
INTRODUCTION

Foot types differ according to foot shape and foot arch 

height. Flatfoot and cavus foot are common but complex 
foot deformities. The flatfoot deformity is characterized 
by a combination of a collapse of the medial longitudinal 
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Objective  To see how people think about their own feet, and evaluate whether there are correlations among self-
awareness of the participants and clinical examination findings.
Methods  Adult twins and their families who participated in the Healthy Twin study from May 2008 to April 2010 
were recruited. Participants were asked whether they thought their feet were normal, flat, or cavus. The lateral 
talometatarsal angles were measured on foot X-rays to determine the foot arch height. Using the podoscopic 
footprints taken with the podobaroscope, the Staheli arch index was also measured. Kappa statistics were used to 
calculate degree of agreement among the three measurement methods.
Results  Self-awareness and radiographic findings were significantly different (Pearson chi-square test, p=0.000) 
and only slightly agreed (kappa measure of agreement=0.136, p=0.000). Self-awareness and podoscopy results 
revealed a significant difference (Pearson chi-square test, p=0.000), with only slight agreement (kappa measure of 
agreement=0.072, p=0.000).
Conclusion  There is significant disagreement between patients’ perception of their feet and actual test results. 
Many people may have an incorrect assumption about their own foot conditions that may be reflected in improper 
management. Dissemination of accurate information about foot disorders by foot clinicians would be helpful.
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arch, foot abduction at the talonavicular joint, and hind-
foot valgus [1,2]. The cavus foot deformity is the opposite. 
Either deformity may be a predisposing factor for injuries 
in the lower extremity [3-5]. 

In Korea, the concept of foot deformity is especially 
well-known in the general population, especially flatfoot. 
Much of the recognition is because flatfoot is an impor-
tant physical examination feature for military qualifica-
tion in South Korea. The qualification examination for 
the Korean military includes plantar measurement, since 
flatfoot may result in various podiatric symptoms or 
functional impairment in soldiers who are already prone 
to pain or injuries in lower extremities due to excessive 
marching or weight-bearing activities. 

While the concept of this disorder is widely familiar, the 
diagnosis of this condition is controversial. The reported 
prevalence of flatfoot varies and ranges from approxi-
mately 0.6%–77.9% [6]. One study reported prevalence of 
19.0% [7] and another reported a prevalence of 23% in-
cluding asymptomatic flatfoot [8]. The marked variation 
in prevalence rates may be related to ethnic or behavioral 
differences among study populations and different diag-
nostic criteria.

Diagnosis of flatfoot can be made by physical examina-
tion, radiographic assessment, and footprint analysis. 
Correlations between these diagnostic tools have been 
described [9-17]. Despite the numerous studies concern-
ing the clinical relevance of the different diagnostic tools, 
no study has addressed patients’ self-awareness of their 
feet or the correlation of the self-perception with objec-
tive clinical findings.

This study prospectively collected data of participants’ 
self-awareness about their foot shape, as well as radio-
graphic findings and podoscopic findings. The aim was 
to clarify how people perceive their foot conditions and 
evaluate whether there are correlations with clinical find-
ings. 

MATERIALS AND METHODS

Subjects
Adult twins and their families who participated in the 

Healthy Twin study from May 2008 to April 2010 were re-
cruited. Participants received full medical examinations 
and completed detailed questionnaires about lifestyle 
and epidemiologic information. Details on the study de-

sign and protocols have been previously published [18]. 
Physical examinations by a well-trained physical thera-
pist and radiographic measurements of feet were done at 
the Samsung Medical Center. All participants provided 
written informed consent. The study protocol was ap-
proved by the Institutional Review Board (IRB No. SMC 
2005-08-113) at Board at Samsung Medical Center and 
Seoul National University of Public Health. 

Questionnaires
Self-awareness about foot deformities, shoe type, shoe 

wearing habit, pain, transportation, and etiologic factors 
were questioned. If participants suffered foot pain, they 
were queried on the location of pain (forefoot, midfoot, 
and hindfoot) and the severity of pain according to a nu-
meric pain rating scale (NRS). To evaluate self-awareness 
about foot deformities, participants were asked whether 
they thought their feet were normal, flat, or cavus. 

Radiographic assessment
The assessment included lateral and anteroposterior 

weight-bearing views of the foot. Lateral weight-bearing 
views were used. The lateral talometatarsal angle (angle 
between the talar axis and the axis of the first metatarsal) 
was measured as previously described [16] (Fig. 1). The 
talometatarsal angle is considered an accurate radio-
graphic identifier of patients with symptomatic, adult 
flatfoot [14,15,19]. This angle is used as a diagnostic tool 
for flatfoot in Korean military qualification examinations. 
The normal accepted range of this measurement is -4o to 
4o [16,19]. Patients with angles above 4o were considered 
to have pes planus, and those with angles below -4o were 

Fig. 1. Measurement of the talometatarsal angle.
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considered to have pes cavus. 

