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ABSTRACT

I9TETE In transtibial hybrid sockets, a small amount of weight is tolerated by the patellar tendon. The
spandex anti-friction pad is designed with two fabric layers that minimize the friction between them;
therefore, its use may reduce the pressure on the patellar tendon in transtibial amputees. In this study,
we aim to evaluate the effect of using spandex anti-friction pad within a transtibial hybrid socket on
the standing and walking duration, satisfaction, and pain in the patellar tendon of unilateral transtibial
amputees (UTTAs).

In this pilot study, 16 eligible UTTAs using the hybrid sockets were selected using a
convenience sampling method. The duration of standing on the prosthetic leg (using the one-leg stand-
ing balance test [OLSTP]), the duration of walking on the treadmill, pain (using the VAS), and satisfaction
with the prosthetic leg (using the orthotics and prosthetics user’s survey [OPUS]) were examined. Then,
the participants used the anti-friction pad within their prosthetic sockets for one week. After that, the
post-test assessments were conducted. The paired t-test was used for comparing variables with normal
distribution (OPUS score and duration of walking on the treadmill) and the Wilcoxon test was used for
those with abnormal distribution (VAS and OLSTP scores). The SPSS software, version 26 was used to
analyze the data.

[{EEVTE The participants showed a significant reduction in VAS score (P<0.001) and a significant increase
in the OPUS score (P<0.001) after using the anti-friction pad. Moreover, the results showed a significant
effect on increasing the OLSTP score (P<0.001) and the duration of walking on the treadmill (P<0.001).
[@TEIERT The use of spandex anti-friction pad, for reducing the pressure and friction between the sock-
et and the stump, may reduce pain and increase the satisfaction and comfort of transtibial prosthesis
users. It can also help them walk greater distances and stand on their prosthetic leg longer. However, to
¢ confirm these findings, further studies are needed.
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Introduction

he transtibial amputation is the most

common type of lower limb amputation,

whose rate is increasing due to vascu-
lar diseases such as diabetes and trauma [1]. The ratio
of transtibial amputation to transfemoral amputation is
2:1 [2]. The risk of creating ulcers and amputations in
individuals with diabetes is significantly higher than
in non-diabetic individuals. It is estimated that, every
20 seconds, an amputation is performed on a diabetic
person somewhere in the world [3]. Amputation creates
permanent disability, and the amputee requires a pros-
thesis for stability, mobility, and performing daily living
activities [4].

Socket suspension is an important factor that can affect
the mobility and walking of an amputee. The suspen-
sion system is an important component of the transtibial
prosthesis, responsible for holding the prosthesis on the
residual limb during the swing phase of gait. Consider-
ing the importance of the prosthetic suspension systems
in the rehabilitation process, selecting an appropriate
suspension system based on the functional needs and
expectations of amputees is a significant step [5, 6].
There are some complications caused by a weak suspen-
sion system, including pain, skin ulcers, and abnormal
walking due to piston movement (the vertical move-
ment between the socket and the residual limb during
the stance and swing phases of gait). This may lead to
reduced satisfaction and comfort for the amputee [11-
14]. These complications can lead to a decrease in the
walking ability of amputees. This factor has always
been an important factor for the rehabilitation team in
assessing an individual’s potential for walking with a
prosthetic leg [15, 16]. To address these issues, the inter-
face between the prosthetic socket and the residual limb,
which is made from various materials such as silicone,
has been introduced as a gel liner. The gel liner is an
expensive commercial product and is difficult for people
in developing countries to buy [5].

Silicone has various properties and can be used to make
silicone liners for prostheses. It exhibits the highest fric-
tion with the skin compared to other materials [17]. This
increased level of friction is important for improving the
suspension of silicone gel liners, which makes greater
adherence of the liner to the skin over the entire residual
limb. However, in individuals using gel liner with pin
suspension systems, it has been reported that friction
increases in the anterior knee region, especially at the

