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Abstract
Background Flexible flat foot or pes planovalgus is a common foot deformity, and silicone and customized insole are com-
monly used as a non-operative treatment modality of flexible planovalgus. However, there are inadequate data and limited 
evidence available regarding the immediate effects of their use in midfoot and hindfoot of adults. The aim of this study is to 
quantify and compare the radiological parameters immediately on weightbearing with silicon and customized insoles and 
without them to assess the effect on midfoot and hindfoot of the flexible planovalgus in adults.
Methods A total number of 11 (8 females and 3 males) subjects with flexible pes planovalgus deformity without any other 
foot deformity were included in the study. Each patient was assessed three times in a random sequence without and with 
use of either silicon insoles or customized insole. The radiographic parameters without insole, with silicon insole, and with 
customized insole conditions were calculated using online available computer software Kinovea.
Results One-way ANOVA analysis was performed between groups (without insole, with silicone insole and with custom-
ized insole). The hindfoot parameters depicted that calcaneal inclination angle (CIA) was significant increased (P = 0.000) 
and talar declination angle (TDA) was significantly decreased (P = 0.003) only with the use of customized insole compared 
to without insole. The midfoot parameters depicted that the first metatarsal angle (FMA) and talonavicular coverage angle 
(TCA) were significantly lower with customized insole (P = 0.00) as compared to other two groups and significantly lower 
with silicone insole (P = 0.00) as compared to without insole group.
Conclusion The results imply that the compressibility of the insole material affects the forefoot and hindfoot biomechanics 
differently. This study concludes that silicone insole affects only the midfoot which bears 45% of bodyweight and customized 
insole affects both midfoot and more importantly the hindfoot which bears 55% of bodyweight.
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Introduction

The foot is a complex structure that plays an important role 
in support, balance and propulsion. Pes planus (flatfoot) is 
one of the most common foot’s deformities observed in adult 
health persons. The true prevalence of flatfoot is unknown, 
primarily because there is no consensus on the strict clinical 
or radiographic criteria for defining a flatfoot. In a study of 
3619 Royal Canadian Army subjects, 15% were reported to 
have a simple hypermobile flatfoot, 6% had a simple hyper-
mobile flatfoot with a tight heel cord, and 2% had a tarsal 
coalition [1]. Flexible flatfoot is defined as a foot deformity, 
in which the medial longitudinal arch becomes flat during 
standing and weight bearing position where the foot is in 
valgus, external rotation and dorsiflexion relative to the talus 
[2, 3]. Flatfoot deformity is classified into two subtypes, 
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rigid and flexible [4]. Flexible flatfoot is characterized by a 
normal arch during non-weight bearing and a flattening of 
the arch during stance. Conversely, a rigid flatfoot is char-
acterized by a stiff, flattened arch on and off weightbearing 
positions [5].

Various non-surgical procedures have been performed 
for the treatment of symptomatic flexible flatfoot [6]. The 
non-operative options include various exercises such as 
towel curl exercises, short foot exercises and also neuro-
muscular electrical stimulation [7, 8]. Foot orthoses are also 
frequently prescribed in non-operative treatment for the flex-
ible flatfoot. The insoles with arch supports are available in 
both silicon or customized form made of various materi-
als. Silicon arch supports are a commonly used treatment 
option as it is readily available and cost-effective. Some of 
these are medially posted silicon arch supports [9], Sofsole 
insoles [10], Orthofeet Biothotics [11] and commercially 
available silicon-filled arch supports. The different materials 
used for fabricated customized arch supports include ethyl 
vinyl acetate (EVA), polypropylene, and polyurethane. Hsieh 
reported that children with flexible flatfoot who wore cus-
tomized EVA insoles with arch support for 12 weeks exhib-
ited significantly improved pain/comfort, physical health, 
stair ascent time, upper extremity and physical function, and 
transfer and basic mobility [12]. Various other studies report 
that insoles with medial arch supports promote radiographic 
improvement in pediatric flexible flat foot [13] as well as 
other beneficial effects [14–16].

