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Effect of Custom-Molded Foot Orthoses on
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Objective To evaluate the effect of custom-molded foot orthoses on foot pain and balance in children with
symptomatic flexible flat foot 1 month and 3 months after fitting foot orthosis.

Method A total of 24 children over 6 years old with flexible flat feet and foot pain for at least 6 months were
recruited for this study. Their resting calcaneal stance position and calcaneal pitch angle were measured.
Individual custom-molded rigid foot orthoses were prescribed using inverted orthotic technique to control foot
overpronation. Pain questionnaire was used to obtain pain sites, degree, and frequency. Balancing ability was
determined using computerized posturography. These evaluations were performed prior to custom-molded foot
orthoses, 1 month, and 3 months after fitting foot orthoses.

Result Of 24 children with symptomatic flexible flat feet recruited for this study, 20 completed the study.
Significant (p<0.001) improvements in pain degree and frequency were noted after 1 and 3 months of custom-
molded foot orthoses. In addition, significant (p<0.05) improvement in balancing ability was found after 3 months
of custom-molded foot orthoses.

Conclusion Short-term use of custom-molded foot orthoses significantly improved foot pain and balancing ability
in children with symptomatic flexible flat foot.
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are mostly physiologic flat feet. They are found in ap-
proximately 90% children under age of 2. Development of
normal longitudinal arch begins at the age of 3 to 5 years
old. It is completed before the age of 10 [5,6].

Flat feet can also be divided into flexible type and rigid
type. In flexible flat feet, when the patient supports his
own weight, the medial longitudinal arch will disappear.
However, when the patient stands on his toes or on his
heels, the medial longitudinal arch will appear. In rigid
flat feet, the arch is maintained low regardless of weight-
bearing [7-10].

Flexible flatfeet in children can improve with age with-
out symptoms [15]. Physiological variation of flexible
flat feet does not require treatment unless it becomes
symptomatic [11]. However, if physiological dysfunctions
are accompanied, various symptoms may occur, includ-
ing pain, reduction in exercise ability, and abnormal gait
[4,12-14].

Treatment for patients suffering from symptomatic flex-
ible flat feet include nonsurgical method and surgical
method. Examples of nonsurgical methods include revi-
sion of living habits, wearing proper shoes or foot ortho-
ses, stretching, muscle strengthening exercises, and non-
steroidal anti-inflammatory drugs. Research effort using
foot orthosis nonsurgical method has been attempted
to lessen foot pain. Powell et al. [16] has reported that
custom-molded foot orthosis is highly effective for pedi-
atric patients suffering from symptomatic flexible flat feet
(SFFF) with symptoms of juvenile arthritis and foot pain.
Although several research studies have concluded that
foot orthosis could be used to control foot pain [16,17],
no research has been conducted to examine the changes
of patient’s balancing ability at the same time.

While treating patients suffering from flat feet for 15
years, we realized that children with severe flat feet had
more difficulties in balancing when they stood on one leg
trying to maintain their posture. In a preliminary testing
for approximately 10 children with flat feet through com-
puterized posturography to enable quantitative analysis,
we verified that children with flat feet lacked balancing
abilities. It has been reported that patients suffering from
flat feet do lack balancing abilities while standing on one
leg [12,18]. Therefore, the objective of this study was to
comparatively analyze the frequency of pain occurrence,
pain degree, changes in their ability to perform static and
dynamic balancing, and functional activities of children
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with symptomatic flexible flat feet after wearing custom-
ized foot orthoses.

MATERIALS AND METHODS

Study subjects

We recruited pediatric patients clinically diagnosed
with flat foot who visited our foot clinic between June
2012 and June 2014. Inclusion criteria were school age
(>6 years), complaint of foot pain four times a month or
an average of at least once a week for the past 6 months,
capability of independent walking and running on func-
tional test, eversion angle of resting calcaneal stance po-
sition on both foot over 4°, and calcaneal pitch under 20°
[19]. The reason why we limited subjects less than 6 years
old was because they needed to perform balanced study
for purpose of this research. Exclusion criteria were bone
fractures or deformities of spine or lower extremities de-
tected on X-ray images, neurologic anomalies, infectious
diseases, hemostatic disorders, malignant diseases, and
current treatment for depression. Of the 24 patients se-
lected for this study, 20 completed this study.