patellar tendon, during walking and when a high degree
of knee flexion is required, such as prolonged sitting
[18]. This friction may lead to some changes in skin, as
tissues try to protect themselves from further damage
[19, 20]. This problem can also cause increased wear
and tear of the gel liner in the patellar tendon area, which
can overshadow the benefits of the gel liner [5, 11, 17].
Excessive and prolonged friction, along with relatively
high localized pressure between the skin of the residual
limb and the gel liner in the patellar tendon can eventual-
ly cause hole in this area that are subjected to excessive
friction [6]. It seems that the discomfort experienced by
individuals from this friction is due to the mismatch be-
tween the skin movements of the residual limb and the
gel liner [17]. This problem in the patellar tendon area is
more common among transtibial amputees using hybrid
sockets, because the concept of hybrid socket in below-
the-knee prosthetics basically arises from integrating the
patellar tendon bearing (PTB) and total surface bearing
(TSB) designs. Actually, there is greater weight bearing
and friction with the gel liner in PTB design compared
to TSB design due to the greater load-bearing and in-
volvement of the patellar tendon [5].

It seems that a spandex anti-friction pad may be a solu-
tion to reduce friction between the skin and the gel liner
in the patellar tendon and may reduce the pain at this
common weight-bearing site. It may help to enhance
the ability to walk and satisfaction with the prosthesis
in users [21]. To our knowledge, there is no study on the
use of spandex anti-friction pads for reducing pain and
friction in the patellar tendon of amputees. Therefore,
this study aimed to investigate the effect of two-layer
spandex anti-friction pads on the pain, standing capabil-
ity, and walking ability of unilateral transtibial amputees
(UTTAs) who had experienced pain, dissatisfaction,
and friction in their patellar tendon during daily activi-
ties. The structure, materials, and design of this pad are
similar to those used in the pad made by the GlideWear™
Company. It should be noted that the area for the pad use
is localized, and the overall adherence of the liner to the
stump for suspension is not affected.

Materials and Methods
Participants

The present study is a quasi-experimental study with a
pre-test-post-test design conducted from July to Decem-
ber 2023 in Karaj, Iran. The study population consisted
of individuals with unilateral transtibial amputations at
K2 and K3 functional levels presented to the Orthotics
and Prosthetics Center of the Red Crescent in Karaj and
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Figure 1. The image showing how to use the anti-friction pad [21]

Tehran, Iran. Of these, 16 people were selected. The
inclusion criteria were unilateral transtibial amputation
due to trauma, age 18-60 years, having amputation for at
least six months, sensory integrity in the stump, experi-
ence of using PTB and TSB hybrid sockets, experience
of using gel liners and shuttle locks, and having com-
plaints of pain in the patellar tendon due to friction with
the gel liner. The contact sensitivity to the gel liner, skin
damage for reasons other than friction, and the presence
of open wounds or amputations in the upper limb were
the exclusion criteria. In this study, G'Power software
was used to determine the sample size, considering
0=0.05, p=0.2, P0=0.8, and P1=0.9. Participants used
prostheses with a proper fit and intact gel liner suitable
for the residual limb. Similar prosthetic components
were used for all individuals, and the proper alignment
for each individual was set according to the bench align-
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ment settings and finally adjusted by an experienced or-
thotics/prosthetics specialist.

Measures

The visual analog scale (VAS) was used to measure
the pain. It was a 10-cm line printed on a piece of paper
with markers with endpoints representing “no pain” and
“worst pain” or “unbearable pain”. The person places a
mark on the line to indicate their pain intensity.

The orthotics and prosthetics user’s survey (OPUS)
questionnaire was utilized to assess the patient satis-
faction with the prosthesis. It has 21 items rated on a
six-point Likert scale: 5 (strongly agree), 4 (agree), 3
(neither agree nor disagree), 2 (disagree), 1 (strongly
disagree), and 0 (do not know/not applicable). We used
the first 11 items to assess the satisfaction; therefore, the
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Figure 2. Two layers of breathable fabric slowly slide together, absorbing friction and reducing shear forces to prevent tissue dam-

age in high-risk areas

Note: These two layers of fabric are permeable to heat and moisture [21]
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Figure 3. Percentage of changes in the study variables after the anti-friction pad use

total score ranged from 11 to 55. Participants were first
asked to walk for three minutes with their prostheses
along a predetermined parallel path in the training hall
at their chosen speed. Then, the OPUS was completed
by them.

Also, their walking time on a treadmill at 4 kilome-
ters per hour was recorded (in seconds) by using a stop-
watch. In this regard, after a 10-minute rest interval,
they were instructed to start walking on the treadmill at
the mentioned speed. The duration that each participant
was able to walk on the treadmill was recorded with the
stopwatch.

