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Abstract
Background  The importance of anthropometric measurements for monitoring the physical development of athletes 
and optimizing training programs is well known. Considering the limitations of traditional methods in terms of 
accuracy and consistency, the aim of this study is to investigate the potential of Kinect V2 as an alternative.

Methods  This study wasperformed on 12 youth female weightlifters who won medals in the Youth European 
Weightlifting Championship. Humerus length, forearm length, hand length, trochanter-tibiale laterale length, tibial 
length and shoulder width measurements were performed with both Kinect V2 and manual methods. Statistical 
differences between groups were evaluated using the Mann–Whitney U test. The consistencies of the measurement 
methods were analyzed with Bland-Altman plots, correlations were determined with Pearson correlation coefficients, 
and reliability were evaluated with Intraclass Correlation Coefficient (ICC) values.

Results  Kinect V2 provided accuracy and consistency comparable to manual methods in measurements of humerus 
(ICC = 0.532), forearm (ICC = 0.600), and hand length (ICC = 0.760). While medium-level concordance was observed in 
trochanter-tibiale lateral length measurements (ICC = 0.749), high-level concordance and reliability were found in tibial 
length (ICC = 0.914) and shoulder width (ICC = 0.869) measurements.

Conclusions  There were significant differences between the results of humerus length, forearm length and 
trochanter-tibiale laterale length obtained with both measurement methods. Therefore, measurements of these 
parameters require significant care. Findings of this study suggest that Kinect V2 can be a reliable tool for rapid and 
practical anthropometric assessments in sports settings, but highlight the importance of careful calibration and 
adjustments for specific measurements. Future studies should examine the use of this device more comprehensively 
across different sports and populations.
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Introduction
Anthropometry is a discipline that studies the dimen-
sions, proportions and physical characteristics of the 
human body [1]. This discipline evaluates the body com-
position of individuals, helping to monitor their medical 
conditions and optimize their sports performance [2]. 
Anthropometric measurements are an important tool 
in sports sciences, especially for organizing the training 
programs of young and developing athletes according to 
their individual needs. The effects of physical structure 
on sports performance are more pronounced in power 
sports such as weightlifting; accurate and reliable anthro-
pometric measurements play a critical role in deter-
mining athletes’ training and competition strategies [3]. 
Traditionally, anthropometric measurements were per-
formed by manual methods. These measurements per-
formed using tools such as calipers, measuring tapes and 
goniometers, have long been preferred due to their accu-
racy and minimal equipment requirements [4]. How-
ever, manual measurements depend on the operator’s 
experience and measurement accuracy, which can nega-
tively impact repeatability and accuracy [5]. Additionally, 
manual measurement processes are time-consuming and 
impractical for large-scale data collection efforts [4]. Such 
limitations have increased the need for the development 
of more rapid and effective methods in sports sciences.

Technological advances have offered new possibilities 
for anthropometric measurements, and computer vision 
systems, especially devices with 3D, depth sensing and 
motion capture technologies, have become remarkable 
[6].

These devices stand out with their ability to perform 
both static and dynamic analyses by monitoring users’ 
movements and body positions in real time [7, 8]. These 
developments have made data collection and analysis 
processes more efficient in the fields of sports sciences 
and medical exercise application. Kinect technology, one 
of the existing digital anthropometric assessment meth-
ods, has been increasingly used in sports sciences and 
clinical applications. Kinect V2, in particular, stands out 
as a device that can perform users’ body measurements 
with high accuracy. This device allows for the rapid col-
lection of large data sets, while also facilitating use thanks 
to the ability to collect data independently of the opera-
tor [9]. Kinect V2, which has a high potential for use, 

