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Introduction: Medical insoles play an important role in correcting the biomechanical characteristics of the foot in
people with flat foot. The design and construction of the insole determines how it affects the foot. The aim of this
study was to compare the effect of two types of semi-custom insole and custom molded insole made based on three-
dimensional scanning technology on the distribution of surface and pressure in different areas of the sole of the foot.

Materials and Methods: This quasi-experimental study was performed on 16 children with flat foot at the
Musculoskeletal Research Center, Isfahan University of Medical Sciences, Isfahan, Iran. Participants were selected
by simple non-probability method and randomly divided into two equal groups for intervention with semi-custom
insoles and insoles made based on foot scans. The area of the parts involved in foot sole pressure and the size of the
foot sole pressure and its location were measured before the intervention, immediately, and 6 weeks after continuous
use of the insoles. Shapiro-Wilk test was used to examine the data distribution and two-way analysis of variance
(ANOVA) was used for data analysis.

Results: Both types of insoles showed the maximum pressure in the whole sole of the foot after 6 weeks (P = 0.04)
and the maximum pressure in the middle of the sole of the foot increased significantly for both types of insoles,
while a significant decrease was observed in the front sole of the foot (P = 0.07). The results also showed that the use
of custom insoles in comparison with semi-custom insoles did not lead to a significant difference in the average of
the maximum pressure applied to the front of the foot sole (P = 0.63).

Conclusion: Although both custom insoles using Computer-aided design-Computer-aided manufacturing (CAD-CAM)
and semi-custom insoles were effective in biomechanical effects such as pressure on the soles of the feet in children
with flat feet, the custom insole was more effective. Since it is necessary to choose an advanced, uniform, and fixed
method for designing and manufacturing medical insoles for children with flat feet, it is recommended that this study
be performed with the help of scanners or other different and related design software.
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characterizes this condition (2-6). There are two types

Introduction of flat feet: flexible and non-flexible. Flexible flat feet
It is common for children to experience foot are identified when the plantar arch straightens after
problems, with flat feet being a common deformity applying weight and returns to its previous state after
affecting around 30% of children (1). A lower-than- removing the weight. This type of flat foot is often
normal height of the internal longitudinal arch accompanied by external rotation of the heel (7, 8). In
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Plantar pressure in children with flat feet

contrast, non-flexible flat feet affect about 1% of the
population and are identified when the height of the
arch does not change when no weight is applied
compared to when weight is used (5, 9). It should be
noted that the flexible type is more common,
accounting for 48% to 77.9% of children with flat feet
(10, 112).

Flat feet can take many forms in children, ranging
from flexible to inflexible, progressive to non-
progressive. To diagnose this condition, various
methods are used, including checking the arch of the
foot with and without weight bearing, measuring the
angle of the rear part of the foot, examining the
position of the heel, measuring the height of the
navicular to the ground, and evaluating the shape of
the arch (5, 7). Once the cause of flat feet is
identified, effective treatment can be provided. It is
important to note that the natural and integrated
plantar pressure distribution is a biomechanical
principle that should be considered when prescribing
insoles. Flexible soles in children can lead to
disorders such as abnormal plantar pressure
distribution, abnormal walking, poor balance, and
impaired motor function and body activity (5, 12, 13).
Therefore, orthopedic treatment is necessary to solve
the problem. Since most of these symptoms continue
until old age, preparing a detailed treatment plan for
this condition from childhood is essential. Doing so
can initiate therapeutic intervention promptly to
ensure the best possible outcome (5, 14).

Several non-surgical interventions are available
for people with flat feet, including modifying
activities, weight loss, exercise therapy, plastering,
leg orthoses, and stretching exercises (5, 10, 11). Foot
orthoses are also often recommended for flexible flat
feet (6, 15, 16), which can be categorized into
semi-custom and custom. Semi-custom orthoses have
standard shape and form, while specialized orthoses
are designed and manufactured by specialist orthoses
manufacturers by molding or scanning the
individual's foot in specialized clinics (3).