Podoscopic assessment
Podoscopic footprints were taken with the participant 

standing in a weight-bearing stance on the podobaro-
scope (Guy Capron, Paris, France). The Staheli arch index 
was measured. This index is the ratio between the wid-
est region of the midfoot and the heel [20] (Fig. 2). Based 

on the Staheli arch index, participants were categorized 
on a scale from 1 to 5: 1=flat (>1.2); 2=low arch (0.9–1.2); 
3=normal (0.5–0.9); 4=high arch (0.2–0.5); and 5=cavus 
(<0.2) [21].

Statistical analyses
Kappa statistics were used to calculate degree of agree-

ment among the three measurement methods. The level 
of significance was set at 0.05. Analyses were executed 
using SAS ver. 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

A total of 1,277 individuals participated in this study. 
They comprised 500 males and 777 females. The mean 
age was 44.0 years. Of the 1,277 individuals, 488 individu-
als showing discordance in radiographic or podoscopic 
findings were excluded. The remaining 789 participants 
comprised 320 males and 469 females, with a mean age 
of 43.90 years. Of the 789, 712 (90.24%) perceived their 
feet as normal, 69 (8.75%) regarded their feet as flat, and 
8 (1.01%) perceived their feet as cavus. According to the 
talometatarsal angle, 467 (59.19%) were diagnosed as 
normal, 174 (22.05%) as flatfeet, and 148 (18.76%) as ca-
vus feet. Podoscope examination diagnosed 430 (54.50%) 
as normal, 54 (6.84%) as flatfeet, and 305 (38.66%) as 

Table 1. General characteristics of study participants with symmetric radiographic and podoscopic results (n=789)

Characteristic Total (n=789) Male (n=320) Female (n=469)
Age (yr) 43.90±13.67 44.21±14.68 43.68±12.95

Height (cm) 162.62±8.84 170.51±6.52 157.23±5.56

Body weight (kg) 63.30±11.93 71.69±11.28 57.57±8.48

BMI (kg/m2) 23.83±3.31 24.58±3.07 23.31±3.37

Self-awareness

   Normal 712 (90.24) 294 (91.88) 418 (89.13)

   Flat foot 69 (8.75) 25 (7.81) 44 (9.38)

   Cavus foot 8 (1.01) 1 (0.31) 7 (1.49)

Talometatarsal angle

   Normal 467 (59.19) 262 (77.29) 276 (58.85)

   Flat foot 174 (22.05) 34 (10.03) 120 (25.59)

   Cavus foot 148 (18.76) 43 (12.68) 73 (15.57)

Podoscopy

   Normal 430 (54.50) 188 (58.75) 242 (51.60)

   Flat foot 54 (6.84) 21 (6.56) 33 (7.04)

   Cavus foot 305 (38.66) 111 (34.69) 194 (41.36)

Values are presented as mean±standard deviation or number (%).

Plantar arch index=A/B

Midpoint

Heel tangency

A

B

Fig. 2. Measurement of the Staheli arch index.
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cavus feet. General characteristics of the participants are 
provided in Table 1. 

Differences between participants’ self-awareness about 
their feet and the clinical diagnosis based on talometa-
tarsal angle measurements were compared (Table 2). 
Of the 69 participants who thought their feet were flat, 
41 (59.42%) were actually diagnosed as flatfeet, and 19 
(27.54%) were normal according to radiographic find-
ings. Of the 174 participants diagnosed as flatfeet by 
radiologic findings, only 41 (23.56%) thought their feet 
were flat, with 132 (75.86%) perceiving their feet to be 
normal. Of the 8 participants who thought their feet were 
cavus, 2 (25.00%) were actually diagnosed as cavus feet 
and 5 (62.50%) showed normal talometatarsal angles. Of 
the 148 participants diagnosed as cavus feet according to 
their talometatarsal angle, 137 (92.57%) perceived their 

feet as normal and only 2 (1.35%) regarded their feet as 
caval. The two findings were significantly different (Pear-
son chi-square test, p=0.000), with only slight agreement 
(kappa measure of agreement=0.136, p=0.000). 

We also compared self-awareness with diagnosis ac-
cording to the podoscopic findings (Table 3). Of the 69 
individuals who answered that they had flatfeet, only 
27 (39.13%) were actually diagnosed as flatfeet, with 35 
(50.72%) having normal feet. Fifty-four participants were 
diagnosed as flatfeet according to podoscopy results; 27 
(50.00%) perceived their feet as normal and the other 27 
(50.00%) thought they had flatfeet. Of the 8 participants 
who regarded their feet as caval, 5 (62.50%) actually had 
cavus feet and 3 (37.50%) were normal on podoscopy. 
Of the 305 participants with cavus feet on podoscopy, 
only 5 (1.65%) thought their feet were cavus feet. The 

Table 2. Self-awareness versus talometatarsal angle

Talometatarsal angle
Self-awareness

Normal Flat foot Cavus foot Total
Normal 443 (62.22) 19 (27.54) 5 (62.50) 467

Flat foot 132 (18.54) 41 (59.42) 1 (12.50) 174

Cavus foot 137 (19.24) 9 (13.04) 2 (25.00) 148

Total 712 69 8 789

Values are presented as number (%).
Pearson chi-square=55.130, df=4, p=0.000.

