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ABSTRACT

Objective: The aim of this study is to develop an application for image processing of motion analysis system videos.

Methods: After recording the descriptive information of the volunteer participants, the International Physical Activity Questionnaire Short Form (IPAQ)
was completed in a face-to-face environment. Upon completing the questionnaire, the participants were videotaped in accordance with the Landing
Error Scoring System (LESS) protocol. LESS scoring was performed by five researchers using Kinovea v.0.9.5, which has been used in image proces-
sing of similar dynamic motion analysis systems in our clinic in the past, and a newly developed program called HAS. The program was developed
using .Net Maui .Net 8 on Visual Studio. SPSS v.23 and GraphPad Prism 8 programs were used for data analysis.

Results: Forty healthy young people, of which 47.5% (n=19) male and 52.5% (n=21) female, participated in the study. All of the participants had right
dominancy. Those who reported regular exercise habits were 40% (n=16). The age of the participants was 21.7+2.4 years and body mass index was
23.0+3.9 kg/m?. The IPAQ-total value was determined as 2006+1801 METs. Considering all of the evaluators, the inter-rater intraclass correlation co-
efficients were calculated as 0.970 (0.952-0.982) in test-Kinovea, 0.973 (0.957-0.984) in retest-Kinovea, 0.981 (0.969-0.989) in test-New and 0.977

(0.963-0.987) in retest-New, respectively. As visualized in the measurements of the sports medicine specialist, no significant differences were detected
in the intra-rater dependent and independent group test results of all evaluators (p>0.05).

Conclusion: Video image processing processes of motion analysis systems, especially LESS, can be realized by using the HAS program.
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Amag: Bu calismada, hareket analizi sistemi video gdértntUlerinin islenmesi igin bir uygulama gelistirmek amagland..

Gereg ve Yontem: Gondlli katiimeilarin tanimlayici bilgileri kaydedildikten sonra Uluslararasi Fiziksel Aktivite Anketi Kisa Formu (UFAA) yiiz ylze ortam-
da dolduruldu. Anket tamamlandiktan sonra katiimcilarin Sigramadan Sonra Yere inis Hata Puanlama Sistemi (SSYI-HPS) protokoliine uygun videolan
cekildi. Klinigimizce gegmiste benzer dinamik hareket analizi sistemlerinin gérintu islemelerinde kullanilan Kinovea v.0.9.5 ile birlikte yeni gelistirilen
HAS isimli program araciliginda bes arastirmaci tarafindan SSYi-HPS puanlamalan gerceklestirildi. Program, Visual Studio izerinde .Net Maui .Net 8
kullanilarak gelistirildi. Verilerin analizinde SPSS v.23 ve GraphPad Prism 8 programlar kullanildi.

Bulgular: Calismaya %47.5'i (n=19) erkek, %52.5’i (h=21) kadin 40 saglikli gen¢ katildi. Katiimcilarin tamami sag ekstremite dominantti. Dizenli eg-

zersiz aligkanligi oldugunu bildirenler %40 (n=16) oranindaydi. Katilimcilarin yagi 21.3+2.4 yil ve viicut kitle indeksi 23.0+3.9 kg/m? idi. UFAA-toplam
degeri 2006+1801 MET olarak belirlendi. TumU dikkate alindiginda, degerlendiriciler arasi Sinif igi korelasyon katsayisi sirasiyla test-Kinovea’da 0.970
(0.952-0.982), retest-Kinovea’da 0.973 (0.957-0.984), test-Yeni'de 0.981 (0.969-0.989) ve retest-Yeni’de 0.,977 (0.963-0.987) olarak hesaplandi.
Spor hekimligi uzmaninin dlgtim sonuglarinda gérsellestirildigi Uzere tim degerlendiricilerin degerlendirici ici bagimli ve bagimsiz grup test sonuclarinda
anlamli fark saptanmadi (p>0.05).

Sonug: SSYi-HPS basta olmak Uizere, hareket analiz sistemlerinin video gérinti isleme stiregleri HAS programi kullanilarak gerceklestirilebilmektedir.
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INTRODUCTION

Motion analysis systems represent a significant area of in-
quiry within the field of biomechanics, garnering attention
from a diverse array of professionals. In alignment with
Newton's third law of motion, these systems facilitate the
conversion of biomechanical movements and their corres-
ponding effects on biological tissues into quantifiable data.
Utilizing the insights derived from such data, sports scien-
tists investigate various parameters, including the precision
of movement techniques and their implications for athletic
performance. Concurrently, clinicians employ this informa-
tion to enhance movement quality by focusing on factors
such as injury prevention and the efficacy of therapeutic
interventions (1).