especially in medical exercise and clinical applications, 
also finds a wide range of applications in sports sciences. 
However, Kinect’s accuracy and reliability may change 
depending on the position measured, the used algo-
rithms, and the calibration of the device [9, 10]. There-
fore, comparing data obtained with Kinect with manual 
measurements is important to evaluate the accuracy of 
the device and its potential for application in sports sci-
ence. A study by Naufal et al. (2022) showed that Kinect 
V2 could produce results with similar accuracy compared 
to manual methods for different anthropometric mea-
surements [11]. These findings suggest that Kinect stood 
out not only for its rapid data collection capacity, but also 
for its ability to deliver repeatable results. Another study 
by Adikari et al. (2017) focused on the accurate measure-
ment of body dimensions by Kinect and the usability of 
this data in virtual dressing rooms [12]. The potential of 
data obtained using Kinect to minimize operator errors 
and provide reproducibility is seen as a great advantage 
in large-scale research and clinical applications [11, 12]. 
These advantages provided by Kinect indicate its poten-
tial for widespread use in areas such as medical exercise, 
sports training and clinical physiological applications 
[6, 13]. This technology allows athletes to improve their 
technique and optimize their performance by monitoring 
their movements in real time. In sports training, it pro-
vides a scientific approach to training processes by pre-
cisely analyzing the movements of athletes and provides 
valuable feedback for individual performance improve-
ments [6]. Especially in the field of exercise therapy for 
medical purposes, it is possible for patients to exercise 
on their own at home and to monitor the accuracy and 
effectiveness of these exercises remotely by using Kinect 
[9]. This both supports the treatment processes and 
increases the independence of the patients. Kinect ana-
lyzes the movements of athletes during sports educa-
tion and training processes, make it possible to organize 
training programs according to individual needs [6].

In this context, comparing anthropometric measure-
ments performed with Kinect V2 with anthropometric 
measurements performed with manual methods is of 
critical importance in terms of evaluating the accuracy 
and applicability of the device in both sports sciences and 
clinical applications. In terms of accurate, fast and pre-
cise measurement, using Kinect V2 instead of the manual 

	• Kinect V2, which has a high potential for use, especially in medical exercise and clinical applications, also finds 
a wide range of applications in sports sciences.

	• In this study, a comparative analysis of certain lower and upper extremity anthropometric measurements such 
as humerus length, forearm length, hand length, trochanter-tibiale laterale length, tibial length and shoulder 
width of female weightlifting athletes in the youth age category were performed using Kinect V2 and manual 
methods.
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measurement method in anthropometric measurements 
of participants with different characteristics such as 
patients, elite athletes and healthy individuals may result 
in different. Available literature shows that comparisons 
between Kinect V2 and manual measurement methods 
are limited; this study aimed to fill this gap and better 
understand the potential of the device in anthropometric 
measurements through a study conducted with weight-
lifting athletes. This study specifically focused on youth 
female weightlifters, as this group represents a restricted 
accessible sample of athletes who regularly train and 
achieve international success, such as participation in 
the Youth European Weightlifting Championship. This 
selection enables the evaluation of Kinect V2’s potential 
in a highly disciplined and consistent athletic population, 
while providing focused insights into its applicability in 
sports science. With the current study, we chose to use 
a method that could partially avoid varying measure-
ment results among manual measurement practitioners 
in regular anthropometric evaluations of high-level ath-
letes, such as elite female weightlifters. Furthermore, we 
wanted to emphasize speed in terms of time in anthro-
pometric assessments of elite athletes as an alternative 
to manual measurement methods. Therefore, this study 
aims to conduct a comparative analysis of certain lower 
and upper extremity anthropometric measurements such 
as humerus length, forearm length, hand length, trochan-
ter-tibiale laterale length, tibial length and shoulder width 
of female weightlifting athletes in the youth age category 
using Kinect V2 and manual methods. The hypothesis is 
that anthropometric measurements performed with the 
Kinect V2 would produce similarly accurate and repeat-
able results compared to manual measurement meth-
ods. It is anticipated that Kinect V2’s advantages, such as 
rapid data collection and operator independence, would 
provide data that were compatible with results obtained 
with manual methods, especially for measurements such 
as shoulder width, humerus length, forearm length, hand 
length, trochanter-tibiale laterale length and tibial length.