Since the pressure pattern in the plantar surface of
people with flat feet is significantly different from
that of healthy people, measuring the plantar pressure
with a standard device in various positions with and
without insoles is essential. This helps monitor the
amount and area of pressure and analyze variables
like pain and comfort. Foot pressure provides
valuable information about the foot's function, and it
is necessary to evaluate it for better treatment
(2,17, 18).

One of the latest computer-aided design (CAD)
and manufacturing methods is the CAD-computer-

Jafarian et al.

154

aided manufacturing (CAD-CAM) system. This
system comprises a three-dimensional (3D) scanner,
design software, and a 3D printer. Various design
software, like Meshmixer, Rhino, and Delcam, makes
creating 3D models easy and precise. With the rise in
technology, especially in computer design, using
CAD-CAM systems has become essential in the
healthcare industry, particularly in designing insoles
for feet. Researchers compared the impact of the
CAD-CAM method on foot pressure distribution with
a semi-customized insole and concluded that both
orthoses could decrease the pressure under the heel
and metatarsal area (17). However, some studies have
shown no significant difference in pressure
distribution by the CAD-CAM design system (6).

The impact of various insole types on the amount
and location of plantar pressure is not yet proven.
However, using 3D design systems is incredibly
useful in determining pressure distribution. Despite
this, no research has been conducted regarding
creating and implementing medical insoles using 3D
scanners to distribute foot pressure in children with
flat feet. Consequently, this study aimed to analyze
and compare two types of semi-customized insoles
produced using the CAD-CAM method in children
with flexible flat feet.

Materials and Methods

This study utilized a quasi-experimental before-and-
after design involving 16 children divided into two
parallel groups. The sampling was conducted on an
accessible basis from individuals referred to
orthotics and prosthetics centers, both private and
public, in Isfahan City, Iran, in 2019, as well as from
the Musculoskeletal Research Center of Isfahan
University of Medical Sciences. The insoles selected
for the study were made from Plastazote foam.
Inclusion criteria comprised children aged between
7-11 years, with flatness in the soles of their feet
[based on the Foot Posture Index (FPI) of +9], not
currently using insoles, and not having used foot
orthosis for at least six months before the test.
Additionally, the children needed a complete range
of motion (ROM), normal muscle strength, no
difference in the length of their lower limbs, and no
history of trauma, dislocation, fracture, or surgery in
the lower limb. Exclusion criteria included
individuals with foot supination, genu varum of the
knee, congenital structural deformity,
neuromuscular problems (such as cerebral palsy,
polio, and spina bifida), and those not regularly and
daily wearing insoles (control was done through
regular phone calls).
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The first step was to complete the personal
information questionnaire after obtaining written
consent from the patients and their families. Next, the
dynamic pressure test was performed using the foot
pressure scanning device (Paya Fanavaran Ferdowsi
Co., no. 22.1., Mashhad, Iran, 1ISO 13485:2016) while
explaining the procedure to the participant. This test
was performed before the intervention, and the
participant was asked to walk slowly toward the
screen at a distance of two meters from the device
center in the research hall. The participant had
already practiced the test multiple times before the
final examination. The person was required to pass
through the screen, ensuring their standing foot was
in the center for correct and complete registration.
The pressure test was performed dynamically three
times for each person with the right foot and three
times with the left foot. After each test, the examiner
recorded the plantar pressure information in the
system (19).

Using the FPI, the researcher checked the flatness
of each person's foot in a standing position. This
involved a detailed examination and observation of
the foot. The FPI has six views to evaluate the foot in
different planes. The six views are the posterior view
for Achilles alignment, posterior view for outward
and inward deviation of the toes, palpation of the
talus anteriorly, internal and external view to check
the concavity under the ankles, interior view for the
medial longitudinal arch, and internal and external
view for examining the concavity above the ankles.
Each parameter assigns a score from +2 to -2, and the
total score of this checklist is reported as a numerical
index between +12 and -12. A positive numerical
index indicates a foot-prone posture (8).