Motion analysis systems are basically divided into static
and dynamic motion analysis systems. In both types of mo-
tion analysis systems, video imaging systems can be used
in order to better process and repeatedly evaluate the data
(2). Various image processing programs can be used in or-
der to examine the different moments of the video image
and the continuous movement in more detail. With the help
of these programs, it is easy to quantify the issues that the
professional performing the motion analysis focuses on,
such as stopping the video at the right moment, speeding
up and slowing down the image in order to better unders-
tand the continuity of the movement, measuring the angles
of different joints during the movement, evaluating chan-
ges in the measured angle during the movement, determi-
ning the planes of different parts of the body in three-di-
mensional space (1,2).

The Landing Error Scoring System (LESS) is a dynamic mo-
tion analysis system (3). Dynamic motion analysis systems
often provide camera-based motion analysis in the current
technological state of the art (4). In LESS, which has been
the subject of many studies, similar to other dynamic mo-
tion analysis systems, video images of subjects are taken
for evaluation and quantification, and these video images
are analyzed using image processing software. In addition,
as the current researchers have worked on LESS in the past,
and have experience in various studies, the aforementioned
motion analysis system was used as a prototype during the
development of the associated program (5-7).

Although an application called Kinovea has been used by
the researchers in the past to process video images, due to
the limitations such as the lack of national origin of the re-
levant program, and the addition and removal of desired
features to the program, we wanted to develop a unique
application with our own resources, in order to evaluate
motion analysis systems that we frequently use in clinical
practice.
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The objective of this study is to develop an application de-
signed for the processing of images derived from motion
analysis system videos. Furthermore, this research aims to
evaluate whether the results produced by this new applica-
tion align with those obtained from previous applications
utilizing LESS data.

MATERIAL and METHODS

The study was approved by the Clinical Research Ethics
Committee of the Faculty of Medicine of the University of
Suleyman Demirel by decision dated 18.11.2022. numbered
22/325. The study included healthy individuals aged 18-25
years who did not meet the exclusion criteria for the purpo-
se and rationale of the study. Signed informed consent was
obtained from the participants in accordance with the Dec-
laration of Helsinki.

The number of people to be included in the study was de-
termined at baseline using G.Power v 3.1 application with
power (1-B err prob)=0.95 and a error score=0.05, and the
study was completed with 40 participants (6).

Participants who agreed to participate in the study and sig-
ned the consent form were asked demographic information
and International Physical Activity Questionnaire-Short
Form (IPAQ) questions by a researcher in a face-to-face en-
vironment, and were noted down. After the questionnaire
was completed, videos were taken in accordance with the
LESS protocol.

LESS scoring was performed by five researchers with the
newly developed application called ‘Hareket Analizi Siste-
mi (HAS)’ (In English: Motion Analysis System) together
with Kinovea v.0.9.5, which has been used in the past for
image processing of similar dynamic motion analysis sys-
tems in our clinic.

International Physical Activity Questionnaire-Short
Form: One of the descriptive characteristics of participants
was their physical activity levels. The questionnaire in
which the physical activity levels of individuals are analy-
sed consists of seven questions. The questionnaire, for
which the Turkish validity and reliability was established
by Saglam et al. (8) provides information on the frequency
of low, moderate and high levels of physical activity, and
time spent sitting and the frequency of physical activity
performed in the last week. In addition, the questionnaire
provides the metabolic equivalents (METs) spent during
low, moderate and high levels of physical activity in the last
week. As a result, the METs spent by the participant in the
last week can be calculated by an estimation method. Ac-
cording to this calculation, a physical activity level of <600
MET min/wk is classified as ‘inactive’, 600-3000 MET
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min/wk as ‘moderate’ and >3000 MET min/wKk as ‘vigorous’

(8).

Landing Error Scoring System: The LESS uses a checklist
of 17 criteria, each scored based on the presence/absence of
specific movement errors, such as knee valgus, trunk disp-
lacement, or asymmetrical landing. Higher scores indicate
a greater number of errors and poorer landing mechanics
(3). The evaluation of the image processing program was
carried out using LESS, the Turkish validity and reliability
of which was established by Ercan et al. (5).