After resting for 10 minutes, they performed the one-
leg standing balance test (OLSTP). In this test, they
were asked to stand on their prosthetic leg (keeping the
healthy leg bent at the knee beside the prosthetic leg),
and the standing duration was recorded by a stopwatch.
To prevent test learning by the participants, each test was
conducted only once. The tests were performed next to a
wall to prevent falls and several foam mats were placed
around the participants.

In the next stage, anti-friction pads were prepared ac-
cording to the size of the patella tendon for each partici-
pant and placed on the skin of the residual limb, and the
gel liner was pulled over the skin. The application of the
anti-friction pad was in accordance with the instructions
available on the official website of Tamarack® Habilita-
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tion Technologies Inc. (Figure 1). The anti-friction pad
of this study consists of two layers of spandex fabric
similar to the original sample, with a coefficient of fric-
tion between the two layers close to zero. Based on the
manufacturer’s instructions, the fabric consisted of 15%
spandex or Lycra and 85% Nylon. As a result, the shear
and friction forces in the area may be affected by us-
ing the smooth sliding property of these two layers over
each other (Figure 2). For adaptation, each participant
used the anti-friction pad along with their prosthesis for
one week Then, we asked them to return again for the
final evaluation and all assessments were repeated and
data was recorded.

Data analysis

For data analysis, SPSS software, version 26 was used.
The Kolmogorov-Smirnov test was employed to assess
the normal distribution of statistical data. For analyzing
data with a normal distribution (satisfaction and walk-
ing time), the paired t-test was used, while for data with
abnormal distribution (pain and duration of standing on
the prosthetic leg), the Wilcoxon test was used to evalu-
ate the differences between pre-test and post-test phases.
The significance level was set at 0.05.

Results

In this study, 11 men and 5 women participated with
a mean age of 54.94 years, a weight of 83.19 kg, and a
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Table 1. Demographic and clinical characteristics of participants

Variables Mean+SD/No.
Age (y) 54.94+9.17
Height (cm) 170.25+11.1
Weight (kg) 83.19+14.28
Pre-test VAS score 4.63+1.08
Duration of gel liner use (y) 3.65+2.35
Time passed since amputation (y) 5.78%3.55
BMI (kg/m?) 28.67+4.39
35-45 2
Age group (y) 46-55 5
56-65 9
Female 5
Gender
Male 11
Left 7
Side of amputation
Right 9

height of 170.25 cm. Table 1 presents the participants’
information. Table 2 presents the results of the compari-
son using a paired t-test for two variables: satisfaction
(OPUS score) and treadmill walking time before and af-
ter using the anti-friction pad. The satisfaction of partici-
pants and the duration of walking on the treadmill sig-
nificantly increased after using the pad (P<0.001). The
results of the Wilcoxon test (Table 3) revealed that pain
significantly decreased and the standing duration on the
prosthetic leg increased significantly after using the anti-
friction pad (P<0.001). The percentage of changes for
each variable based on its initial score is illustrated in
Figure 3. As can be seen, the variable of standing du-
ration on the prosthetic leg showed the highest change
after using the anti-friction pad in this study, while the
satisfaction variable showed only slight changes.

Discussion

This study examined the effectiveness of a two-layer
anti-friction pad in reducing the friction in the patellar
tendon of residual limb in UTTAs. The results showed
that, after one week of using this pad, a significant de-
crease in pain (VAS score) and an increase in satisfac-
tion with the prosthesis (OPUS score) were observed
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in the areas that were exposed to greater friction and
pressure. Also, the duration of walking at a speed of 4
kilometers per hour on a treadmill and the duration of
standing on the prosthetic leg (OLSTP score) signifi-
cantly increased.

The anti-friction pad use had a significant impact on
pain reduction in our study. The results of a similar study
on the impact of a four-week walking training program
showed that static weight-bearing was significantly re-
lated to walking speed, and pain had a significant role
in walking speed during transtibial amputee rehabilita-
tion. The study suggested that static weight-bearing can
be a predictor of walking speed, which may be changed
through pain reduction [26]. This implies that pain re-
duction can be an important factor related to functional
activities and the ability to walk in people with trans-
tibial amputation. Pain can manifest in various ways,
such as residual limb pain, phantom pain, and back pain,
which can affect the individual’s daily activities [27].