Methods
Participants and data collection
This study included anthropometric measurements of 12 
youth female weightlifters who won medals at the Youth 
European Weightlifting Championship held in Thessa-
loniki, Greece between 15 and 23 June 2024. The partici-
pants, whose body weight ranges were between 45 and 
81  kg (Q1-Q3), were Turkish Youth Women’s National 
Weightlifting Team athletes. The athletes participating 
in the study were selected from athletes who prepared 
for international competitions by training twice a day, 
six days a week, had no health problems, and were free 
of orthopedic injuries that would prevent weightlifting 
training in the last 6 months. Demographic data, physi-
cal measurements and weightlifting performances of the 
participants with an average age of 16–17 years (Q1-Q3) 
were shown in Table  1. Athletes with a history of seri-
ous trauma to their lower and upper extremities or any 
structural or systemic diseases that cause joint and move-
ment limitation were excluded from the study. Inclusion 
and exclusion criteria were determined through detailed 
examination and questioning by a medical doctor experi-
enced in sports. Before participating in the study, all ath-
letes informed about the purpose and procedures of the 
study and their informed consent was obtained.

Our research was performed in accordance with the 
principles of the 2013 Helsinki Declaration, and approval 
was obtained from the Faculty of Medicine Local Sci-
entific Research Ethics Committee (Date: 04.07.2024, 
approval number: 08-2024/10).

In the study, participants informed about the study 
and a signed informed consent form was obtained from 
the participants. Additionally, the necessary written and 
signed informed consents for the participants whose per-
sonal or clinical details along with any identifying images 
were included to be taken and published were obtained 
from them and their parent/legal guardian.

Anthropometric measurements were performed 
according to the techniques described by Norton et 
al. (1996) [14]. In order to increase the accuracy of the 
measurements, each participant’s body measurements 
were measured three times using both traditional manual 

Table 1  Demographic, anthropometric, and weightlifting performance metrics of youth female weightlifters
Youth female weightlifting athletes
n = 12

Parameters Mean Standard Deviation Median Q1-Q3

Age (year) 16.50 0.53 16.50 16.00–17.00
Height (cm) 159.10 8.27 161.00 154.75–165.00
Body weight (kg) 63.90 17.05 65.00 45.00–81.00
BMI (kg/m2) 24.90 4.94 24.30 20.05–30.08
Training age (year) 4.10 1.10 4.00 3.75-5.00
Max snatch (kg) 77.60 9.12 78.50 71.25-85.00
Max clean and jerk (kg) 94.70 11.91 97.50 85.50-103.75

BMI: Body mass index (kg/m2), Max snatch: maximum snatch weightlifting performance (kg), Max clean and jerk: maximum clean and jerk weightlifting performance 
(kg), Q: quartile
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methods and the Microsoft Kinect V2 device, and the 
average values were used for analysis [14]. Athletes wore 
appropriate clothing during the measurement and were 
required to stand in a certain position and not move 
during the measurement process. For manual measure-
ments, the areas to be measured were marked in advance 
and participants were asked to maintain a stable standing 
position.

Sample size calculation
The sample size computation was based on the study 
by Krzeszowski et al. [15]. The automatic direct method 
available in G*Power software 3.1.9.7 version was used, 
with a medium effect size of 1.06, the significance level of 
α = 0.05, power = 0.80. The sample size obtained was cal-
culated to be at least 10 weightlifters. In addition, 20% of 
participants were added to compensate for the possible 
problem. Thus, the sample size to be studied was deter-
mined as 12 weightlifters.