The evaluation and measurements were conducted
by recording device output values. These values
included determining the plantar pressure in different
parts of the foot (forefoot, midfoot, hindfoot) before
and after using insoles. The measurements were taken
once without insoles, immediately after inserting
insoles, and six weeks after using insoles. The
participants were instructed to use insoles for at least
4 hours a day in their regular shoes and daily
activities without removing them from the shoes. The
data were tested for normal distribution using the
Shapiro-Wilk test and then analyzed using a two-way
analysis of variance (ANOVA) test to compare the
average differences of dependent variables between
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two parallel groups. The data were analyzed using the
SPSS software (version 22, IBM Corporation,
Armonk, NY, USA). Repeated data analysis was
performed based on intention-to-treat (ITT) analysis,
and statistical significance was set at less than 0.05.

Results
Table 1 compares demographic characteristics
between two types of insoles - customized and semi-
customized - in children with flexible flat feet. The
study found no significant difference between the two
types of insoles regarding the demographic
characteristics of children with flexible flat feet.

The comparison of the average maximum pressure
on the plantar feet (kg/cm?) before, after, and six weeks
after using each of the two types of soles is shown in
table 2.

Six weeks after using insoles, there was not a
significant difference in the average maximum
pressure applied to the midfoot between the
participants (P = 0.370). However, the study found
that customized insoles increased the average
maximum pressure applied to the midfoot compared
to semi-customized ones (P = 0.020). Moreover, there
was not a significant difference in the maximum
pressure applied to the hindfoot in both groups after
six weeks of insole use (P = 0.460). Based on the
findings, using customized insoles did not
significantly impact the average maximum pressure
on the hindfoot compared to semi-customized ones
(P =0.190) (Table 2).

The average maximum pressure applied to the
plantar foot after using the insole is shown in figure 1.

Semi-custom Custom

4.25 4

3.75 A
3.5 A

Mean

3.25 A

3 -
2.75 4
2.5

Immediately after use 6 Six weeks late

Figure 1. Average maximum pressure applied to the
plantar foot after using insoles

Table 1. Descriptive statistics of contextual variables

Variable Semi-custom insoles (mean + SD) = Custom insoles (mean = SD) P-value
Age (year) 8.12 +1.64 9.00 + 1.60 0.280
Weight (kg) 40.62 + 15.95 35.87 + 6.59 0.450
Height (cm) 120.75 + 33.14 99.12 + 37.06 0.240

SD: Standard deviation
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Table 2. comparison of the average maximum pressure on the plantar feet (kg/cm?2) before, after, and six weeks after using each of the two types of soles
Maximum Group Before use Immediately Six weeks

pressure mean after use later Time Immediately Immediately Six weeks later | Time of use
comparison after compared after compared compared to x type of
to before to six weeks later before insole
The plantar foot ~ Semi-custom  2.67 + 1.50 2.87+1.40 2.20 £4.26 .
Custom 3.11+1.80 3.21+1.50 3.81+2.10 0.040 0.210 0.240 0.190 0.410
P value comparing two insoles 0.230
Midfoot Semi-custom  0.60 £ 0.40 0.60 £ 0.40 0.57 +0.33 0.370 0.240 0.820 0.250 0.280
Custom 0.80 £ 0.82 0.80 £0.82 1.12 +0.83 0.370 0.220 0.250 0.250 0.270
P value comparing two insoles 0.250
Fore foot Semi-custom  2.34 +1.56 2.34 £1.56 3.87 £2.50 0.700 0.035 0.001" 0.030 0.210
Custom 272+1.31 272+1.31 3.01+2.29 0.700 0.410 0.500 0.230 0.200
P value comparing two insoles 0.030"
Hind foot Semi-custom  2.20 £1.35 2.34+1.48 3.00 £ 0.57 0.460 0.140 0.700 0.150 0.270
Custom 2.18+1.20 2.31+1.29 3.01+2.29 0.460 0.110 0.500 0.130 0.200
P value comparing two insoles 0.150

P <0.05
Data are presented as mean + standard deviation (SD)
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After six weeks of using insoles, there was no
significant difference in the average pressure
distribution level in the plantar foot of both groups, as
shown in figure 2 (P = 0.810).

