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ABSTRACT

EI9TETE One of the significant causes of foot pain is plantar fasciitis. The use of medical insoles is a
conventional treatment for this condition. The purpose of this study was to compare the effect of the

Received: 19 Jun 2019 © customized insole with the CAD-CAM and conventional insole on pain, symptoms, daily activity, exercise
Accepted: 09 Dec 2019 ¢ and recreational activity, and quality of life in patients with PF.
Available Online: 01 Jul 2020 WIEIEHEISAE GG E This quasi-experimental study was performed on 14 patients with plantar fasciitis

(five women and nine men) with the mean age of 40 years. Fourteen patients have been diagnosed
with orthopedic pain after being diagnosed with plantar fasciitis according to inclusion criteria. Diagnosis
of the complication of plantar fasciitis by orthopedic physician, Patients with flexible flat foot. No neu-
rological disorders or any foot pathology such as diabetes and osteoarthritis. Patients were randomly
assigned into two groups of 7 using customized insole with CAD-CAM and conventional (prefabricated)
insole. From the outset it was found to be one of two types of insole to be studied: first the patient was
given a CNC insole, and the other 13 patients received the same insole and divided into two groups.
The instrument of this study was the FAOS questionnaire (foot and ankle outcomes) which measures
the five variables of pain, symptoms, daily activities, sports and recreational activities, and quality of
life. Both groups completed the questionnaire before using the insole and again after six weeks. Com-
pressive scan of both groups was accomplished using EMED foot pressure system. The custom-made
insole was designed using Rhino Cross software and then shaved using EVA foam blocks with 50% shore
using a CNC machine. In the conventional insoles group, patients received conventional polyurethane
insoles based on the length measurements of the single leg. Patients completed the questionnaire again
after six weeks. Data were analyzed by SPSS software v. 22. After checking the normality of the data by
Shapiro-Wilk test, non-parametric Mann-Whitney and Wilcoxon tests were used to analyze the data.

[(EENTE In the pre-intervention phase, there was no significant difference in pain, symptoms, daily ac-
tivities, recreational-sports activities, and quality of life in the two groups, and the two groups were
homogeneous. After six weeks, there was a significant difference between the two groups in the FAOS
questionnaire (P<0.05). There was no significant difference between the two groups in pain score, symp-

Keywords: © toms, daily activities, recreational-sport activities, and quality of life (P <0.05).

Plantar fasciitis, CAD-  : [T According to the results of this study, both customized insoles with CAD-CAM and conven-
CAM, Insoles, Pain, ¢ tional insoles are effective in improving FAOS questionnaire subscales. There was no significant differ-
Quality of Life ©  encein the impact between the two types of insoles in foot and ankle.
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Extended Abstract

Introduction

lantar fasciitis is defined as inflammation or

destructive changes in the plantar fascia. Pain

and stiffness in the soles of the feet are often

a common symptom of the disease, which is

often felt when standing after a long period of
sitting or sleeping. This complication has a negative effect on
foot function and limits a person’s daily activities [1, 2]. In
general, 10% -15% of people in the world suffer from plantar
fasciitis [1, 2].

Surgical and non-surgical treatments are available for
this complication which among non-surgical interventions,
orthotic (protective) treatments are widely used to treat
plantar fasciitis [3]. Among orthotic treatments, custom-
made insoles and prefabricated insoles are significantly
prescribed in the treatment of plantar fasciitis [4]. Both
custom-made and prefabricated insoles are effective in re-
ducing pain and increasing patient function, but there are
conflicting studies about the superiority of custom-made
insoles and prefabricated insoles [5].

In these studies, the effect of custom insole with Computer-
aided Design-Computer-aided Manufacturing (CAD-CAM)
device in the treatment of patients with plantar fasciitis was
not investigated [6]. In a review study, it was shown that
computer insole fabrication is a valid method that can be
used in the field of medical insole fabrication to achieve the
best fit between the insole and the patient’s foot [ 7]. Custom-
made medical insole is a factor that is directly related to the
proper placement of the insole in the sole of the foot and is
associated with reducing the amount of damage to the sole of
the foot [8]. The main purpose of using this type of medical
insole is to change the pressure distribution of the sole of the
foot from a specific point to a wider surface [9, 10].

Insoles made by CAD-CAM method reduce the force ap-
plied to high pressure areas through full contact with increas-
ing the level and it was shown during the studies that the
mentioned insole reduced the pressure of high-risk points
for diabetic wounds [11]. Recent studies have also shown
that computer-made insoles reduce pain in people with flat
feet [12]. Another study that examined the effect of custom-
made insoles made by CAD-CAM method in people with
pes cavus foot, the use of this insole was said to reduce the
pain of these people due to the proportional distribution of
pressure and force distribution from the heel [13].

