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Abstract

Background: Insole orthotics are prescribed to correct human body position during both the standing position and the motion of
gait. Also, they are being applied for people who have forefoot abduction and arch deformation. However, a little is known about
the relationship between forefoot and arch orthotic correction and the alternation in foot biomechanics.
Objectives: This study was aimed to determine the effect of non-prescription insole orthotics in walking gait parameters.
Methods: It was a quasi- experimental with pre-test, post-test design study. Twelve volunteer participants (41 ± 17 y), 10 men and
two women, participated in this study. Three-dimensional (3D) cameras were used to do motion capture through those markers
placed on lower body segments. Seven segments such as: Hip, left and right thigh, left and right shank, left and right foot were used
for labelling in this study, which was measured with Vicon T-Series cameras at 250 Hz. The participants did walk in three different
phases: Barefoot, running shoe, running shoe with a non-prescription orthotic inside. t-test was used to analyse the data.
Results: The paired t-test results indicated that there is significant difference in cadence, step length and stride length for running
shoe, and non-prescription orthotics compare to those of barefoot (P ≤ 0.05). Additionally, it was found that, non-prescription
orthotics resulted in higher step length and stride length, and less cadence (P ≤ 0.05). On the other hand, But, no significant changes
were found for non-prescription orthotics (P ≥ 0.05).
Conclusions: It was concluded that cadence, step length and stride length were improved in running shoe compared to non-
prescription orthotics group. But there were not any significant differences between running shoe and non-prescription orthotics.
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1. Background

Pronation is the combination of dorsiflexion, abduc-
tion, and eversion (1). Through walking, pronation plays
an important role in shock observation, and surface adap-
tation especially during stance phase. During walking,
if pronation occurs 25% more than stance phase of walk-
ing then it can be said that there is an over-pronation (2).
In other words, if pronation occurs at inappropriate time
during walking or stance phase and lasts for a long time,
overpronation arises (3). Excessive pronation relates to
the way of walking and gaiting. It occurs when the foot
arches become flattened more than usual excessive prona-
tion or over-pronation can be as a result of repetitive inap-
propriate movements which have been habits in life, and
influences all the muscles strength and length (3). Over-
pronation usually followed by numerous lower body in-
juries like shin split (3), hip and pelvic dysfunction, knee

pain and etc. (4). Therefore, all the human movement,
posture and performance like walking can be affected by
this abnormality (5). To diagnose over-pronation, Dahle et
al. suggested a foot type classification scheme. It drew on
both the visual observation and measurement of the feet
(6). According to this scheme, over-pronation exists if cal-
caneal eversion, medial talonavicular bulge, and low longi-
tudinal arch angle exceeds 3°, you can see sample in Figure
1. It has been resulted from this study that, over-pronation
may not appear in the first step, especially in feet which
have forefoot varus asymmetry or deformation, but later
in stance phase.

The first “orthotics” dates back at least 2,000 years with
underfoot shoe cushioning (7). Primary orthotics were
rigid and ordeal to wear and could easily distort the shoe.
Hence, it was not until 1910, Dr. William Scholl introduced
first light and soft orthotics which were coined to support
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Figure 1. Over-pronation visual recognition

the arch. Finally, in 1920s, after having many changes in
terms of material and shape, orthotic new models started
being produced largely by most of the shoe companies (7).

In fact, orthotics designed to prevent and treat lower
body musculoskeletal injuries (8, 9). Nowadays, there are
two different types of orthotics in the market. Moulded
(prescription) and non-moulded (non-prescription). The
prescription one would be produced after a personal visit
and built according to the person foot shape, body weight,
and foot deformity. In other words, analysing the foot is
important and all the posture abnormalities and foot dys-
functions, foot shape and length should be recognized as
the orthotics are being shaped and produced accordingly.
Non-prescription orthotics are being produced by compa-
nies in a vast numbers and people can find them in mar-
kets with no prescription needed. Non-prescription (Fig-
ure 2) which was the one used in this study, is less time con-
suming to produce and less expensive. They are being of-
fered to customers as a device that can help correct their
overpronation. However, due to bulk production, they may
be hard to fix in shoe, say, might be wider or narrow than
shoe and do not provide enough support (10, 11) and less
effective because they are not being produced according
to patients’ anatomical differences. Basically, orthotics is
being built from fibreboard and ethyl vinyl acetate (EVA),
polypropylene, polyethylene, acrylic, fiberglass, carbon fi-
bre composites and other types of cork, foams and lami-
nates. The thickness and materials are being chosen ac-
cording to patients’ weight and foot type and length. Or-
thotics are meant to reduce the effect of abnormal prona-
tion on lower body by influencing foot function (12). More
to the point, this acts by tilting the calcaneus in both the
frontal and sagittal planes and restricts eversion, dorsi-
flexion, accordingly (13). As a result of applying insole or-
thotics, the highest point of the arch hits at the same time

