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IINNTTRROODDUUCCTTIIOONN
Flexible flatfoot (pes planus), high-arch

foot (pes cavus), hindfoot valgus and hallux
valgus are the most common pathomechanical
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ORIGINAL ARTICLE

BBaacckkggrroouunndd//PPuurrppoossee..   To investigate the overall prevalence of four common
pathomechanical foot deformities, including flexible flatfoot, high-arch foot, hindfoot valgus
and hallux valgus in primary school students in Taichung County and to determine the
prevalence of these foot deformities in boys and girls in different primary school grades.
MMeetthhooddss..  We enrolled 18,006 students (8883 boys and 9123 girls) from 14 primary schools in
Taichung County. The arch index, hallux valgus angle, and hindfoot valgus angle in all students
were obtained by footprint analysis. Grade- and sex-specific prevalence rates were calculated for
each foot deformity. Using correspondence analysis, we constructed a mapping-based
relationship between foot deformities, age, and sex.    
RReessuullttss.. The overall prevalence rates were 13.88% for flexible flatfoot, 1.32% for high-arch foot,
3.33% for hindfoot valgus and 1.40% for hallux valgus. Descriptive analysis indicated that flexible
flatfoot was more common among boys in all grades and that high-arch foot was more common
among girls in grades 5 and 6. We identified age as the primary predictive factor for all of the
common foot deformities. Flexible flatfoot and hindfoot valgus were more frequent in boys and
young girls. Hallux valgus was most common among older girls.   
CCoonncclluussiioonn..  This is the first study to determine the prevalence of flexible flatfoot, high-arch
foot, hindfoot valgus and hallux valgus in a Chinese population. We found a strong association
between flexible flatfoot and hindfoot valgus. Primary-school students with common
pathomechanical foot deformities should be followed up on a regular basis to reduce the
prevalence of foot deformity-related musculoskeletal problems.  ( Mid Taiwan J Med 2009;14:1-9 )
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correspondence analysis, flexible flatfoot, hallux valgus, high-arch foot, hindfoot valgus,
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foot deformities encountered in pediatric
orthopedic and rehabilitation practice. It is
important to make an early diagnosis of these
deformities so that treatment can begin as soon as
possible.

Flexible flatfoot [1-6] is defined as the
postural appearance of the foot, with a depressed
medial longitudinal arch and a pronated subtalar
joint under weight bearing conditions. Flexible
flatfoot rarely causes disability, and asymptomatic
children are brought to clinics by concerned
parents because of the common layman
perception that flatfoot will be associated with
pain in adulthood. High-arch foot [7,8] is the
opposite of flatfoot. It is much less common than
flatfoot and more likely to be associated with an
abnormal orthopedic or neurological condition.
Unlike flexible flatfoot, high-arch foot tends to be
painful because more stress is placed on the
section of the foot between the ankle and the toes,
making it difficult to wear shoes. Hindfoot valgus
[9] refers to increased lateral angulation of the
heel relative to the longitudinal axis of the tibia.
Hallux valgus [10] is defined as increased lateral
angulation of the proximal phalanx of the great
toe with respect to the first metatarsal. There is
often an associated medial soft tissue prominence
(bunion) overlying the first metatarsalphalangeal
joint. A patient may present with a nonacute 
onset of deep or sharp pain in the first
metatarsalphalangeal joint during ambulation,
with exacerbation during particular activities.
Patients may also describe aching pain in the
metatarsal head secondary to shoe irritation,
which is relieved when the shoe is removed. 

Although the four above-mentioned foot
deformities are common and account for a
significant number of office visits to foot and
ankle specialists, relatively few studies have been
conducted, especially in Chinese, and much 
of the information consists of empirical data
based on patient observations. The prevalence
profiles of flexible flatfoot, high-arch foot,
hindfoot valgus and hallux valgus have not 
been studied in growing children. Therefore, the
authors conducted this study to assess the 
overall prevalence of these four common

pathomechanical foot deformities in a population
of schoolchildren in Taichung County and to
assess the prevalence profile in boys and girls of
different ages. 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS
Subjects  

We surveyed the static and dynamic
footprints of 18,006 students (8883 boys and
9123 girls) from 14 primary schools in Taichung
County, Taiwan, during the period February to
July, 2006. The students ranged in age from 6 to
12 years. The age range in each grade was as
follows: 6 to 7 years in the first grade; 7 to 8
years in the second grade; 8 to 9 years in the third
grade; 9 to 10 years in the fourth grade; 10 to 11
years in the fifth grade; and 11 to 12 years in the
sixth grade. None of them had a history of
specific medical or orthopedic problems.  