Kinect V2 features and system design
The designed system consists of three parts. In the first 
part, the data collected from the athletes using Kinect 
V2 is transferred to the computer. The Kinect V2 sensor 
used in the system contains a 1920 × 1080 pixel RGB (red-
green-blue) camera, a 512 × 424 pixel infrared CMOS 
depth sensor, and a microphone array. The depth sensor 
uses a technology called TOF (Time of Flight) to measure 
depth by reflecting back the IR (infrared) rays (860 nm) it 
sends onto a surface [16, 17]. As a result, the depth sen-
sor creates a 3D depth map by determining the distances 
to the surfaces where the IR rays are reflected [18–20]. 
This depth map provides the depth and density values 
for each pixel to be used. In addition, Kinect V2 provides 
the 3D coordinates of any anthropometric point (JointX, 
JointY and JointZ) tracked through its own skeleton track-
ing algorithm. The pixel positions in the resulting depth 
map are converted to real-world coordinates using cam-
era calibration parameters [21]. These transformations 
are performed by considering the coordinates of the 
optical center of the camera and its focal lengths. Subse-
quent to this process, the skeleton was extracted and the 
3D joint positions were accessed. Then, the 3D positions 
of the joints to be processed in the system were selected 
from these joints.

Noise has been observed in depth data from Kinect 
V2 due to various factors such as sensor limitations and 
environmental conditions [20, 22]. Reducing these noises 
is necessary to increase the accuracy and reliability of the 
data [23, 24].

This data was first passed through an Exponential Mov-
ing Average (EMA) filter in order to reduce the noise they 
contained. EMA Filter is an infinite impulse response 
filter that uses exponentially decreasing weighting [25]. 

With this feature, the weighting used for each old data 
decreases exponentially and never reaches zero [26]. 
Thus, EMA filter provides smoothing on old data while 
at the same time working sensitively to recent changes. In 
our system, while applying EMA filter to 3D joint coor-
dinates, each joint point is considered independently as 
done in [27]. Then, the filtering process was applied sepa-
rately to X, Y and Z components of joint coordinates as 
expressed in Eq. 1 as shown in Fig. 2.b.

	 Sx,t = α.Xt + (1 − α).Sx,t−1

	 Sy,t = α.Yt + (1 − α).Sy,t−1� (1)

	 Sz,t = α.Zt + (1 − α).Sz,t−1

In 1, Sx, t, Sy, t, ve Sz, t,” respectively, represent the corrected 
values for the X, Y, and Z coordinates at time t, α is the 
smoothing factor, “Xt, Yt, and Zt,” are the measured val-
ues of the joint coordinates at time t, and “Sx, t−1, Sy,−1, and 
Sz, t−1,” are the corrected values at the previous time step 
t-1.

The most important feature to consider in the EMA fil-
ter is the smoothing factor indicated by α. This factor is 
a parameter that controls the weighting of new and old 
measurements. The value of this parameter usually takes 
a value between 0 and 1. If α is selected close to one, the 
EMA filter gives more weight to the latest measurements, 
making it more sensitive to changes in the data, and if it 
is selected close to zero, it gives more weight to old data, 
making it less sensitive to recent changes [25, 26, 28, 29]. 
In our study, the α factor was selected as 0.6, as in the 
study performed by Del Bimbo et al. [30].

After reducing the noise of 3D joint coordinates in R3 
using the EMA filter, vectors were created for the joints 
tracked in the study. In this process, the nonzero A vec-
tor formed between the wrist and elbow and the nonzero 
B vector formed between the elbow and shoulder are 
defined in the R3 as A = a1i + a2j+a3k and B = b1i + b2j+b3k. 
These vectors were presented in Eqs. 2 and 3, with ∥

→
A ∥ 

denoting the length of vector A and ∥
→
B ∥ denoting the 

length of vector B.

	

∥
→
A ∥=

√√√√√
(ShoulderLeft.x − ElbowLeft.x)2

+(ShoulderLeft.y − ElbowLeft.y)2

+(ShoulderLeft.z − ElbowLeft.z)2
� (2)

	

∥
→
B ∥=

√√√√√
(ElbowLeft.x − WristLeft.x)2

+(ElbowLeft.y − WristLeft.y)2

+(ElbowLeft.z − WristLeft.z)2
� (3)
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Following this process, with the data obtained for each 
joint coordinate using 2 and 3, the distance between the 
joints, “d”, is calculated as shown in Eq. 4 [27].

	
d =

√√√√ N∑
i=1

(Ai − Bi)2� (4)

In the third step of the system, the lengths measured 
above were recorded for subsequent statistical analyses.

