-
loskeletal problems. Finding the best reliable and valid
clinical assessment measure of static foot position is there-
fore beneficial for both clinicians and researchers, as it
refines and enriches clinical practice. This study provides

evidence for the validity, predictive capacity, and diagnostic
accuracy of the CA and FPI-6 in teenagers. This evidence
will increase physicians’ confidence in the diagnosis and
identification of static foot posture disorder without such
additional radiographic examination and ionizing radiation
exposure. As a result, there will be a beneficial impact on
refining and enhancing the evidence-based clinical practice.

Furthermore, after evaluating the validity of CA
against FPI-6 in the same sample against the same criter-
ion standard measure, the current study provides scientific
proof to settle the ongoing argument concerning its valid-
ity and diagnostic accuracy.

Strength Points

e This is the first study to investigate and compare the
validity and diagnostic accuracy of FPI-6 and Clark’s
angle against one criterion standard measure (radio-
graphic findings) in the same sample under the same
circumstances.

e Targeting foot posture in adolescents helps research-
ers and clinicians to understand and track the devel-
opmental trajectory of the foot through this stage of
life, as foot posture changes with growth and devel-
opmental maturation from childhood through adoles-
cence to adulthood.

e Investigating validity and diagnostic accuracy of FPI-
6 and CA as commonly used clinical assessment
measures of foot posture, supports evidence-based
practice as this knowledge facilitates the proper diag-
nosis of flatfoot in adolescents based upon choosing
the most valid and accurate clinical measure leading
to proper decision making regarding intervention.

e The present study focused on narrow age range (ado-
lescents aged 12—18 years) which improves the exter-
nal validity of the results obtained compared with the
majority of the previous studies that studied a wider
age range of the participants.

Limitations

The convenience sampling used in this study limits the
generalizability of the findings. Furthermore, because the
current study only addressed the validity and diagnostic
accuracy of CA and FPI-6 in adolescents with a normal
BMI, more research is needed to investigate the validity
and diagnostic accuracy of these clinical measures in
diverse groups with varying BMI values (underweight,
overweight, obese).
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Conclusion

CA and FPI-6 are both valid and diagnostically accurate
clinical tools for identifying flexible flatfoot with a superior
performance of CA in adolescents aged 12 to 18 years with
a normal BMI. Based upon the present study, CA can be
utilized as a screening method for flatfoot in adolescents
with normal BMI.
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