Methods

Biomechanical and radiological tests and the use of foot
orthoses

Calcaneal pitch angle and resting calcaneal stance posi-
tion (RCSP) were measured using foot X-rays and biome-
chanical tests. Bimanual technique was used to measure
the resting calcaneal stance position. The midpoints of
calcaneus were connected in the coronal plane with sub-
jects lying at prone position. After partitioning the cal-
caneus in this way, the angle between the perpendicular
line to the ground and the bisector of the calcaneus was
measured with subjects standing to fit the ambulation
angle and the ambulation base. Positive and negative
values in the resting calcaneal stance position indicated
inversion and eversion, respectively [20].

When a biomechanical abnormality such as over-
pronation was found, a customized foot orthosis was
prescribed using inverted orthotic technique [21]. For
example, when the initial RCSP were -5° to -6° and -7° to
-8° the inverted orthotic technique prescribed 20° and
25° angles, respectively. For a RCSP that was -9° to -10°
but lower than -11° in the severe type, 30° and 35° in-
verted orthotic technique with lateral long flanges were
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Fig. 1. Fabrication of custom molded rigid foot orthoses made with inverted orthotic technique. (A) Inverting of posi-
tive cast and platforming of the forefoot. (B) Remodeling of plantar arch from sustentaculum tali to the 1st metatarsal

head. (C) Finalized orthosis.

prescribed, respectively (Fig. 1).

Fabrication of custom-modeled rigid foot orthoses was
performed in the following steps. First, a negative cast
was created out of the patient’s foot including midpoints
of calcaneous. Gypsum was then poured in the negative
cast to make a positive cast of the original figure. Inverted
technique was applied as prescribed by the doctor for
the formerly produced cast. If 25° inverted technique was
applied, the first step was to adjust the midpoints of cal-
caneous inversion to 25° on the horizontal level. A meta-
tarsal head was then nailed to make a gap. Finally, the
forefoot was filled with gypsum paste. When the anterior
platform of the positive cast was hardened, a new medial
calcaneal arch portion was created by adjusting the gyp-
sum paste on the original positive cast. The new medial
calcaneal arch portion will have a triangular shape. The
posterior apex will be medial calcaneal tubercle point.
The frontal apex will be the 1st metatarsal point. The up-
per apex will be the talonavicular point. On top of the
newly plastered arch, thermoplastic resin was melted.
Compressor cooling procedure was applied to create a
new shape of the sole. Finally, a new plastic orthoses was
completed by attaching additional firm and high density
resin on the rear foot to prevent imbalance [20] (Fig. 1).
In addition, patients and their caregivers were educated
so that the children could wear the orthoses as long as
possible inside their shoes for both indoor and outdoor
activities.

Evaluation of pain frequency, sites, and degrees in the
feet and ankles

Sites of pains in the feet, frequency of pain, and degree
of pains before treatment were were compared to those
at 1 month post-treatment and 3 months post-treatment.

The sites of foot pain were examined on midpoint of sole,
heel base, posterior heel, Achilles tendon, and ankle
articular line area. Frequency of pains was measured
weekly. Visual analog scale (VAS) was used to evaluate
pain frequency.

Evaluation of balancing ability

A Balance Master system (NeuroCom, Clackamas, OR,
USA) was used to evaluate balancing ability, including
static, dynamic, and functional test methods. Sensory
limitation assessment items included static balancing
ability, motor limitation assessment items for dynamic
balancing ability, and functional limitation assessment
items for functional balancing ability. These tests were
performed before treatment with orthoses and 3 months
after treatment with orthoses to compare the short-term
effect. The reason why these tests were performed after
wearing foot orthoses for 3 months was because children
performed daily activities while continuously wearing
foot orthoses. Balancing test was intended to be conduct-
ed in a real-life setting of pediatric patients wearing foot
orthoses.