Considering the reviewed studies and the significant prev-
alence of plantar fasciitis and its negative impact on patient
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performance and activity and due to the fact that in these
studies, the effect of the insole made by CAD-CAM meth-
od in people with plantar fasciitis has not been studied and
Reports of other complications, such as diabetes and flat
feet, suggest that custom-made insoles distribute pressure
evenly across high-risk areas, therefore, in this study, we re-
viewed and compared the custom insole made by computer
method with the prefabricated insole [14].

Materials and Methods

This quasi-experimental study was performed in 2018 in
the medical centers of Tehran University of Social Welfare
and Rehabilitation Sciences on 14 patients with plantar fas-
ciitis (five women and nine men) with an average age of 40
years. The inclusion criteria of the research were being aged
25-45 years, diagnosis of plantar fasciitis by an orthopedist,
existence of flexible flatfoot complication, no neurological
disorders or any pathology in the foot such as diabetes and
osteoarthritis and lack of surgery on the lower limb joints in
the past month and the ability to walk independently with-
out an aid [11, 15-18]. Exclusion criteria were people with
a history of surgery on the plantar fasciitis and patients were
also excluded from the study if insoles were not used during
the study and if they were professional athletes [18].

The tool used to measure the variables of symptoms, pain,
daily activities, sports and recreational activities and qual-
ity of life before and after the test was the Foot and Ankle
Outcome Score (FAOS) questionnaire. The scoring of this
questionnaire was from 0 to 100, which 0 refers to the worst
situation and 100 refers to the best situation.

After the diagnosis of plantar fasciitis by an orthopedist
and the evaluation of the patient by an orthopedist and pros-
thetist based on the reported history (for example, the first
step is accompanied by pain in the leg area), clinical tests
(such as local pain when touched in the anterior-internal part
of the heel tuberosity) or pain during plantar fasciitis of pa-
tients if they meet the inclusion criteria to enter the study,
14 patients were assigned by non-probability simple (avail-
able) method and were randomly divided into two groups
of 7 using custom insole with CAD-CAM device and using
conventional (prefabricated) insole group. Patients were ini-
tially given a FAOS questionnaire to determine their pain,
symptoms, daily activities, sports and recreational activi-
ties, and quality of life before using the insole. Then, in both
groups, the necessary measurements were performed on
each person’s foot. The map of each person’s foot was taken
in equal weight bearing condition on both feet and the pa-
tients were scanned by EMED Foot Pressure scanner [19].
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Figure 2. Prefabricated insole Rehabilitation

In the group of patients selected to make custom insoles
for by CAD-CAM method, after taking a compression scan
of the patient’s foot, the compression scan information of
each patient was evaluated separately. Then, based on the
scan report in these patients, a custom-made insole was de-
signed for each patient separately using Rhinoceros com-
puter software by the therapist. In the next step, the data
obtained from the design in the form of a set of codes called
G-code, was given to the CNC (Computer Numerical Con-
trol) machine made by Paya-Fanavaran Company and as
can be seen in Figure 1, the medical insole was shaved on a
foam block made of ethyl vinyl acetate with 50% saline. The
height of the longitudinal-internal arch in the custom-made
insole was considered to be 15 mm [20]. The length of the
medial longitudinal arch was also calculated based on the
size of the patient’s foot from the talus to the first metatarsus
[21]. The width and length of the metatarsal pad were also
based on a study by Hastings et al. [10] and based on the
foot size of each patient, the length of the metatarsal pads
were chosen to be between 65-75 mm and their width were
between 63-51 mm and their height were between 9-11 mm
and they were made based on these dimensions [22].

In the second group, conventional insoles were pre-
pared based on the measurement of each person’s foot.
The mentioned prefabricated insole is made of polyure-
thane and has a longitudinal-inner arch and metatarsal
pad (Figure 2). Patients in both groups were then asked
to put insoles inside their shoes. To avoid discrepancies in
shoes, patients were asked to provide shoes with laces and
appropriate size that have a suitable space in the front of
the foot and after the patients’ shoes were approved by the
therapist, both groups of patients were told to use insoles
for 7-10 hours every day while working and walking out-
doors for 6 weeks. At the end of the treatment period, the
patients were given the questionnaire again to re-report
the studied variables. Then, we calculated the score relat-
ed to each of the sub-scales of the questionnaire according
to its formula in the questionnaire guide, before using the
insole and after using the insole for each individual.
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Figure 1. Custom made insole Rehabilitation

The final scores of both groups at the time before the
study and also 6 weeks after the study, which were obtained
from the questionnaires completed by individuals, were en-
tered into SPSS software V. 22. After calculating the mean
scattering indices and standard deviation and measuring the
normality of the data using Shapiro-Wilk, Mann-Whitney
U and Wilcoxon tests were used to evaluate the data.