There are various diagnostic techniques used for assess-
ment of flatfoot. These include various visual means like the 
tiptoe examination and shoe inspection test and documen-
tation by wet footprint test. Magnetic resonance imaging 
(MRI) and computed tomography (CT) [17] also help in 
the diagnosis of flatfoot but these are unfortunately quite 
expensive as compared to other easily available methods. 
Radiographs of the foot are commonly used to evaluate 
adult foot deformities with specific radiographic indices 
to quantify them. The reliability of these indices in normal 
subjects or subjects with specific diseases has been reported 
by Evans et al. [18]. The lateral and anteroposterior radio-
graphic views in weightbearing conditions help to assess 
arch collapse. Radiographic indices such as navicular index, 
calcaneal inclination angle, talar declination angle, first met-
atarsal angle and talonavicular coverage angle are standard 
methods to determine the magnitude of pes planus [19]. As 
compared to other investigations, radiological assessment 
of the foot is continued to be used universally [20] due to its 
low cost and ease of availability.

During the gait cycle when bodyweight is transferred on 
the foot, the pressure is distributed more on the hindfoot 
bones of talus and calcaneus (approximately 55%) com-
pared to the midfoot tarsal and forefoot metatarsal bones 
[21]. There is a paucity of data regarding the evaluation 

of differential distribution of body weight on the foot in 
people having flexible pes planovalgus with the use of dif-
ferent types of insoles. There is a lacuna in the literature 
regarding analysis of the immediate effect of weight bearing 
using customized and silicone insoles on the midfoot and 
hindfoot kinematics in flexible pes planus. The calcaneal 
inclination angle and talar declination angle are measured 
to analyze hindfoot kinematics, while the first metatarsal 
angle and talonavicular coverage angle assess the midfoot 
kinematics on weight bearing with and without insoles. This 
study was designed to determine the quantitative kinematic 
comparison of the immediate effect of weight bearing using 
customized and silicone insoles on the midfoot and hindfoot 
in persons with flexible pes planovalgus deformity for bet-
ter treatment options. Based on previous studies that report 
a positive effect in the pes planovalgus [9, 12, 14–16], this 
study hypothesizes that both types of insoles would show the 
positive effect in order to correct the midfoot and hindfoot 
angles in the pes planovalgus. The silicon insole used in this 
study was an off the shelf commercially available insole, 
with the material composed entirely of silicon. In contrast, 
the customized insoles were fabricated with polypropylene 
sheet, covered with ethaflex sheet. This study employed a 
modified casting procedure for customized insole, which is 
explained in “Methods”.

Methods

Participants

The institutional review board approved this study. The 
study group members included an orthopedic surgeon who 
marked the appropriate points on the radiographs for subse-
quent calculation of various angles using a computer soft-
ware Kinovea (0.8.15) version in degree. Kinovea is a video 
player used for sports analysis, available as an open source 
and is entirely free of cost. It provides tools to capture, slow 
down, study, compare, annotate, and measure technical per-
formances. It is organized around four core missions related 
to studying human motion: capture, observation, annotation 
and measurement. The software easily measures distances 
and angles using line, angle and goniometer tools.

After informed consent, adult subjects who visited the 
study center with flexible pes planus were selected in whom 
the medial longitudinal arch of their foot in a non-weight 
bearing sitting position disappeared on weight bearing 
standing position [22]. Among them, the inclusion criteria 
were restricted to cases where the navicular index [23], had 
a value of more than 6.7407 [19]. Subjects excluded from 
the study were those with a history of foot injury or surgery; 
foot abnormalities affecting locomotion or foot mobility; 
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developmental delays such as developmental coordination 
disorder and neurological deficits, and rigid flat foot.