Sensory limitation assessment for static balancing ability

As subsections of sensory limitation assessment for this
study, modified clinical test sensory interaction on bal-
ance (mCTSIB) and unilateral stance were measured. For
mCTSIB, foam-interfering proprioception was placed on
a force plate. Subjects stood on it and maintained their
postures with eyes opened or closed for 10 seconds each
for measuring the center of gravity (COG) sway velocity
(°/s). For the unilateral stance test, subjects stood on one
leg and tried to maintain their posture with their eyes
opened or closed for 10 seconds on a force plate to mea-
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sure the COG sway velocity. Each test was repeated three
times. Mean values were then calculated from the three
repeats.

Motor limitation assessment for dynamic balancing ability

For motor limitation assessment, four subsections of
stability limits were tested. The limits of stability test ex-
amined how far subjects intentionally moved their COG
to the left or right from the original center The reaction
time, movement velocity moving the COG, endpoint and
maximum excursion, and directional control were mea-
sured. Tests were repeated three times and mean values
were calculated.

Functional limitation assessment of functional balancing
ability

As subsections of this test, step/quick turn and tandem
gait were measured. For the step/quick turn, subjects
waited at a starting point, stepped onto a force plate with
one leg at the examiner’s starting signal, turned around
180° after two steps, and returned to the starting point.
During this process, turn sway (°) of the COG and turn
time (s) were measured. For the tandem walk test, sub-
jects walked on a test plate with toe and foot heel touch-
ing the plate to examine their walking characteristics.
Step width, step speed, and end sway were measured.

Statistical analyses

Repeated-measures analysis of variance was used to
compare pain degree and frequency (three time points
comparison) at each time point before and after wear-
ing foot orthoses. Wilcoxon signed-rank test was used to
analyze the degree of balancing ability change (two time
points comparison). SPSS ver. 21.0 (IBM SPSS, Armonk,
NY, USA) was used for statistical analyses. Statistical
significance was considered when p-value was less than
0.05.

Table 1. General characteristics of study subjects (n=20)

Characteristic Value
Sex (male:female) 12:8
Age (yr) 11.0£2.0
Height (cm) 145.4+11.5
Weight (kg) 40.3+8.2

Values are presented as number or meantstandard de-
viation.
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RESULTS

Subject general characteristics

Of the 20 patients who completed this study, the boy
to girl ratio was 12 to 8. Their average age, height, and
weight were 11.0£2.05 years, 145.40+11.53 cm, and
40.28+8.16 kg, respectively (Table 1).

Biomechanical and radiological test findings

The average RCSP of all participants was 15.2° on the
left and 15.3° on the right (Table 2). There were 10 pa-
tients who had severe case of pitch angle (under 15°). The
average calcaneal pitch angle of the 20 patients was -7.25°
on the left and -6.05° on the right on biomechanical test.

Change in pain regions, degrees, and frequencies

Pain sites answered by the subjects included middle
sole (n=14), platar heel (n=5), Achilles tendon and poste-
rior heel (n=6), and anterior ankle joint line (n=4). Nine
of the 20 children complained of pain in more than two
regions (Table 3).

Compared to pain frequency at 15.65+10.39 per month
before treatment, pain frequency was significantly
decreased to 9.23+9.05 per month at 1 month after
treatment and 6.884+8.18 per month at 3 months after
treatment. Since the frequency of pain occurrence was
statistically significant (p<0.001) over time, pain fre-
quency showed a linear pattern. Statistically significant
differences were evident between before treatment and 1
month after treatment (p=0.007) or 3 months after treat-

Table 2. Resting calcaneal stance position (RCSP) and
calcaneal pitch angle

Right Left
RCSP -6.05%3.19 -7.25%3.69
Calcaneal pitch angle 15.2+5.47 15.3£5.80

Values are presented as meantstandard deviation.

Table 3. Location of pain in the foot

Location of pain No.
Middle sole (arch) 14
Plantar heel 5
Posterior heel & Achilles tendon 6
Ankle joint line 4

Patients can answer multiple pain sites.
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Frequency (number/month)

Fig. 2. Frequency of pain occurrence. **p<0.01, ***p<0.001
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Fig. 3. Visual analog scale (VAS) in the main pain site.
**p<0.01, ***p<0.001 of using repeated-measures analysis

of variance.