The current study showed that the use of an anti-fric-
tion pad significantly increased UTTAs’ satisfaction
with the prosthesis after one week. Although the rate of
increase was not high, it can be stated that the reduc-
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Table 2. Mean OPUS score and treadmill walking duration before and after using the anti-friction pad

Variables Time MeantSD t P
Pre-test 40.38+2.5
OPUS 5.86 <0.001
Post-test 43.25+2.23
Pre-test 167.06+85.44
Duration of treadmill walking (s) -6.88 <0.001
Post-test 209.94+96.92

tion of friction and pain in the patellar tendon area after
using the anti-friction pad had a positive impact on the
satisfaction of UTTAs in this study. These factors were
then very important for the amputee. It should be noted
that the UTTAs used this device for only one week;
therefore, its effect on satisfaction was not high. Skin
friction is an important issue that 41% of UTTAs may
experience. In hybrid sockets and other patellar tendon
weight-bearing sockets, the concentration of pressure
at a single point and the friction and wear of the stump
against the socket in the patellar tendon area are impor-
tant issues [29]. Therefore, reduced friction might be ef-
fective in increasing the satisfaction of prosthetic users
in our study.

In another similar study, the effects of reduced con-
tact pressure and tactile sensitivity on long-term tread-
mill walking were examined. The results showed that
the plantar flexor muscles in the contralateral limb ex-
perienced fatigue, which may affect the ability of indi-
viduals to walk with the prosthetic leg. The inability to
complete weight-bearing on the prosthetic side may lead
to a shift of weight towards the sound side, resulting in
increased discomfort in this side over time [30]. Accord-
ingly, it can be said that by increasing the comfort and
reducing the friction in the sockets of participants in our
study, the pad caused less pressure on the sound side in
addition to the prosthetic side.
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In our study, the duration of standing on the prosthetic
leg showed the highest percentage of change after the
use of the anti-friction pad, compared to other study
variables (an 80% increase compared to the pre-test du-
ration). It can be said that the pad increased the weight-
bearing capacity of the prosthetic leg, indicating a sig-
nificant reduction in pressure and friction between the
socket and residual limb at weight-bearing areas, as well
as increased socket comfort, which in turn increased the
duration of standing on the prosthetic leg. Therefore, the
pad may help provide smoother walking for prosthetic
users; however, laboratory studies with motion analysis
cameras are needed to confirm this finding.

There was a lack of similar studies using anti-friction
pads for comparison due to the novelty of this study.
Other limitations included the small sample size and
lack of access to the users of specific prosthetic sock-
ets, including hybrid sockets with gel liner. Additionally,
the participants had a mean age of about 50, which can
affect the results regarding the standing and walking
duration. Another limitation of this study was the lack
of complete control over confounding factors such as
the users’ skills in using different types of prostheses,
which may affect the socket comfort. The participants
in this study already had prostheses and it was not pos-
sible to fabricate a completely new prosthesis for them.
The features of these previously made prostheses may
affect the findings. To mitigate this effect, each individ-

Table 3. Mean VAS and OLSTP scores before and after using the anti-friction pad

Variables Time MeantSD Mode b4 P
Pre-test 4.6 4
VAS -3.61 <0.001
Post-test 3.13 3
Pre-test 14 13
OLSTP (s) -3.51 <0.001
Post-test 2.52 19
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ual was assessed before and after receiving the spandex
anti-friction pad. It is recommended that this study be
repeated in other regions of the transtibial residual limb,
such as the popliteal area and distal limb, and even in
the ischial area of people with transfemoral amputa-
tions. Additionally, further studies should be conducted
on a higher number of amputees over a longer period to
assess the effect of the anti-friction pad on other related
variables such as functional performance and activities
of daily living.

Conclusion

The use of a spandex anti-friction pad, aiming to reduce
pressure and friction between the socket and stump, may
reduce pain in the patella tendon area of UTTAs and in-
crease their satisfaction with the prosthetic leg. It can
also help them walk greater distances and stand on their
prosthetic leg longer. However, to confirm these find-
ings, further studies are needed.
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