A total number of 11 subjects (10 bilateral and 1 unilat-
eral) were included in the study, out of which 3 were male 
and 8 female, between the age of 18 to 38 years with an 
average age of 20.63 ± 2.69 years and a mean body weight 
of 62.09 ± 3.13 kg as shown in Table 1. The silicon and cus-
tomized insoles were given to the subjects randomly (Fig. 1). 
A commercially available silicon insole was selected based 
on the patient’s foot size, which consisted of a flat sili-
cone insole and an appropriate sized silicone piece pasted 
at the site of the medial arch. The customized insole was 
made using a specific casting procedure (explained in sub-
section fabrication of customized insoles) and draping the 

polypropylene sheet (2 mm) and ethaflex foam (3 mm) over 
the modified mould of the foot. Each subject was assessed 
in a random sequence under three different conditions; with 
the use of silicone insole, customized insole and without any 
insole. A prospective parallel group design was conducted to 
analyze the difference in radiographic parameters between 
these three groups.

Protocol of Study

Radiographs (X-ray) were taken, both anteroposterior and 
medial–lateral views in weight bearing position. Each indi-
vidual performed all the three steps (without insole, with 
silicone insole and with customized insole) under constant 
supervision, and the data were recorded vigilantly. The 
data collection was carried out in a safe visual and acoustic 
environment. Before carrying out the process, the subjects 
were given 4–8 min to be prepared for the radiographs. The 
required radiographic views (anteroposterior and medial–lat-
eral) were thoroughly explained to the subjects for acquiring 
accurate information. The subjects were not under any stress 
or anxiety during the entire process. The radiographs were 
taken after proper shielding of the torso with a lead apron.

Fabrication of Customized Insoles

The standard casting procedure consists of an initial nega-
tive mould made of plaster of Paris bandages on the plantar 
surface of the foot in the non-weight bearing position with 
the hindfoot locked in a neutral subtalar position with the 
midtarsal joint pronated [24]. The negative mould is sub-
sequently used to create a ‘positive mould’ of the foot with 

Table 1  Demographical data of subjects with flat foot

S. no. of 
subject

Age (years) Gender Weight (Kg) Navicular 
index

1 21 Male 60 8.3705
2 17 Female 63.5 8.4341
3 24 Female 61 7.3201
4 25 Female 59 11.0606
5 21 Male 62 8.4241
6 21 Female 67 8.5361
7 19 Female 65 7.7983
8 21 Female 60 6.7794
9 23 Female 62 8.9531
10 17 Female 66.5 8.3990
11 18 Male 57 7.8691
Mean ± SD 20.63 ± 2.69 62.09 ± 3.13 8.35 ± 1.08

Fig. 1  Left, silicon insole and, right, customized insole
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plaster of Paris and the medial arch is carved by remov-
ing the plaster at the site of the arch. The distance between 
the proximal edge of the first metatarsal head to the medial 
process of calcaneus represents the length of the arch. The 
distance from the most inferior aspect of the navicular bone 
to the horizontal supporting surface represents the height of 
the medial longitudinal arch [19]. This standard technique 
of carving of the medial arch is subject to error.

To reduce this error while creating a positive mould, a 
modified casting procedure was employed for the fabrica-
tion of a customized insole. This procedure is based on the 
knowledge of the ‘windlass mechanism’ that occurs during 
the late stance phase of the gait cycle due to the dorsiflexion 
of the metatarsophalangeal joint, which produces winding of 
the plantar fascia around the metatarsal head (or drum of the 
windlass). This winding of the plantar fascia pulls on the cal-
caneus, shortens and raises the arch [25]. A similar windlass 
mechanism was created during the casting procedure and 
the metatarsophalangeal joint was dorsiflexed during cast-
ing to create an arch along with plantar flexion of ankle joint 
(Fig. 2). Plantarflexion supinates the subtalar joint, which 
reduces the navicular drop and raises the arch [25]. This 
casting procedure generates an appropriate arch within the 
negative mould and reduces human error for carving the arch 
on a positive mould. Finally, the malted polypropylene sheet 
was draped on the positive mould to fabricate the insole and 
covered with an ethaflex sheet.