Table 4. Comparison of static, dynamic, and functional balancing ability after fitting foot orthoses

Before 3 mo p-value
Static balance parameters
Unilateral stance-COG sway velocity (°/s)
Left EO 1.67+1.31 1.36+0.99 0.210
Right EO 1.27+0.70 1.43+0.67 0.203
Left EC 3.18+1.34 2.85+1.47 0.398
Right EC 3.12+1.27 2.51+1.42 0.006*
Dynamic balance parameters
Movement velocity (°/s)
Forward 6.26+1.85 7.03+2.57 0.218
Back 4.27+1.36 4.99+1.83 0.150
Right 6.80+2.73 7.99+3.46 0.322
Left 6.72+1.96 8.93+2.59 0.002*
Endpoint (%)
Forward 81.85+16.47 86.45+23.54 0.526
Back 66.90+16.43 71.35£19.21 0.411
Right 91.35+22.30 94.90+18.98 0.679
Left 87.00+21.71 102.65%+19.44 0.046*
Functional balance parameters
Step/quick turn
Turn time - right (s) 1.07+0.67 0.85+0.54 0.020*
Turn time - left (s) 1.16+0.98 0.91+0.53 0.040*
Turn sway - right (°/s) 30.0419.64 25.97+7.26 0.017*
Turn sway - left (°/s) 28.58+13.54 26.61+7.25 0.985
Values are presented as meantstandard deviation.
COG, center of gravity; EO, eye open; EC, eye closed.
*p<0.05 by Wilcoxon signed-rank test.
Www.e-arm.org 909
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ment (p<0.001) in postexperimnetal analysis. However,
the comparison between 1 month and 3 months after
treatment was statistically insignificant (p=0.075). These
findings indicated that the frequency of pain was im-
proved within 1 month after wearing foot orthoses (Fig. 2).

The degree of pain in the most complained sites was
evaluated using VAS. Compared to the degree of pain at
5.30+2.24 before trement, the degree of pain was signifi-
cantly reduced to 2.95+2.22 at 1 month after treatment
and 2.15%2.33 at 3 months after treatment. Since pain
degrees showed statistically significant (p<0.001) differ-
ence over time, they followed a linear pattern. Signifi-
cant differences were evident in comparisons between
before treatment and 1 month after treatment (p=0.01)
or between before treatment and 3 months after treat-
ment (p<0.001). However, the degrees of pain at 1 month
after treatment and at 3 months after treatment were not
significantly (p=0.085) different. Thereofre, the degree of
pain in the most affected sites could be significantly de-
creased in 1 month after after wearing foot orthoses (Fig. 3).

Changes in balancing ability

Static balance

In a unilateral stance test with eyes opened, when the
COG sway velocity before treatment was compared to
that at 3 months after treatment, there was no statistically
significant improvement. When the eyes were closed, the
velocity of the right was decreased from 3.12+1.27 (°/s) to
2.51+1.42 (°/s), showing statistically significant improve-
ments in static balance (Table 4).

Dynamic balance

The limit of stability subsections were measured with
the child moving in four directions. In the movement
velocity domain, left movement speed was improved
significantly from 6.72+1.96 (°/s) to 8.93+2.59 (°/s). How-
ever, the forward, backward, and rightward movements
showed no statistically significant improvement. In ad-
dition, the endpoint excursion area performed to the
left showed a statistically significant improvement (from
87.00%+21.71% to 102.65%+19.44%) (Table 4).

Functional balance

The turn time to the right in step/quick turn showed a
statistically significant improvement from 1.07+0.67 (s)
to 0.85+0.54 (s). Similary, the turn time to the left in step/
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quick turn was also significantly improved from 1.16+0.98
(s) to 0.91+0.53 (s) did. In the turn sway test, statisti-
cally significant decrease was found in the left side from
28.58+13.54 (°/s) to 26.61+7.25 (°/s) (Table 4).

DISCUSSION

Discussion on the decrease in foot pain

In the present study, the frequency of pain complaints
and pain intensity were assessed over 3 months after
children with SFFF wore foot orthoses. A large and statis-
tically significant decrease in pain was found. In particu-
lar, the improvement in pain was found to be the largest
during the first month.