Methods  
Foot pressure data were collected by the

Novel EMED platform system (AT-2). The
EMED-AT system is a pedography measurement
platform with calibrated capacitive sensors that
can measure and record foot pressure in static and
dynamic mode.

Data from three trials were collected
bilaterally with subjects placing all of their
bodyweight on the platform. From each of the
footprints we measured the arch index and the
hallux valgus angle. The footprints were
classified as normal, high-arched or flat (Fig. 1).
If the width of the instep at its widest part was
less than 1cm, the foot was considered flatfoot. If
the width of the footprint at its narrowest part was
less than 1cm, the arch was considered high. All
other footprints were considered normal [11].
Hallux valgus is normally defined on X-ray
images as a metatarsal-phalangeal angle of
greater than 15 degrees; however, the authors
tried to define the hallux valgus angle (Fig. 2A)
using footprint analysis to protect the children
from unnecessary X-ray exposure. The hallux
valgus angle was defined as the angle formed by
the intersection of the lines along the long axis of
the proximal phalanx and the first metatarsus. The
normal angle should be less than 15 degrees. 



3Li-Wei Chou, et al.

Children were asked to stand and march in
place 4 or 5 times on the pressure platform with
their backs toward the examiner [12]. In the
weight-bearing standing position, the distal aspect
of the bisection of the Achilles tendon extending
down the hindfoot laterally deviates to form a
valgus angle with the upper portion of the
Achilles tendon (Fig. 2B). A goniometer is placed
on the hindfoot valgus angle, which is formed by
the upper Achilles tendon and the distal extension
of the rearfoot. It is considered abnormal if the
angle is greater than 7 degrees [13]. The protocol
of this study was approved by the Institutional
Review Board of the China Medical University
Hospital, Taichung, Taiwan.  

Statistical analysis
Correspondence analysis [14,15] is an

exploratory, multivariate descriptive analytical
technique. As opposed to traditional hypothesis
testing designed to verify a priori hypotheses
about relations between variables, exploratory
data analysis is used to identify systematic
relations between variables when there are no (or
rather incomplete) priori expectations as to the

nature of those relations. Correspondence analysis
markedly simplifies complex data and provides a
detailed description of practically all information
in the data, yielding a simple, yet exhaustive
analysis. The significance of association tested by
the chi-square test provides no information as to
the significant individual associations between
two or more categorical variables. In contrast,
correspondence analysis not only shows that a
relationship exists, but also shows how the
variables are related. Another important feature is
the graphical display of row and column points in
biplots, which can help in detecting structural
relationships among the variable categories and
objects.

The data obtained from the survey are
shown in Table 1. A joint-space representation of
grade, sex and the foot deformities was developed
by correspondence analysis. Table 2 is a three-
way classification of the 3 variables, foot
deformities, grade, and sex, from which a matrix
(4 foot deformities 6 grades 2 sexes) with a
total of 48 cells was created. The data were
transformed into a two-way matrix by combining

Fig. 1. Method of grading footprints. A: If the width of the instep (ab) at its widest part was less than 1 cm, the foot was considered
flatfoot. B: All other footprints were considered normal foot. C: If the width of the footprint at its narrowest part (bc) was less than
1 cm, it was considered high-arch foot.

A B C
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two variables (grade and sex) into one interactive
variable. The 4 12 matrix comprising the type
of foot deformity and sex combined with grade
was entered into a simple correspondence
program. The four foot deformities along with the
groups (grade sex) were scaled. 

Categories with similar distributions will be
represented as points that are close in space, and
categories that have very dissimilar distributions
will be positioned apart. The geometrical display
(graphical display) shown in Fig. 3 thus serves to
facilitate description of the authors’ results. The
prevalence profile of the foot deformities was

scaled, giving X and Y coordinates for each point
for the three variables.     