with the bottom of the heel which provides more arch sup-
port during walking (10).

Figure 2. Used non-prescription orthotics in this study

During walking, the kinematic alternation position of
the foot may result in more efficient biomechanical corre-
lation, especially at both the subtalar and midtarsal joints.
It is likely to have less stress on lower body tissues by hav-
ing a reduction of pronation beside changing in the timing
of pronation during stance phase of gait. In this regard, the
orthotics become important to help with over-pronation.

Statistically, efficacy of insole orthotics shows ambiva-
lent results, where some trials reveal improvement and
changes, and some trials do not (14). There are few stud-
ies which looked at the effect on prescription orthotics in
walking in terms of gait velocity, and walking joint mo-
ment. Also, there are some other which looked at angular
changes in lower body segments. For example, Genova and
Gross looked at the effect on prescription orthotics on cal-
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caneal eversion during standing and walking treadmill in
people with overpronation (15). In this study, they asked
participants start using prescription orthotics three weeks
before data collection, which was the good point in this
study (15). Because, it would provide more stable and reli-
able results in terms of familiarisation period. After three
weeks, they performed the test by walking on the tread-
mill, results came out that prescription orthotics can re-
duce the eversion of calcaneal by 2.2°. Indeed, comparing
the results, they found difference between standing posi-
tion in bare foot and running shoe with and without or-
thotics. However, all participants in this study had a dra-
matic amount of calcaneal eversion equal to 10° which is
a large amount, and the result might not apply for people
with smaller amount. There have been very few articles re-
garding the effect of non-prescription orthotics in walking
gait in people with over-pronation.

2. Objectives

This study was done to find a better understanding re-
garding any changes by applying non-prescription insole
orthotics in walking gait among people with overprona-
tion in terms of cadence, step length, stride length, an-
kle angle at heel strike, knee angle at toe-off, ankle an-
gle at heel strike, and hip angle at hell strike plane to see
if the non-prescription can make any significant differ-
ences. It was hypothesized that there would be changes
in the all above factors in walking gait after applying non-
prescription orthotics.

3. Methods

This was a quasi-experimental with pre-test, post-test
design study to improve our understanding of the effect
of non-prescription orthotics on kinematic factors during
walking in people with over-pronation. Twelve volunteer
participants men and women with mean average age of
41 ± 17 took part in this study. They all were recognised
with overpronation, and had arch index which were recog-
nised by visual observation. They all reported no lower ex-
tremity of hypertension, coronary disease, respiratory, or
balance, metabolic, or neurological disorders. Data collec-
tion was done in University of Chichester, Biomechanics
Lab 1. To start, all the camera got calibrated and the ori-
gin was set. And, light gates (Fusion Sport Smart Speed
TM System) were placed at two meters distance from each
other in middle of the lab. Having participants in the lab,
before starting process for data collection, we provided
them with an information sheet. All ahead process was ex-
plained to them and tried to make sure they are happy to

go through the data collection. When they provided in-
formed consent, they got retro-reflective markers (Vicon
Motion Systems Ltd, Oxford, UK & B&L Engineering, Los An-
geles, UK) placed on their lower limbs as was required by
kinematic model (find the markers and light gate in Fig-
ure 3). Ten high speed Vicon infrared cameras (MX T-Series
(T40-S) Camera) were sited on a rig around the ceiling of
the Biomechanics Lab filming participants walking at 250
Hz. We could check walking speed by the light gates placed
in the middle of the lab. All data collection for three differ-
ent phases lasted maximum 1.5 hours.