With respect to this movement analysis system, the partici-
pants were subjected to a jump test protocol. According to
the protocol, a wooden box (with a non-slip floor and a he-
ight of 30 cm) was prepared. Half the height of each partici-
pant was calculated and the mat was placed at this distan-
ce from the box. The researchers first explained and then
demonstrated how to make the jump. Participants were gi-
ven as many trials as they wanted to familiarise themselves
with the protocol before the test. When the participant felt
ready, the jump was repeated three times in a row accor-
ding to the protocol. A video cameras was placed in front of
the jumping mat and the other one on the dominant limb
side of the participant to capture video images during the
jump. As clearly stated in the protocol, the video cameras
were positioned so that the height from the ground was 122
cm and the distance from the jumping box was 345 cm. The
video images were protected by researchers under the ‘Per-
sonal Data Protection Law’. The relevant images were eva-
luated by five researchers (one of them was a sports medici-
ne specialist, two were sports medicine speciality students,
and the other two were medical faculty students), with the
new HAS application developed by one of our researchers
and Kinovea v.0.9.5 application and the error scores were
noted. The researcher who developed the application did
not participate in the error score evaluation.

Development of the HAS Program: The program has been
developed using .NET MAUI .NET 8 on Visual Studio. It uti-
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lizes XAML for its design, and testing was conducted on the
MAUI Windows application. Version control of the project
was performed, and MVVM architecture was employed. The
program can open video files and allows users to seek for-
ward and backward by one-tenth of a second. Additionally,
it offers features such as drawing on the video, measuring
angles, and adding frames, all of which can be customized
according to user’s preferences. There are also features
planned for future releases that are not yet active, including
web-based video playback, Al-assisted angle measurement,
and analysis. The aim is to provide these features to users
in subsequent versions.

Statistical analysis

SPSS v.23 and GraphPad Prism 8 programs were used for
data analysis. After descriptive characteristics were deter-
mined, Intraclass Correlation Coefficient (ICC) analysis was
performed to determine the intra-rater, inter-rater and in-
ter-method agreements. For difference analyses, t-test for
dependent and independent groups was preferred. Data
were presented as mean * standard deviation, frequency
(n), percentage (%) and ICC (95% confidence interval). The
ICC was considered excellent between 0.81-1.00, good bet-
ween 0.61-0.80, and moderate between 0.41-0.60 (9).

RESULTS

Forty healthy young people, 47.5% (n=19) male and 52.5%
(n=21) female, participated in the study. All of the partici-
pants (n=40) were right extremity dominant. Those who re-
ported regular exercise habits were 40% (n=16). The age of
the participants was 21.7+2.4 years and their body mass in-

dex was 23.0#3.9 kg/m?. IPAQ-Total was determined as
2006+1801 MET.

The LESS evaluation of the sample was performed by five
different researchers. The evaluators performed the test and
re-test measurements separately on both Kinovea and the
newly developed program (Table 1, Figure 1).

Table 1. Concordance of LESS results performed by the researchers

Test E1 ICCje E2
Test-Kinovea 6.35¢1.70 0983 6.45+1.84
Retest-Kinovea 6.35:1.79 ' 6.50%1.77
Test-HAS 6.35t1.76 0927 6.45+1.78
Retest-HAS 6.40+1.71 ' 6.45t1.78
Test-Kinovea vs HAS ICC 0.960 0.992
Retest-Kinovea vs HAS ICC 0.943 0.988

ICC ie E 3 ICC ie E 4 ICC ie E 5 ICC ie
6.20+1.65 6.33+1.70 6.23+1.64
0.992 6.23t1.56 0961 6.43t1.68 0978 6.35t1.67 0.970
6.351.53 6.45:177 6.35+1.63
1000 6.43t1.53 0981 6.431.65 0984 6.38+1.66 0983
0.909 0.068 0.964
0.918 0.976 0.988

As X+SD (meanzstandard deviation), E: evaluator, ICC: intraclass correlation coefficient, ICC jo: intra-evaluator ICC.



G. Kiyak, B. Baz, E. Topal, et al.

v D oo e M e wom s N oy Wt e o e

CEN T aaB Bl WD saBRR

When all of the evaluators were taken into consideration, and specialized laboratory environments. Economical and
the inter-rater ICC values were calculated as 0.970 (0.952-  practical methods are more feasible and preferred by pro-
0.982) in test-Kinovea, 0.973 (0.957-0.984) in retest-Kinovea, fessionals interested in athletes’ health (6).