RREESSUULLTTSS
The correspondence analysis resulted in a

total of three dimensions, of which the first two
explain as much as 98% of the total variance. The
authors chose the two-dimensional solution. The
first dimension is dominant, accounting for 90%
of the variance.

Masses comprise the relative frequency of
the marginal row and column frequency in
percentage form (row and column masses) of the

Fig. 2. A: Hallux valgus angle (HVA) is formed by the intersection of the lines along the long axis of the proximal phalanx and the
first metatarsus. An angle larger than 15 degrees indicates Hallux valgus. B: The distal aspect of the bisection of the Achilles
tendon extending down the hindfoot deviates laterally to form a hindfoot valgus angle (HFVA). It is considered hinedfoot valgus if
the HFVA is greater than 7 degrees.

A B

Table 1. Prevalence of the four common foot deformities in 18,006 primary school students (8883 boys and 9123
girls), in Taichung county, Taiwan, 2006

Flexible flatfoot
High-arch foot
Hallux valgus 
Hindfoot valgus

1593 (8.85)
84 (0.47)
46 (0.26)
346 (1.92)

Boys
n (%)

Type of foot deformities
Girls
n (%)

2499 (13.88)
237 (  1.32)
252 (  1.40)
599 (  3.33)

Total
n (%)

906 (5.03)
153 (0.85)
206 (1.14)
253 (1.41)
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total number of cases (3587) as shown in Table 2.
The masses are a measure of the importance of
the point profile in the analysis. The high mass
value of flexible flatfoot shows that most of the
participants have flexible flatfoot. The higher
mass values in boys in all grades and in the
youngest girls indicate that these grades are
associated with most cases of flexible flatfoot.
The lower mass values of hindfoot valgus indicate
that, although there is an association between
hindfoot valgus and the above grade-sex groups,
the prevalence of hallux valgus is not as high as
that of flexible flatfoot. Furthermore, it can be

seen that flexible flatfoot and hindfoot valgus are
the most prevalent deformities, while hallux
valgus is the least prevalent.

Figure 3 is a graphic presentation of the
results for the two dimensions and shows the
relative positions of two sets of points, providing
a picture of which foot deformities and which
grades are related. The proximity of flexible
flatfoot and hindfoot valgus indicates a close
association between the two foot abnormalities. In
addition, the configuration shows that the points
representing all the boy groups (1st to 6th grade)
and first-grade girls form a cluster near the origin
(centroid). The figure also shows that this grade-
sex group is positioned close to flexible flatfoot
and hindfoot valgus, indicating that they are
closely associated foot deformities.

It is reasonable to interpret dimension 1 as
an age-specific deformity dimension. As shown in
Fig. 3, the grade groups, especially for girls, are
ranked by increasing grade along the first
dimension. Furthermore, hallux valgus and
flexible flatfoot contribute as much as 92% to the
variance of the first dimension. In the case of the
column profile (age and sex), the greatest
contribution to the first dimension (87%) is made
by the younger boys and older girls. Examination
of the configuration reveals that flexible flatfoot
and hindfoot valgus are related to the group of
younger boys, and hallux valgus is related to the
group of older girls. These results indicate an
interaction between the three variables; that is, the
relationship between type of foot deformity and
age differs between boys and girls. 

Dimension 2 is dominated by the points of
high-arch foot and hallux valgus. They explain 86

Fig. 3. The graph shows the relative positions of two sets of
points, providing a picture of which foot deformities and
which age groups are related. Dimension 1 is an age-specific
deformity dimension. The points representing all the boy
groups (B1 to B6), and the G1 girl group form a cluster near
the centroid and closed to flatfoot and hindfoot valgus. This
indicates that flatfoot and hindfoot valgus are closely
associated foot deformities and related to all boy and
younger girl groups, and hallux valgus is related to the older
girl group. Dimension 2 is dominated by the points high-arch
foot and hallux valgus. The low mass values and the large
distance from the centroid indicate that there are fewer cases.
The prevalence of high-arch, and hallux valgus is higher in
the older girl groups. (B = boy; G = girl; FF = flexible
flatfoot; HAF = high-arch foot; HV = hallux valgus; HFV =
hindfoot valgus. 1 to 6 indicated grade)

Table 2. Major foot deformities in 3587 primary schoolchildren of different grades