All collected trials were labelled by using Vicon Nexus
software version 2.11.0 (Vicon Motion Systems Ltd, Oxford,
UK), and marker trajectory gaps were filled with either a
quantic spline, or pattern-fill technique. Then, static and
motion files C3d were transferred to Visual 3D software
(C-Motion Technologies, USA) where the biomechanical
model was built. The three-dimensional (3D) coordinates
of the markers on the seven segments were smoothed us-
ing a lowpass filter with a cut off frequency of 10 Hz. All
joint angles for ankle angle at toe-off and heel strike and
midstance, knee angle at toe-off, and hip angle at heel
strike during the gait cycle were calculated and expressed
relative to the joint angles measured in the barefoot tri-
als. Inversion and eversion rotation were defined about the
longitudinal axis of the foot, and plantar flexion and dorsi-
flexion about transverse axis.

3.1. Procedure

Markers were places on the segments, participants
then had the chance to have some familiarisation. Walk-
ing through the path that had been designed in order to fa-
miliarise with walking among light gates. Recording their
starting position, subjects stepped their right foot forward
first and walked through the light gates by their selected
speed. First three trials were recorded to calculate aver-
age walking speed, and added lower and upper boundary
which was ± 5%. When the boundaries were defined, only
trials would be accepted which not exceeded or fallen be-
low of those numbers. After barefoot walking, running
shoe, and running shoe with orthotic inside trials were
completed in the same way. Participants walked with their
own running shoes.

It was important to have their natural walking pattern
and speed, as could lead us to more ecologically valid re-
sults. Hence, participants had all they walking at their self-
selected pace. Five good trials, those were performed in the
time boundaries, were collected of each phase: Bare foot,
running shoe, and running shoe with non-prescription or-
thotics inside. The reason for recording 5 good trials was
to have stability in our data. In other words, stability in
the trials will influence the stability of the mean value of
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Figure 3. Reflective markers on participant’ lower body segments, and light gates
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the group, and validity of the data (16). Furthermore, the
minimum 4 trials have been announced for making stabil-
ity in data in walking. Following previous studies (17), we
recorded 5 trials, as well. Sometimes during data collec-
tion, it took more times to keep the trials’ speed within the
time boundaries for each participant. Hence, they could
take a rest if they needed. When they had finished the
trials, a survey was completed with the participants. The
main purpose of this survey was to know about the partic-
ipants opinion and feelings towards non-prescription or-
thotics. This can be the crucial point here, as not many
studies have asked participants’ opinion and will be im-
portant to find if patients will continue to use orthotics af-
terwards. In this survey, the questions were regarding to
their age, height and weight which needed for data inter-
pretation and building biomechanical model. And, if they
have ever used orthotics, because then they would share
their experiences and opinion of orthotics efficiency, do
they feel any pain during walking to make an understand-
ing about the participants’ foot condition, did they feel
any changes after applying orthotics, if yes what changes,
and did they feel any balance improvement during walk-
ing with orthotics as it is believed that applying insole or-
thotics can improve balance during walking (Thompson
Health Services, n.d.). All answers were recorded by writ-
ing down on paper. Overall, 216 trials were collected from
participants from motion analysis. All these trials were col-
lected in Nexus software version 2.11.0 (Vicon Motion Sys-
tems Ltd, Oxford, UK), and labelled according to UoC Lower
Limb Model. It was tried to fill all the gaps in the data
and save a C3d format of the final labelled trial. Transfer-
ring both the static and motion C3d file into Visual 3D soft-
ware (C-Motion Technologies, USA) where the biomechan-
ical model was built for each participant. At this time, we
could use the information about their height and weight
that was gained from the survey. A pipeline was built ac-
cording to the factors we wanted to analyse. A low pass fil-
ter was created by cut off frequency of 10 HZ to provide a
smoother form of signals. Four events were defined to run
in the data, heel strike and toe off for both the left foot and
right foot. Joint angles in all the X and Z axis at toe-off and
heel strike and midstance phase were applied in pipeline.
Following other studies, we looked at the right foot and
used the data of right side of the body. Mean data were
extract from all the eight analysing factors (cadence, step
length, stride length, ankle sagittal plane angle at initial
contact, knee sagittal plane angle at toe-off and hip sagit-
tal plane angle at heel strike, ankle angle and midstance
at X axis, and ankle angle at midstance in Z axis) for the
right foot. The mean extraction could give us a more reli-
able data of the trials. Then, variables were run in the Excel
to get a single mean value in five trials for three different

phases, and both the mean and standard division (SD) were
calculated. Because mean data extracted from 3D used to
get a single mean value, so we could assume our data are
normally distributed. Hence, t-test was run in RStudio to
analysed our data. We run the test for barefoot and run-
ning show, barefoot and non-prescription orthotics, and
running shoe with non-prescription orthotics. We looked
at running shoe data to avoid underestimate its effect in
case of having any changes. Then, comparing the results
would show any differences are from which phase.