Table 3. Self-awareness versus podoscopy results 

Podoscopy
Self-awareness

Normal Flat foot Cavus foot Total
Normal 392 (55.06) 35 (50.72) 3 (37.50) 430

Flat foot 27 (3.79) 27 (39.13) 0 (0) 54

Cavus foot 293 (41.15) 7 (10.14) 5 (62.50) 305

Total 712 69 8 789

Values are presented as number (%).
Pearson chi-square=111.862, df=4, p=0.000.

Table 4. Talometatarsal angle (o) of flatfoot group according to self-awareness or podoscopy

Talometatarsal 
angle

Self-awareness: 
Flat foot
(n=69)

Podoscopy: 
Flat foot
(n=54)

Self-awareness: 
Normal
(n=712)

Podoscopy: 
Normal
(n=430)

Self-awareness: 
Cavus foot

(n=8)

Podoscopy: 
Cavus foot

(n=305)
Total -4.77±8.04 -8.50±7.40 -0.13±5.55 -1.33±5.24 0.94±4.88 2.02±4.96

Right foot -4.58±7.58 -8.22±7.05 0.00±5.59 -1.25±5.24 0.50±5.15 2.19±4.99

Left foot -4.96±8.54 -8.76±7.79 -0.26±5.51 -1.4±5.25 1.38±4.90 1.84±4.92

Values are presented as mean±standard deviation.
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overwhelming majority (n=293, 96.07%) thought their 
feet were normal. These results showed a significant dif-
ference (Pearson chi-square test, p=0.000), with only 
slight agreement (kappa measure of agreement=0.072, 
p=0.000).

The mean talometatarsal angle of participants who 
perceived their feet as being flatfeet was -4.77o±8.04o. 
Those actually diagnosed as flatfeet according to podos-
copy showed a mean talometatarsal angle of -8.50o±7.40o 
(Table 4).

Fig. 3 shows the distribution of the number of individu-
als who either thought they had flatfeet or who presented 
test findings consistent with flatfeet. It is obvious that 
there were more people with inconsistent findings than 
consistent results.

DISCUSSION

Flatfoot is a common disorder, and is likely the most 
recognized foot deformity in the general Korean popula-
tions. Most healthy Korean males in their 20s are man-
datorily recruited for military service. Military training 
consists of vigorous weight-bearing physical activities 
including marching and mountain climbing. This physi-
cal burden likely heightens the vulnerability of soldiers to 
musculoskeletal pain or injuries, especially in the lower 
extremities. In one study, of 287 soldiers treated at a mili-
tary hospital, 74.9% involved lower extremity injuries [22]. 
Since flatfoot may increase the risk of lower extremity in-

juries and pain, the Korean military qualification exami-
nation includes plantar arch assessment. 

The widespread recognition of flatfoot made us won-
der how Koreans perceive their plantar arches. Many 
studies have addressed the relationships among physi-
cal examination findings, radiographic parameters, and 
podoscopic findings. But, no study has addressed self-
awareness. Among the various radiographic examination 
tools, we chose the talometatarsal angle for the present 
study. Previous studies concluded that the lateral talo-
metatarsal angle is the best radiographic angle to quan-
tify the height of the medial longitudinal arch [14,19,23]. 
As a podoscopic assessment, we used Staheli arch index, 
which correlates with the radiographic parameters and is 
simple to use [20,21,24]. 

There was significant disagreement between patients’ 
perception of their own feet and actual test results. Sev-
eral explanations can be offered. One possibility is that 
current diagnostic examinations may be insufficient for 
diagnosis of flatfoot. These examinations may not accu-
rately demonstrate patients’ actual symptoms and thus 
show poor correlations. However, considering previous 
demonstrated correlations between clinical symptoms 
and these diagnostic tools [14,15,19], this explanation 
needs further study.

Another possibility is that the Korean general popula-
tion may have an incorrect understanding about the con-
cept of flatfoot. While flatfoot is a widely recognized term, 
it may be that few Koreans actually fully understand the 
pathophysiology and clinical presentations of the disor-
der. Especially, people are likely to think they have some 
pathological conditions when they actually have discom-
fort. This may lead people with asymptomatic flatfeet to 
think their feet are normal. On the other hand, there may 
be various clinical conditions causing foot symptoms. It 
could be easy for people with any foot symptoms to re-
gard themselves as having flatfeet, as the disorder is so 
familiar to them while other disorders are not as familiar. 

Either way, these results imply that many people may 
have wrong assumptions about their own foot condi-
tions and may not properly manage their feet. Therefore 
it would be ideal to introduce to the population the exact 
definition, physiology and clinical symptoms of the flat-
foot and other disorders that may cause foot symptoms 
as well. It would be helpful if there are ways to popularize 
such information via various media. An opportunity is 

Podoscopic diagnosis, n=54

Self awareness, n=69 Radiographic diagnosis, n=174

22

23

1824

111

5

4

Fig. 3. Distribution of flatfoot according to self-aware-
ness, radiographic findings, and podoscopic findings.
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during visits to foot clinics. This would also allow proper 
foot management before hasty assumptions are made. 
A good first step would be the dissemination of accurate 
information to clients by foot clinicians.
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