Parameters

The data were analyzed for determining the value of the 
following parameters, i.e., without the insole, with silicon 
insole and with customized insole:

1. Navicular index (NI) [19]: navicular index is equal to 
the truncated foot length divided by the longitudinal 
distance of the inferior surface of the navicular from 

the horizontal line of truncated foot length, as shown 
in Fig. 3. The navicular index below 6.7407 up to 5.48 
defines a normal arch and above 6.7407 defines a patho-
logical arch of flatfoot [19]:

2. Calcaneal inclination angle or calcaneal pitch angle 
(CIA) [26]: CIA is an angle measured in the lateral view 
of a radiograph between the calcaneal inclination axis 
and the supporting surface and reflects the height of the 
foot framework and is also known as calcaneal pitch 
angle, as shown in Fig. 4a. In a normal arch of a foot, the 
CIA is 20–30° and this angle is increased in pes cavus, 
while it is decreased in pes planus.

3. Talar declination angle (TDA) [27]: TDA is the angle 
measured in the lateral view of a radiograph between 
a line bisecting through the body and neck of the talus 
and the supporting surface (normal approximately 21°), 
as shown in Fig. 4b. TDA is increased in pes planus and 
decreased in pes cavus.

4. First metatarsal angle or Meary’s Angle (FMA) [28]: 
FMA is the angle between a line drawn from the centers 
of longitudinal axes of the talus and the first metatarsal, 
in the lateral view of a radiograph as shown in Fig. 5a. 
The angle would be approximately 0° in a normal foot 
and an angle of up to 15° is considered to represent a 
mild pes planus; 15–30°, a moderate pes planus.

5. Talonavicular coverage angle (TCA) [29]: TCA is 
defined as the angle created by a line connecting the 
most medial and most lateral aspect of the articular 
surface of the navicular and a line connecting the most 
medial and most lateral articular surface of the talar head 
at the talonavicular joint in the anteroposterior view of a 
radiograph as shown in Fig. 5b. An angle of greater than 
7° indicates lateral talar subluxation.

Navicular Index =
Truncated foot length (TFL)

Longitudinal distance of the navicular (LDN)

Fig. 2  Procedure for fabrication of customized insole
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Fig. 3  Medio-lateral view of the radiograph showing navicular index (navicular distance/truncated foot length)

Fig. 4  Hind foot parameters: a medio-lateral view of the radiograph showing calcaneal inclination angle (CIA). b Medio-lateral view of the 
radiograph showing talar declination angle (TDA)

Fig. 5  Mid-foot parameters: a medio-lateral view of the radiograph showing Meary’s angle (first metatarsal angle). b Anterio-posterior view of 
the radiograph showing talonavicular coverage angle (TCA)
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Statistical Analysis

The statistical analysis was conducted using SPSS soft-
ware (Version 21). One-way ANOVA analysis was per-
formed between groups (without the insole, with silicone 
insole and with customized insole) compression, and the 
post hoc Bonferroni test was also performed within the 
group comparison.

Results

Navicular Index (NI)

The mean ± SD value of the navicular index was found 
8.35 ± 1.08 in without insole group, whereas 7.64 ± 1.05 
in silicone insole group, and 6.78 ± 0.61 in the customized 

Fig. 6  Comparison result of post hoc Bonferroni test between without insole, with silicon and with customized insole. a Nevicular index, b cal-
caneal inclination angle (CIA), c talar declination angle (TDA), d first metatarsal angle (FMA), and e talonavicular coverage angle (TCA)
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insole group. The ANOVA showed a significant difference 
[F(2,30) = 8.447, P = 0.001] between the navicular index of 
the groups. Post hoc (Bonferroni) test showed that the navic-
ular index was significantly lower with customized insoles 
than without insole (P = 0.001), as shown in Fig. 6a.