Foot orthoses have been previously used to treat flat
feet with foot pain [16,17]. In a recent Cochrane review,
it has been suggested that the use of foot orthoses in
children with SFFF has limited evidence [22,23]. In a ran-
domized control study in children under 6 years old with
flat feet, Wegner has compared a control group, a cor-
rective orthopedic shoe group, a Helfet heel-cup group,
and a custom-molded plastic insert group for 3 years and
reported a similar improvement in all 4 groups based
on radiographic findings [24]. Whitford and Esterman
[17] have compared a custom-made foot orthosis with a
ready-made orthosis and reported that there is improve-
ment in pain and motor function after 1 year of wearing
the orthosis without statistically significant difference
between the two groups. Therefore, there is still a lot of
debate regarding the effect of foot orthoses on SFFFE.

In this study, after children over 6 years old with SFFF
and complaints of repeated pain wore foot orthoses for
3 months, there was a large and statistically significant
(p<0.001) reduction in pain intensity and pain frequency.
The largest improvement was seen after wearing foot
orthoses for one month. The main cause of this change
was concluded to be wearing custom-made foot orthoses
using inverted orthotic technique. Because these chronic
and recurring pains persisting for over 6 months were
from children over 6 years old, a natural improvement
in foot pain within one month would not be expected.
Therefore, the reduction in foot pain was likely to be due
to foot orthoses.

After biomechanical analysis of patient’s foot and ankle,
the inverted orthotic technique was applied, in which the
position of the calcaneus was moved vertically. This tech-
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nique could have prevented overpronation of the foot.

The mechanisms that can cause foot pain in SFFF in-
clude overuse injury [25] and referred pain due to myo-
fascial pain syndrome in tibialis posterior or gastrocne-
mius [26]. The following mechanisms can cause pain in
the sole of the foot (the arch and the inferior aspect of the
heel). Flexible flat feet in children have high mechani-
cal instability. Therefore, the intrinsic muscles of the feet
have to be highly active to maintain the balance of the
body. Therefore, there will be a high risk of muscle fa-
tigue and pain due to overuse. There is also a high risk of
muscle pain and fatigue due to overuse of tibialis posteri-
or, the primary muscle that maintains the arch of the foot
and restricts overpronation. Because tibialis posterior is
a deep muscle, it often causes referred pain that can be
expressed in the arch and the inferior aspect of the heel
[26].

Leung et al. [27] have performed gait analysis before
and after wearing foot orthoses and reported that ortho-
ses could reduce the extent and duration of abnormal
pronation during the stance phase. This could potentially
reduce strain on the plantar ligaments. Therefore, foot
orthoses might also reduce plantar foot pain by reducing
overpronation and alleviating the stress on the plantar
ligaments.

The mechanisms that can cause pain in the posterior
part of the heel (the posterior aspect of calcaneus and
the Achilles tendon) are as follows. From a mechanical
perspective, in flexible flat feet, the midtarsal joint does
not undergo resupination during the push-off phase.
Thereofre, the midfoot is in an unlocked state, which
makes push off inefficient. In order to compensate for the
problem of inefficient push off, triceps surae muscle will
contract with a little more force. When there is repeated
and excessive contraction of triceps surae muscle, in-
creased stress will be added to the Achilles tendon and
the tendon insertion site on calcaneus. This will cause
pain in these areas.

Inverted orthotic technique was used to manufacture
custom-made foot orthoses for those children with flex-
ible flat feet. This prevented abnormal overpronation,
which reduced stress due to excessive contraction of the
intrinsic and extrinsic muscles maintaining the arch of
the foot. Therefore, the pain on the plantar aspect and
the posterior heel was reduced.

Discussion on the improvements in posture maintenan-
ce and balance ability

In the assessment for static balance ability, there was a
statistically significant reduction in the COG sway veloc-
ity in a unilateral stance with the right eye closed. In the
assessment of dynamic balance ability, there was a sta-
tistically significant improvement in movement velocity
and endpoint of first movement on the left side. In the as-
sessment of functional balance ability during step/quick
turn, there was a statistically significant improvement in
turn time in both directions and turn sway in the left di-
rection (Table 4).

The present study aimed to investigate whether posture
maintenance and balance ability could be improved after
providing biomechanical stability to the foot and lower
limb using foot orthoses manufactured with the inverted
orthotic technique.