FF
HAF
HV
HFV
Total
Mass*

Foot deformities Boys Girls Total Mass*
1st
393
4
6
70
473
0.132

2nd
340
23
2
75
440
0.123

3rd
257
15
7
51
330
0.092

4th
215
18
14
48
295
0.082

5th
222
22
10
52
306
0.085

6th
166
2
7
50
225
0.063

1st
196
17
3
34
250
0.070

2nd
181
30
8
50
269
0.075

3rd
146
29
25
41
241
0.067

4th
158
25
34
51
268
0.080

5th
132
23
67
43
265
0.074

6th
93
29
69
34
225
0.063

2499
237
252
599
3587
1

0.697
0.006
0.070
0.167
1

FF = flexible flatfoot; HAF = high-arch foot; HV = hallux valgus; HFV = hindfoot valgus.*Masses are composed relative
frequency of marginal row and column frequency in percentage form (row and column mass) of the total cases.
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percent of the variance of dimension 2. As far as
the other set of points is concerned, it is seen that
older girls dominate this dimension (70% of the
variance). If the contributions of points to
dimensions are compared with the configuration,
it is seen that the prevalence of high-arch foot and
hallux valgus is high among older girls. However,
the low mass values and the large distance from
the centroid indicate that there are fewer children
with high-arch foot and hallux valgus. This
analysis further shows that the relationship
between type of foot deformity (high-arch foot
and hallux valgus) and age differs between boys
and girls. The proximity of the points between the
column (high-arch foot and hallux valgus) and the
row (grade sex) indicates that the association
between these two foot deformities and the points
(grade sex) is not as strong as the association
between the other deformities (flexible flatfoot
and hindfoot valgus) and the points (grade sex). 

DDIISSCCUUSSSSIIOONN
The most accurate method of measuring the

medial longitudinal arch of the foot is debated by
many physicians. Various techniques are used 
to assess the medial arch height, although
radiographic measurements and footprint analysis
are the most common methods [16-18]. In this
study, we used footprint analysis to screen foot
deformities because it is a simple, readily
available, low-cost, and noninvasive technique. It
also does not have the potential hazardous effects
of X-rays.

Abnormalities of the foot often arise from
abnormal structural support. An imbalance in the
forces, including weakness of the muscular,
ligamentous, or bony arch supporting structures
will lead to collapse of the arch [6]. Bresnahan [5]
states that intrauterine forces and fetal foot
position initially create the abnormal bony
relationships between anatomically normal bones
characteristic of flatfoot disorders. The active
muscular force balance between opposing muscle
groups is distorted, causing abnormal bony
relationships and disturbed muscular mechanical
advantage, which exerts its influence immediately
at the point of heel contact in the gait cycle.
Therefore, the foot and posterior talocalcaneal

joint are dorsiflexed relative to the supporting
surface, leading to predominance of motion
execution in the transverse body plane. Kernozek
and Ricard [19] investigated the relationship
between foot placement angle, arch type, and
rearfoot motion during running. They found that
foot placement angle was the best single predictor
of total rearfoot motion. Less abduction was
associated with more total rearfoot motion. Arch
type exhibited a quadratic relationship with total
rearfoot motion. In this general survey of the
prevalence profile of foot deformities in primary
school students, we chose footprint analysis as the
major evaluation tool. Although we were unable
to show that flexible flatfoot is a result or a cause
of hallux valgus, our results indicate that flexible
flatfoot and hindfoot valgus are interrelated
musculoskeletal deformities.

The arch of the foot changes significantly
throughout life. Staheli and colleagues found that
the medial longitudinal arch has an undulating
pattern according to age and arch index [20].
Volpon [21] stated that the feet grow most rapidly
up to 3 years of age. From birth up to 2 years of
age, there is a higher incidence of flatfoot. Rapid
progression of plantar arch development was
observed between 2 and 6 years of age. Rose
stated that the critical age for development of the
foot arch is 6 years, and consequently, if the
prevalence of flat feet is evaluated before this age,
the finding will overestimate the problem [3]. 