4. Results

Table 1, shows the means and SD from our data. Further-
more, see t-test result can be seen in Table 2.

As demonstrated in Table 2, the results showed three
differences in cadence in both the barefoot-running shoe
and barefoot-non-prescription orthotics phases, smaller
cadence in non-prescription orthotics than running shoe.
Also, there were significant differences in right foot
step length among barefoot-running shoe and barefoot-
non-prescription orthotics, higher step length in non-
prescription orthotics than running shoe. And, there was
significant differences in right foot stride length again
in both the barefoot-running shoe and barefoot-orthotics,
higher stride length in non-prescription orthotics than
running she. Then, for right knee angle at toe-off our
results showed significant difference just in barefoot-
running shoe. Analysing the final t-test result and look-
ing at mean (Table 1), it seems that the number of steps
decreased in walking for non-prescription orthotics phase
compared to cadence in barefoot walking. It seems as
a logical result and can be supported more by the other
two results from step length and stride length signifi-
cant differences. Comparing the mean of running shoe
and non-prescription orthotics, these 2 factors have in-
creased compared to walking barefoot. As there is neg-
ative correlation between cadence and stride length, we
can expect to have an increase in step length regarding de-
crease in cadence. To summarise, the cadence decreased by
applying non-prescription orthotics, and both the stride
length and stride length increased following applying
non-prescription orthotics. However, there were no sig-
nificant differences in comparing running shoe and non-
prescription orthotics outcome results. Hence, we cannot
confirm the efficiency of the non-prescription orthotics in
this study.

5. Discussion

The results indicate significant differences in cadence,
step length and stride length in both the running shoe
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Table 1. Mean Values ± Standard Division of the Data for Different Analysing Factors

Variables Barefoot Running Shoe Non-prescription Orthotics

Cadence (steps/min) 0.903 ± 0.065 0.858 ± 0.064 0.854 ± 0.855

Step length (cm) 0.663 ± 0.057 0.686 ± 0.048 0.691 ± 0.572

Stride length (cm) 1.313 ± 0.114 1.370 ± 0.106 1.377 ± 0.120

Hip angle at HS (degree) 150.803 ± 11.057 150.932 ± 12.977 150.134 ± 14.057

Knee angle at TO (degree) 130.847 ± 3.139 127.188 ± 6.778 128.776 ± 8.443

Ankle angle at HS (degree) 80.121 ± 8.217 79.415 ± 7.965 78.642 ± 7.432

Ankle angle at midstance X (degree) 78.818 ± 8.553 78.983 ± 8.183 77.756 ± 8.169

Ankle angle at midstance Z (degree) -16.838 ± 6.773 -16.971 ± 7.174 -17.832 ± 8.432

Table 2. t-test Result

Variables
Bare Foot and Running Shoe Bare Foot and Non-prescription Orthotics Non-prescription Orthotics and Running Shoe