0.981 (0.969-0.989) in test-HAS and 0.977 (0.963-0.987) in
retest-HAS, respectively.

As shown in the sports medicine specialist measurements, 8-
no significant differences were detected between the intra-
rater dependent and independent group test results of all T T
evaluators (p>0.05) (Figure 2).

»
1

DISCUSSION

No significant differences were found in the intra-rater de-
pendent and independent group test scores of all raters. In
quantitative studies, reliability is defined as the ability of
the measurement tool to produce the same result when
used multiple times (10). While software algorithms may
inherently produce accurate angular results when inputs
are correctly defined, the process of manually digitizing e
data introduces variability due to user-related factors such .
as hand-eye coordination and sensitivity. This is why inter-
and intra-observer reliability are crucial metrics in asses-
sing the usability and performance of measurement tools
that involve human input (11).To this end, repeated measu-
rements were made to assess the reliability of the new app-
lication, and the results were found to be similar. It was
therefore concluded that the developed application is
reliable.

LESS score
i

N
1

Figure 2. Differences between dependent (Kinovea
15t-2nd/ HAS 15t-20d) and independent (Kinovea 15t-

i d d
methods require high hardware costs, expert users, time [HEaS 1.St/ Kinovea 2"¢-HAS 27 groups for the
experienced evaluator data

Although three-dimensional kinematic systems have been
reported as the gold standard in motion analysis, these
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For motion analysis, which is increasingly used in sports
and health, it is important to obtain similar results based
on precise measurements. As it becomes more accessible in
motion analysis, there is growing interest in the use of 2D
video analysis applications, and software is needed to
analyze these video analyses. One example is Kinovea, a
free, open-source motion analysis software developed by
sports and health professionals, programmers, researchers
and athletes in a worldwide non-profit collaboration (12).

In the literature, it can be seen that the reliability of the Ki-
novea program has been investigated in various studies.
Nor Adnan et al. (13) conducted an analysis using a motion
capture software and Kinovea 0.8.25 to examine whether
the Kinovea software is reliable for analysing the drop jump
performance of athletes, and reported that they found the
Kinovea software to be reliable.

A study investigating the validity, reliability and usefulness
of a smartphone and Kinovea motion analysis software for
measuring vertical jump height showed that Kinovea is a
valid, reliable and cost-effective tool for monitoring chan-
ges in jump performance in a healthy, active population di-
verse in gender and physical condition (12).

Elrahim et al. (14) conducted a study to investigate the in-
ter-rater and intra-rater reliability of the Kinovea software
for measuring shoulder range of motion in healthy indivi-
duals, and reported that the application was reliable for the
intended purpose.

In another study conducted to investigate the reliability of
the Kinovea computer program in measuring cervical range
of motion in the sagittal plane in healthy subjects, it was
concluded that the Kinovea software program was both int-
ra- and inter-rater reliable in measuring cervical range of
motion in the sagittal plane (15).

As can be seen from the examples in the literature, various
movement analyses in the fields of sport and health are be-
ing supported by developing technology that allows objec-
tive data to be obtained. The Kinovea program, which is wi-
dely used, has been found to be reliable as far as it was in-
vestigated, and as the researchers have experience in using
it, it was used as a reference for the evaluation of our newly
developed domestic application. The calculated ICC values
of our HAS application with Kinovea were found to be ex-
cellent. The advantage of the HAS application we have de-
veloped is that it provides the flexibility to add and remove
desired features to the program. We find it valuable to offer
users a new application that can be used in motion
analysis.

In order to produce alternative domestic resources to exis-
ting programs, the first version of this application, which
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we have created and tested the usability, will be developed
and new features will be made available in the next
versions.

Limitations of this study include the lack of a motion analy-
sis laboratory in the clinic where the study was conducted,
and the presence of lighting and background problems in
the videos. However, this is not a major problem in the
analysis of videos. It is expected that this will be an issue
when we move to analysis using artificial intelligence
technology.

To conclude; the HAS program can be used to perform vi-
deo image processing operations on motion analysis sys-
tems, in particular LESS.

Note

The pilot study of this research was presented at the 15t Pro-
ject and Science Days with National Participation held in
Isparta on 16 May, 2024.
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