The overall prevalence of flexible flatfoot
in the population studied by Bordin et al [22] was
found to be 16.4%; however, the sex-specific
prevalence was 18.1% among boys and 14.6
among girls. Lin et al [23] performed a cross-
sectional study to elucidate the correlating factors
and clinical significance of flexible flatfoot in
preschool children in Taiwan. In their study of
377 preschool children (201 boys, 176 girls),
ranging in age from 2 to 6 years, 57% of children
at 2 and 3 years of age were noted to have
moderate or severe flexible flatfoot; however, the
prevalence decreased with age, dropping to 40%
at ages 3 and 4, to 28% at ages 4 and 5, and to
21% at ages 5 and 6. However, no studies have
investigated the prevalence in older children.
Furthermore, the relationship between age and
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other foot deformities (high-arch foot, hindfoot
valgus and hallux valgus) have not been studied
in Chinese. 

In previous studies, investigators have
demonstrated a relationship between flexible
flatfoot and age in boys and girls. Cheng et al [24]
found that foot length and width increase linearly
from the age of 3 years until 12 years in girls and
15 years in boys. Volpon [21] found that from age
3 onward, the feet maintained an almost constant
growth rate in both sexes until the age of 12
years, when girls’ feet stopped growing and boys’
feet exhibited further growth. Our results are
consistent with these studies and further
demonstrate that flexible flatfoot and hindfoot
valgus are relatively more frequent among all
boys and the youngest girls. The authors also
found that hallux valgus is related to older age
among girls. Flexible flatfoot and hindfoot valgus
are the most prevalent foot deformities in primary
school students in Taiwan. Many of the children
in this study presented with hindfoot valgus but
the relative prevalence of that foot deformity was
not as high as that of flexible flatfoot. Hallux
valgus was found to be the most deviating profile.
The relationship between type of foot deformity
(high-arch foot and hallux valgus) and age
differed between boys and girls. Girls in grades 5
and 6 experienced relatively more high-arch foot
and hallux valgus than boys in grades 1 to 6. 

The clinical diagnosis of flatfoot is based
on a valgus position of the heel and a poor
formation of the foot arch. Pfeiffer et al [25]
demonstrate that the development of the medial
arch of the foot in preschool-aged children is
influenced by three factors: age, gender and
weight. Rao et al [11] found that flexible flatfoot
was much more frequent in hypermobile children,
whereas body mass index did not differ
significantly between shod and unshod children.
El et al [26] confirmed that flexible flatfoot and
the hypermobility are developmental profiles. In
this study, technical problems precluded the
collecting of body mass index data from all of the
18 006 children; therefore, we could not evaluate
the relationship between the prevalence of flatfoot
and weight or body mass index. 

Management of all musculoskeletal foot
problems is based on understanding the causes
and the natural course of the condition and on the
effectiveness of various treatment modalities.
Treatment begins with conservative care,
including parental reassurance, observation, and
possibly arch supports. For resistant cases in
which nonsurgical management has failed,
operative correction is suggested. Buerk et al [27]
believe that there is no role for surgery in
asymptomatic flexible flatfoot. Although parents
are often concerned about pediatric foot
problems, such as flexible flatfoot, high-arch foot,
hallux valgus and hindfoot valgus, the child is
usually found to be asymptomatic, and no
treatment is indicated. The examining physician
must rule out other conditions that do require
treatment, such as congenital vertical talus, tarsal
coalition, and skew-foot [2]. In most instances,
the best treatment is simply taking enough time 
to convince the family that no treatment is
necessary. Flexible flatfoot with tight heel cords
may become symptomatic and can be addressed
with a stretching program [28,29]. Surgical
intervention for flexible flatfoot is reserved for
patients who have persistent localized symptoms
despite conservative care. Rigid or pathologic
flatfoot has multiple etiologies and many patients
will require treatment to alleviate symptoms or
improve function. 

The four common pathomechanical foot
deformities evaluated in this study rarely cause
disability, but often are of major concern to the
parents. Although many causes exist, a careful
history and a stepwise approach to the physical
examination will provide the examiner with
sufficient information to make a correct diagnosis
and provide appropriate treatment.

In conclusion, we have shown for the first
time the prevalence profile of the common
pathomechanical foot deformities in primary
school students in Taiwan. Our observations
provide evidence that flexible flatfoot and
hindfoot valgus are relatively more frequent in
boys of all ages and in young girls. Furthermore,
we found that high-arch foot and hallux valgus
are more prevalent in older girls. Additional
larger-scale studies are needed further investigate
this important finding. 
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