Semi-custom Custom

170 A

165 - \

160 -

155 A

Mean

150 -

145 -

140

Immediate after use Six weeks late

Figure 2. Average surface, including the plantar of
the foot, after using insoles

The study found that using customized insoles did
not significantly impact the average pressure
distribution level throughout the plantar foot compared
to semi-customized insoles (P = 0.120). Additionally,
there was no significant difference in the average
pressure distribution level in the forefoot between the
two groups six weeks after using the insoles (P =
0.850). However, custom insoles significantly
decreased the average pressure distribution level in the
forefoot compared to semi-customized insoles (P =
0.030).

Discussion

This study aimed to compare the effects of
customized and semi-customized insoles on the
biomechanical indices of children's feet with flexible,
flat feet. Insoles are used to increase the contact
surface and support the arch, which helps distribute
the load across different positions and areas of the
sole. When the feet are not functioning correctly, the
plantar pressure distribution of weight can be
abnormal, leading to unsafe walking. Previous studies
have reported abnormal pressure distribution on the
plantar surface of patients with flat feet (20, 21).
Research has shown that custom insoles result in
different plantar pressure distribution than semi-
custom insoles (22, 23).

However, this study found no significant
difference between the two types of insoles. In
Khodaei et al.'s study, customized insoles increased
the pressure under the external toe area (17). In
contrast, both insoles increased the pressure and
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surface area in the medial part of the foot. This study
also found an increase in midfoot pressure in the
customized insole, consistent with Khodaei et al.'s
research. However, their customized insoles were
designed using only a two-dimensional (2D) scanner,
while this study used a pressure scanner inside the
shoe to measure plantar pressure.

Khodaei et al.'s research found that using a pair of
semi-custom and custom CAD-CAM insoles helped
reduce pressure under the second to fifth metatarsals
and the heel area (17). The results of this study were
similar to Khodaei et al.'s research, but this change
was not significant in the present study. This could be
due to the type of scanner used in this study, which
was only 2D. Two insoles increased the pressure in
the inner part of the midfoot, but the customized
insole had higher midfoot pressure, consistent with
Khodaei et al.'s research. However, the change in the
level of inclusion in this area was insignificant.

In the intra-group comparison, the contact areas of
the intervention and control groups in the sixth week
were more than the immediate intervention. One of
the main mechanisms of plantar impaction is the
change in midfoot pressure. The findings of this study
were consistent with previous studies that showed
that customized insoles caused a significant increase
in pressure in the middle of the foot compared to
semi-customized insoles (24-26). The alignment of
the results was attributed to measuring the plantar
pressure, which was done using a pressure measuring
plate and with bare feet in both studies, even though a
3D printer was used to manufacture custom insoles.

Insoles are wused to support the internal
longitudinal arch of the foot and improve its
condition. Customized insoles were more effective in
enhancing the internal longitudinal arch structure.
They increase the maximum pressure in the midfoot,
which exerts more force. Over time, the maximum
pressure in the plantar foot increased after six weeks,
indicating the corrective force applied to the sole.
Both customized and semi-customized insoles
reduced the area surrounding the forefoot, but custom
insoles were found to be more effective (22). This
may be because custom insole manufacturing causes
the reconstruction of the transverse arch, which
results in less contact between the forefoot and the
sole.

The study found no significant difference between
customized and semi-customized insoles regarding
pressure and contact surface in the hindfoot area.
Previous research has shown that the heel area is
exposed to the most pressure on the foot (27, 28).
Custom insoles were found to result in less heel
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pressure, which may be due to the shape and height of
the custom heel cup (22).

Limitations
Fourteen patients did not go to the center for the
second test due to the spread and peak of the
widespread and dangerous coronavirus disease 2019
(COVID-19) and the fear of infecting the child.

Recommendations

Choosing an advanced, uniform, and stable method
for designing and making medical insoles for children
with flat feet is essential. To achieve this, it is
suggested that the current research be conducted with
the help of scanners or other related design software.
Additionally, further extensive research is needed to
investigate the long-term effects of wearing insoles
and changes in joint mechanics.

Conclusion
Although both custom-made insoles using CAD-
CAM and semi-customized insoles were effective in
biomechanical effects, such as plantar pressure of
children with flat feet, custom-made insoles showed a
more significant impact.
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