Results

The study was performed on 14 patients with plantar fas-
ciitis who referred to the clinic that half of them were stud-
ied by conventional insole and the other half by custom in-
sole made using CAD-CAM device. The Mean+SD age of
patients in the custom-made insole group was 40.14+5.98
years and the Mean+SD of patients in the conventional in-
sole group was 37.86+5.58 years. The Mean+SD of BMI of
patients in the custom-made insole group was 26.07+1.76
and the Mean+SD of BMI of patients in the conventional
insole group was 27.04+2.46.

First, the 5 main factors of FAOS questionnaire includ-
ing pain, symptoms, daily activities, sports and recreational
activities, and quality of life in patients with plantar fasciitis
were evaluated separately in both types of insole groups
and finally, we compared all the factors between the two
insole groups. The scoring of FAOS questionnaire factors
was such that the higher the score, the more desirable and
the lower, the more undesirable.

According to Table 1, which is the result of Wilcoxon sta-
tistical test, it can be seen that the rate of improvement of
pain, symptoms, daily activities, sports and recreational ac-
tivities, and quality of life before and after 6 weeks of using
custom-made insoles was significant.

According to Table 2, which is the result of Wilcoxon sta-
tistical test, it can be seen that the rate of improvement of
pain, symptoms, daily activities, sports and recreational ac-
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Table 1. Evaluation of the scores of the subscales evaluated in patients of the custom-made insole group

M eaniSD

Significance Level Before and After

Custom-made Insole

Before Intervention After Intervention Intervention
Pain 50+20.7 71.03+16.96 0018
Symptoms 45.92410.6 58.3+16.96 0.028
Daily activities 56.51+22.65 75.63+15.18 0018
St re;:"sa“"“a' activi- 33.57428.97 62.14+20.18 0.018
Quality of life 38.39+26.86 44.64+28.05 0.038
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Table 2. Evaluation of scores of subscales evaluated in patients of conventional insole group

MeanSD

Significance Level Before and

Custom-Made Insole
Before Intervention

After the Intervention
After Intervention

Pain 69.44+14.25

Symptoms 47.96+13

Daily activities 71+18.94
Sports and recreational activities 49.29+30.74
Quality of Life 32.14+15.06

81.34+11.08 0.017
59.18+7.95 0.05
87.39+11.42 0.018
73.57+14.35 0.018
45.54+11.81 0.027
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Table 3. Comparison of the evaluated subscales between the two groups after 6 weeks

Subscale Significance Level After Intervention Between the Two Groups
Pain 0.0128
Symptoms 0.902
Daily activities 0.710
Sports and recreational activities 0.535
Quality of Life 0.209

tivities and quality of life before and after 6 weeks of using
the conventional insole is significant.

According to the result of Mann-Whitney test in Table 3,
we see that in the rate of improvement of pain, symptoms,
daily activities, sports and recreational activities and quality
of life after 6 weeks of using both types of custom insoles
using CAD-CAM and conventional insoles, no significant
differences were shown.

Archives of

Rehabilitation
Discussion

The results of the present study were in line with the study
of Bonanno et al. [23]. They stated that the prefabricated
insole distributes the force evenly over a wider area due to
full contact with the patient’s sole [24]. Full-length insoles
with longitudinal-internal arch reduce these forces further
by reducing the vertical forces on the heel and due to the
wider surface, they create, and as a result, the pain in this
area is reduced [25].

Shojaie S, et al. The Effect of Custom-made and Traditional Insole on Foot and Ankle Outcomes. RJ. 2020; 21(2):256-271.
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Our study was in line with the study of Michelle Drake
[26]. The author stated in this study that custom insoles re-
duced tensile stress in plantar fascia due to sufficient longi-
tudinal-internal arch height [27, 28] and as a result, pain and
disability were significantly reduced [26].