Calcaneal Inclination Angle (CIA)

The mean ± SD value of the calcaneal inclination angle 
was found 16.90 ± 1.81° in without insole group, whereas 
19.18 ± 1.94° in silicone insole group, and 20.90 ± 2.16° in 
the customized insole group. The ANOVA showed a sig-
nificant difference [F(2,30) = 11.308, P = 0.000] between the 
CIA of the groups. Post hoc (Bonferroni) test showed that 
the CIA angle was significantly higher with silicone insole 
(P = 0.03) and with customized insole (P = 0.00) than with-
out the insole, as shown in Fig. 6b.

Talar Declination Angle (TDA)

The mean ± SD value of the talar declination angle was 
found 26.00 ± 4.69° in without insole group, whereas 
24.36 ± 2.54° in the silicone insole group, and 21.09 ± 1.04° 
in the customized insole group. The ANOVA showed a sig-
nificant difference [F(2,30) = 6.978, P = 0.003] between the 
TDA of the groups. Post hoc (Bonferroni) test showed that 
the TDA was significantly lower with customized insole 
(P = 0.003) than without the insole, as shown in Fig. 6c.

First Metatarsal Angle (FMA)

The mean ± SD value of the first metatarsal angle was found 
11 ± 1.18° in without insole group, whereas 8.18 ± 0.75° in 
the silicone insole group, and 6.54 ± 0.68° in the custom-
ized insole group. The ANOVA showed a significant dif-
ference [F(2,30) = 68.769, P = 0.000]) between the FMA of 
the groups. Post hoc (Bonferroni) test showed that the FMA 
was significantly lower with customized insole (P = 0.000) 
than with silicone insole and without the insole, as shown 
in Fig. 6d.

Talonavicular Coverage Angle (TCA)

The mean ± SD value of the talonavicular coverage angle 
was found 9.0 ± 09° in without insole group, whereas 
7.63 ± 0.80° in the silicone insole group, and 6.18 ± 0.87° 
in the customized insole group. The ANOVA showed a sig-
nificant difference [F(2,30) = 36.571, P = 0.000] between 
the TCA of the groups. Post hoc (Bonferroni) test showed 
that TCA was significantly lower with customized insole 
(P = 0.000) than with silicone insole and without the insole, 
as shown in Fig. 6e.

Discussion

The purpose of this study was to evaluate the immediate 
effect of weight bearing on the arch of subjects using insoles 
(customized and silicon) in subjects having flexible pes 
planovalgus and compare the difference without insole and 
with each of the two insoles using radiographic parameters. 
This study found that customized insoles provide better cor-
rective changes to pes planovalgus angles than silicon insole. 
This indicates that using a customized foot insole influences 
the radiological parameter in weightbearing better than a 
silicon insole.

The immediate effect of weight bearing on the navicular 
index (NI), calcaneal inclination angle (CIA), talar declina-
tion angle (TDA), first metatarsal angle (FMA) and talo-
navicular coverage angle (TCA) with customized insole 
showed positive changes as reported by Sinha et al. [30]. 
The CIA increased, while the NI, TDA, FMA and TCA 
decreased when the medial arch support was placed under 
the flat foot. The customized insole significantly increased 
the CIA and decreased the NI and TDA compared to without 
insole. The FMA and TCA were significantly decreased with 
both silicon and customized insoles. The result shows that 
the silicone and customized insole improve the arch height 
[31–35] by correcting the midfoot and hindfoot radiological 
parameters. The finding of this study implies that the medial 
arch support made of flexible material like silicone improves 
the medial arch by altering midfoot’s radiological param-
eters (enhancing the 1st metatarsal height and increasing 
the talonavicular coverage area), which correspond to 45% 
weight of body [21]. However, the customized rigid insole 
improves the medial arch by altering hindfoot’s radiological 
parameters (increasing CIA and decreasing TDA) along with 
midfoot’s radiological parameters, which correspond to 55% 
weight of body [21]. Thus, to summarize, silicone insoles 
affect only the midfoot whereas customized insoles affect 
both mid and hindfoot. This result rejects the hypothesis that 
both insoles affect mid and hindfoot angles.