Experimental study
This research was performed through a two-stage 
experimental study. In the first stage, the lower and 
upper extremity lengths and shoulder width of youth 
female weightlifters were measured manually by tradi-
tional methods using a Harpender digital caliper (Fig. 1). 
Anthropometric measurements were performed three 
times by an experienced medical doctor, standing and 
in a comfortable position, for both sides of the athletes, 
and the measurement results were recorded in centi-
meters The body weights of the athletes were measured 

Fig. 1  Manual anthropometric measurement
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using the Tanita bioimpedance device (Tanita-MC 580, 
Japan) in the morning on an empty stomach, barefoot 
and wearing light clothing [31]. Body mass index (BMI) 
was calculated using weight and height. Height measure-
ments were performed barefoot by a Seca height meter 
(213 portable mechanic, Germany) [14]. The highest lift 
values ​​achieved by athletes in the snatch and clean & 
jerk techniques in the Youth European Championship 
were obtained from the official website of the European 
Weightlifting Federation [32].

Humerus (acromiale-radiale) length measurement: 
Humerus length was measured as the distance between 
the acromiale and radial points using a caliper.

Forearm length measurement: Forearm length was 
measured from the radiale to the stylion using a caliper.

Hand length measurement: Hand length was measured 
as the distance from the midstylion to the dactylion with 
a caliper.

Trochanter-tibiale laterale length measurement: Tro-
chanter-tibiale laterale length was measured as the dis-
tance from the trochanter to the tibiae laterale using a 
caliper.

Tibial length measurement: Tibial length was measured 
from the lateral point of the tibia to the most distal point 
of the lateral malleolus using a caliper.

Shoulder width measurement: Shoulder width was 
measured as the distance between the outermost points 
of the acromion processes using a caliper.

Iliospina-tibiale laterale length measurement: Ilio-
spina-tibiale laterale length was measured as the distance 
from the iliospinale to the tibiale laterale using a caliper.

Crista iliaca-tibiale laterale length measurement: Crista 
iliaca-tibiale laterale length was measured as the distance 
from the upper border of the crista iliaca to the lateral 
point of the tibia using a caliper [33, 34].

In the second stage, the lower and upper extremity 
lengths (right and left) and shoulder width of the weight-
lifting athletes were measured under the supervision of 
an expert weightlifting coach using a Kinect V2-based 
system shown in Fig. 2, and the results were recorded in 
centimeters.

In this system, the Kinect V2 is positioned 1.5 m above 
the ground and the athletes are positioned 2.5  m away 
from the device (Fig.  2a). This arrangement was per-
formed as suggested in the work of Naufal et al., (2022) 
[11]. The raw depth data collected by the Kinect V2 was 
transferred via a USB 3.1 port to a computer with an Intel 
(R) Core (TM) i7 processor, 16 GB of RAM and an 8 GB 
graphics card (Fig.  2b). The joints to be utilized were 
selected by extracting the skeletal structure from the 
data, and then an EMA filter was applied to the 3D joint 
coordinates of these selected joints to reduce the noise 
they contain. The filtered 3D joint coordinates were used 
to calculate the limb lengths of weightlifters. Thus, using 
perspective geometry and camera features, 3D coor-
dinates of any point were obtained as shown in Fig.  3. 
Finally, these anthropometric data were both saved in the 
database and made available for viewing on the screen 
simultaneously (Fig. 2c).