The result of the present study was in line with the result
of Burns study [13]. In the Burns $tudy, a significant im-
provement in pain was reported in a group of patients with
pes cavus. The orthosis used in this study was a custom in-
sole using the CAD-CAM system [13], insoles made with
CAD-CAM system distributed pressure peak and maxi-
mum force distribution from the heel to the inner part of
the midfoot area and were used to reduce the maximum
pressure concentration at a specific point [14]. Because the
sole of the foot is the heel and the removal of pressure from
this area helps to improve pain and increase the function of
patients with the sole of the foot, it is likely that the custom
insole made by our study also distributes the maximum
pressure from the heel.

The reduction of pain observed after using both insoles
in the present study may also be due to the support of the
longitudinal-internal arch of the foot by the insole, includ-
ing the heel area and also the support of the transverse arch
of the foot by the metatarsal pad. According to a Burns
study in 2005, these three factors also caused a proportional
distribution of plantar pressure and reduced load applied to
the heel area, followed by pain in this area [29].

The result of the present study was inconsistent with
the study of Pfeffer Glenn; in Glenn’s study, the silicone
heel as a prefabricated insole caused more pain in the heel
area than the custom insole made in this study, which was
made of polypropylene [30]. The author stated that if the
custom-made insole used more shock-absorbing material,
it might have worked better than the propylene insole to
reduce pain [31]. In the study, the author considered the
use of soft and shock-absorbing materials as the reason for
the superiority of silicone heels and stated that the propyl-
ene used is a hard material. Of course, the custom insole
made in our study was made of EVA and had less shore
than polypropylene (shore=70) [32].

In the field of daily activities and sports and recreational
activities of patients with plantar fasciitis, the custom insole
made the study by Oliveira et al. more comfortable because
it matched the patient’s foot and due to the use of soft foam
in the heel area, it was more comfortable for this part [6].
Based on the results obtained in this study, the insole re-
duced the forces applied to the heel and subsequently re-
duced the pain and improved performance [26]; we can say
that a person’s activity increases due to the reduction of heel
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pain. Also, the insole we studied improves the performance
and thus increases the activity of the person for the same
reasons as the study of Oliveira.

In a study by Roos et al., A custom insole was reported to
be a better choice in the treatment of plantar fasciitis and
was able to increase the level of performance of people with
plantar fasciitis compared to nocturnal splints [4]. In a study
by Drake Michelle et al., using a custom insole for 2 weeks
improved the performance and ability of patients with plan-
tar fasciitis [26]. In a study by Drake Michelle et al., using
a custom insole for 2 weeks improved the performance and
ability of patients with plantar fasciitis and it was reported
that using the insole with daily stretching improved its ef-
fects. In a study by Burns et al., Custom-made orthoses
were able to increase the level of performance of people
with pes cavus [13]. Novak et al. Also concluded that func-
tional orthoses compared to flat insoles (without arch) had a
significant effect on increasing the function of patients with
rheumatoid arthritis [33].

The results of the present study were consistent with the
studies mentioned above. In the prefabricated insole of the
present study, due to the presence of the longitudinal-inter-
nal arch and the inclusion of the entire surface of the foot, it
causes the distribution of force on a larger surface, followed
by removal of pressure from the heel area (which is the
source of the sole). In addition to all the items mentioned in
the prefabricated insole, the softer foam in the substrate can
be mentioned in the custom insole made by the patients in
this case, which creates a better fit.

Regarding the quality of life of plantar fasciitis patients,
Ross et al. measured the effect of insoles and night splints in
people with plantar fasciitis and in both groups, an improve-
ment in quality of life was observed [4]. In the Burns study,
orthoses improved the quality of life of people with pes ca-
vus and there was a significant difference in the quality of life
variable between the group that used orthoses and the control
group [13]. In his study, Burns compared a study group that
had a custom insole made using the CAD-CAM system with
another group that did not have an insole (a simple placebo
insole) and therefore, it can be said that it is similar to the
present study and their results are in one direction.

Conclusion

Both insoles were effective in improving all subscales of
the FAOS questionnaire (pain, symptoms, daily activities,
sports and leisure activities, and quality of life) after use for
six weeks, but comparing the two insoles numerically, de-
spite The custom insole showed more improvement using
the CAD-CAM device than the conventional insole in most
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subscales, but there was no statistically significant differ-
ence between the two insoles and both insoles improved
foot and ankle outcomes. Therefore, due to the lack of sig-
nificant differences between the two types of insoles and
their effectiveness in improving the variables mentioned in
the treatment of patients, this study suggests the use of both
types of insoles in medical centers.
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10. Foot and Ankle Outcome Scale
11. Tuberosity
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