In the assessment of static balance ability (posture
maintenance ability), when measuring sway speed was
in a unilateral stance, there was a significant decrease in
sway with eyes closed. Maintaining a unilateral stance
with eyes closed requires the use of only proprioceptive
information from the foot and ankle as well as tactile
senses of the sole without any visual information. The
fact that the balance ability was improved under these
conditions after wearing the foot orthoses indicated that
the foot orthoses provided more proprioceptive stimu-
lation from the foot and ankle joints and more tactile
stimulation to the plantar aspect or that they provided
better quality information. Feuerbach et al. [28] have
studied dermal touch stimulation and the ability to sense
joint position by applying an ankle orthoses and found
that the ability to sense joint position is improved due
to an increase in the afferent feedback from receptors in
the skin of the foot and ankle. In fact, foot orthoses were
made using the inverted orthotic technique to place the
subtalar joint closer to a neutral position and place the
midtarsal joint closer to the normal position. By restor-
ing the positions of joints in this way, the orthoses might
have improved balance ability because they promoted
the transmission of normal afferent signals from the
proprioceptors in the ankle and the skin receptors in the
plantar aspect of the foot.

Another reason for the improvement in posture main-
tenance ability was that the foot orthoses used in the
present study were able to provide mechanical stability
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to the foot. Due to the nature of flexible flat feet in chil-
dren, there is a large amount of mechanical instability in
the bones of the feet. However, custom-made plastic foot
orthoses can raise and support the whole arch of the foot.
Therefroe, they can greatly reduce mechanical instability
in the bones of the foot.

In the assessment of dynamic balance ability, there was
a significant improvement in movement speed and end-
point distance of the first movement in the left direction.
The movement speed and endpoint of first movement
in the right direction also showed an improvement fol-
lowing treatment, although there as no significant im-
provement. This assessment required the subjects to dy-
namically shift their COG according to instructions on a
computer screen. The fact that an improvement was seen
in this assessment indicated that that the subjects were
able to voluntarily move their bodies. This was made
possible because subjects acquired mechanical stability
in their feet with more precise afferent signals relating to
joint position from the feet and ankles.

In the step/quick turn test to assess functional balance
ability, subjects showed statistically significant improve-
ment in turn time in both directions and in turn sway in
the left direction. For this test, the subjects started to step
forward with one foot, turned 180° after a total of two for-
ward steps, and then returned to the starting point. The
sway in COG during turning and the turn time were mea-
sured. Given that the feet were responsible for balance
during turning, the significant improvement in this test
indicated that postural stability was increased as a result
of wearing the foot orthoses. This was made possible only
when mechanical stability was provided to the feet and
precise afferent signals could be transmitted from the feet
and ankles.

In summary, foot orthoses were made using inverted
orthotic technique for children with flexible flat feet ac-
companied by foot pain. After wearing orthoses, these
children not only showed a considerable reduction in
foot pain frequency and pain intensity, but also showed
improvement in static, dynamic, and functional balance
ability.

This study had several limitations. First, it was a small-
scale study with only 20 subjects. In addition, age restric-
tions had to be enforced in order to measure balance
ability. If changes in pain had been assessed without an
age restriction, it would have been possible to perform a
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larger scale study including younger children. Another
limitation was that the follow-up period was relatively
short at 3 months. Moreover, changes in balance ability
after 3 months without wearing the foot orthoses could
not be assessed. Therefore, it is unclear whether bal-
ance ability without the orthoses can be improved after 3
months. With a short-term 3-month study, it is difficult to
provide guidelines for the duration that children should
wear foot orthoses to have even better effect. Hence, sub-
sequent studies are needed to determine the carryover
effect after children have worn the foot orthoses for 1 year
and assess their balance ability after wearing or not wear-
ing the orthoses. In addition, this study did not take into
account body habitus or body mass index of children.
However, of our study subjects, none was visibly obese.
Additional studies will be required to overcome these
limitations.

In this study, we recruited children with flexible flat
feet and foot pain. When they wore customized foot or-
thoses produced with inverted orthotic technique, pain
frequency and degree were significantly improved. Static,
dynamic, and functional balancing abilities were also
improved in 3 months. Therefore, custom molded foot
orthoses made with inverted orthotic technique could be
effective for pediatric patients with symptomatic flexible
flat feet.
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