P-Value t-Value P-Value t-Value P-Value t-Value

Right foot cadence 0.001 7.09 0.001 4.458 0.686 0.416

Right foot step
length

0.05 -2.941 0.001 -4.259 0.35 -0.975

Stride length 0.001 -3.323 0.001 -3.163 0.825 0.226

Hip angle at heel
strike

0.974 -0.032 0.877 0.158 0.648 0.469

Right knee angle at
toe-off

0.05 2.773 0.305 1.077 0.178 -1.44

Right ankle angle at
heel strike

0.78 0.287 0.526 0.654 0.201 1.358

Right ankle angle at
midstance at X axis

0.943 -0.0731 0.688 0.412 0.08 1.875

Right ankle angle at
midstance at Y axis

0.951 0.063 0.686 0.415 0.154 1.529

and non-prescription orthotics group. But there were not
any significant differences between running shoe and non-
prescription orthotics for all three results. Here, one ques-
tion comes up. Can we accept the differences in orthotics
group as the effect streaming from non-prescription or-
thotics? In other words, if the non-prescription orthotics
could make a significant difference in cadence, step length
and stride length, then it was expected to find significant
differences in comparing group of running shoe and non-
prescription orthotics. Nowadays, most of running shoes
are being design to provide customers with better com-
fort and safer condition in stand and motion position. In-
deed, they are designed with anti-pronation features, such
as: Cushioning, stiff counters and etc. But, despite non-
prescription orthotics, overpronation treatment is not the
main purpose of their production. Participants in this
study suffered from overpronation. Non-prescription or-
thotics was applied in their shoes to see if it can make any
changes as it promised. In terms of cadence, step length
and stride length, non-prescription orthotics is not mak-

ing any specific significant differences. However, there
was a big SD around mean average age and big difference
in their height in this study which showed the research
has some limitations. In other words, all the cadence,
step length and stride length are closely correlated with
age, gender, height, body weight or body mass index. So,
this difference between participants’ age can be the rea-
son of not getting our expected important changes in non-
prescription orthotics. However, from my point of view,
more studies with bigger sample sizes and less distribu-
tion in age and body index should be done to answer this
question better. Paired t test showed there was no signifi-
cant difference in ankle angle at both the toe-off and heel
strike. We know that age and speed are two important fac-
tors in angular changes in lower body joints such as ankle,
knee, and the hip. So, this can be another factor for not see-
ing significant differences in our analysis.

Moreover, there is a positive correlation in gait speed
and joint kinematics, joint kinetics, and ground reaction
forces (18). Hence, we can assume participants did not
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walk fast enough to bring about the angular changes in the
joints. To prevent this, instead of walking with self-selected
speed, we would ask participants walk faster, say 60% - 70%
their maximum heart rate, if we could do the experiment
again. This assumption can be applied for hip angle and
knee angle as well. Because they are being counted in this
correlation. Reviewing survey results, nine participants
out of twelve recorded that they had experienced changes
by wearing non-prescription orthotics. All nine partici-
pants said that did feel more arch in their feet and more
support during walking. Also, they announced that as a
result of support increase, they could experience balance
improvement during walking. But we could not find any
non-prescription orthotics results to support their claims.
If they had felt more arch support during walking, then it
would be more logical if there were any changes in sagit-
tal and horizontal plane at midstance for the ankle angle
where body lack support and have one leg backing. It can
be as a result of applying non-prescription orthotics for the
short time. Non-prescription orthotics might not show us
any immediate effect, because it has been announced any
overpronation improvement takes time around 12 weeks
and we should not expect immediate effect (19).

For right knee angle at toe-off test result, we found sig-
nificant difference in running shoe phase. There were no
significant changes in non-prescription and its compar-
ing test with running shoe. This result indicates that for
the running shoe condition could have made the knee an-
gle at toe-off change compared to walking barefoot, and
non-prescription orthotics. The mean value of the run-
ning shoe shows that it decreased knee flexion although
running shoe has been on during walking with non-
prescription orthotics, its data did not differ, and we did
not get any significant differences following applying non-
prescription orthotics. Apart from the above-mentioned
reasons, it might be because the amount or degree of over-
pronation in participants in this study was not big enough
to bring about any important changes. It seems that unlike
other results, non-prescription orthotics destroyed the ef-
fect of running shoe for knee flexion. Because, all three dif-
ferences in this study happened when running shoe was
on. But it is just a hypothesis and may not be correct and
have some other reason such as error in data. More stud-
ies should be done to help us understand better this re-
sult. There were some limitations in this study. First, our
sample size was not big enough. We would have more re-
liable results if there were more volunteer participants in
this study. Second, both the mean average age and height
of participants, which are seen as important factors in our
analysing factors, had much differences, and this might be
one of the reasons to not having our predicted results. Be-
cause people with different age are not treating, walking

same. In fact, we were limitation to have participants all
with same gender, height and age. And, we could not pro-
vide all the participants with same running shoe. They all
had their own running shoe with different style and fea-
tures, such as: Different cushioning, length and flexibility.
There were some errors in data. And, we had to do some
events manually for all trials. Doing events manually can
cause misjudged and impressed our final results.
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