According to Hsieh [12] study, children with flexible flat-
foot who wore customized arch support insoles for 12 weeks 
to maintain the subtalar joint in the neutral position exhib-
ited significantly improved pain/comfort, physical health, 
stair ascent time, upper extremity and physical function, 
and transfer and basic mobility. Our study was conducted in 
adults due to the ethical issue of radiation exposure in chil-
dren. Our study was designed to study the kinematic effect 
of weight bearing with different insoles which is likely to 
relieve foot pain, and a longitudinal study in future would 
need to be designed to assess the pain factor. Sinha et al. [30] 
correlated various foot angles and their respective American 
Orthopaedic Foot and Ankle Society (AOFS) scores for pain 
and their effectiveness of a medial arch insole and concluded 
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that medial arch support orthosis significantly improved 
AOFS scores.

A systematic review by Banwell [32] on foot orthoses for 
adults with flexible pes planus showed that in 59 studies, 
relevant outcome measures were reported with 17 calculated 
as statistically significant large or medium effects with the 
use of foot orthoses compared without them. The review also 
showed low-level evidence that foot orthoses improve pain, 
reduce rearfoot eversion, alter loading and impact forces and 
reduce rearfoot inversion and eversion moments in flexible 
pes planus. Our study contributes to evidence of altering 
loading and rearfoot inversion and eversion moments.

Overall, the availability of different commercially avail-
able silicon material in the rigid and flexible forms may 
differ the result. Generally, the pediatric population is the 
focus group for evaluating the changes in flexible pes planus 
rather than the adult population [13]. In addition, it is easier 
to choose silicon insoles or off the shelf orthoses because 
they are easily available and less expensive than customized 
insoles that take longer to fabricate and are more expensive. 
Therefore, there is less evidence of comparing the silicon 
and customized insoles through radiographical foot angles. 
The limitation of this study is: (i) children were excluded 
due to radiation exposure; (ii) subjects were not blinded dur-
ing the complete evaluation process; hence, they were aware 
of what kind of insoles they were tested; (iii) since the X-ray 
generator is a stationary machine limited to a certain room, 
only static radiographs were taken; and (iv) the sample size 
is small due to COVID-19 pandemic.

Though radiographical angles were used to determine the 
immediate changes during weight bearing using different 
insoles, other factors such as pain, comfort, subject prefer-
ence, and availability may also be needed to be considered in 
future studies. The comparison between insoles of different 
materials other than silicon can also be carried out in future. 
Rather than immediate changes, a long-term effect may be 
assessed in future.

Conclusion

This study implies that the rigidity of the insole is also a fac-
tor in the effect of foot orthosis for pes planus. The results 
indicate that the compressibility of the insole material affects 
the forefoot and hindfoot biomechanics differently. Flexible 
medial arch support (silicone insole) increases the first met-
atarsal height with enhanced talonavicular coverage area, 
which is likely to alter the normal 45% of the weightbearing 
forces which occur in forefoot and midfoot. The customized 
rigid insole increases the CIA and decreases the TDA pro-
viding additional improvement of the hindfoot biomechanics 
where normally 55% of bodyweight is distributed. There 

was a radiological improvement on immediate weightbear-
ing with the use of customized insole compared to silicone 
insole, particularly in the hindfoot. This study concludes 
that the medial arch of the foot is not equally maintained by 
silicone and customized insole, since silicone insole affects 
only the midfoot and customized insole affects both mid-
foot and more importantly the hindfoot which bears 55% of 
bodyweight.
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