Statistical analysis
Statistical analyses were performed using IBM SPSS 
Statistics 25.0 (Chicago, IL) software. Mean, standard 
deviation, median, first and third quartile values were 
calculated for all variables. Test-retest reliability was 
assessed using Intraclass Correlation Coefficient (ICC) 
values, and the precision and repeatability of measure-
ments were evaluated using Coefficient of Variance (CV) 
and Coefficient of Repeatability (CR). Mann–Whitney U 
test was used to evaluate statistical differences between 
groups. The consistencies of the measurement methods 

Fig. 2  Functioning principle of the system designed with Kinect V2
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were analyzed with Bland-Altman plots using Python 
3.7.9 (Delaware, USA). In order to determine the corre-
lations between measurements, Pearson correlation coef-
ficients were calculated, and repeatability and inter-rater 
reliability coefficients were evaluated. ICC values below 
0.5 were considered as poor reliability, values between 0.5 
and 0.75 as moderate reliability, values between 0.75 and 
0.9 as good reliability, and values above 0.9 as excellent 
reliability [35]. The threshold for statistical significance 
was determined as p < 0.05.

Results
Values regarding demographic, anthropometric and 
weightlifting performances of youth female weightlifters 
are shown in Table 1.

A statistically significant difference found between 
Kinect and manual measurements in humerus length 
measurements (p < 0.001, Table 2). Kinect provided lower 
variation (CV: 6.36% vs. 7.40%) and higher consistency 
(CR: 4.57 vs. 5.77) compared to manual measurements. 
However, the ICC value (0.532) and the correlation coef-
ficient (r = 0.667) showed moderate concordance between 
the two methods. Bland-Altman Analysis revealed that 
the mean measurement difference was + 2.26  cm and 
the 95% confidence interval was between − 0.70 and 
+ 5.23 cm (Fig. 4; Table 3).

A statistically significant difference found between 
Kinect and manual measurements in forearm length 
measurements (p < 0.001, Table 2). Kinect provided lower 
variation and higher coherency compared to manual 
measurements (CV: 6.83% vs. 7.94%; CR: 4.21 vs. 5.32). 
However, the ICC value (0.600) and the correlation coef-
ficient (r = 0.704) showed moderate concordance between 
the two methods. Bland-Altman Analysis revealed that 
the mean measurement difference was + 1.92  cm and 
the 95% confidence interval was between − 0.70 and 
+ 4.55 cm (Fig. 4; Table 3).

There was no statistically significant difference between 
Kinect and manual measurements in hand length mea-
surements (p = 0.096, Table  2). Measurements per-
formed by both methods generally gave similar results. 
Kinect provided lower variation (CV: 7.22% vs. 9.13%) 
and higher coherency (CR: 2.97 vs. 3.94) than manual 
measurements. The CC value (0.760) and Pearson cor-
relation coefficient (r = 0.738) indicated a good level of 
concordance and a strong relationship between the two 
methods. Bland-Altman Analysis revealed that the mean 
measurement difference was + 0.74 cm and the 95% con-
fidence interval ranged from − 1.09 to + 2.58 cm (Fig. 4; 
Table 3).

A significant difference was found between Kinect 
and manual measurements in Trochanter-tibiale laterale 
length measurements (p = 0.014, Table  2). Kinect pro-
vided similar variation and consistency as manual mea-
surements (CV: 6.69% vs. 6.47%; CR: 6.13 vs. 6.24). The 
CC value (0.749) and correlation coefficient (r = 0.782) 

Table 2  Comparison of anthropometric measurements in youth female weightlifters: Microsoft kinect vs. manual methods
Length and width measurements Manually

Measured
Value (cm)

Microsoft Kinect
Measured
Value (cm)

p Value

Mean SD Median Q1-Q3 Mean SD Median Q1-Q3
Humerus length (right/left) 28.10 2.08 28.00 27.30–29.00 25.95 1.65 26.00 24.80–27.20 < 0.001
Forearm length (right/left) 24.18 1.92 24.10 22.20–26.00 22.26 1.52 21.61 21.20–23.30 < 0.001
Hand length (right/left) 15.55 1.42 15.50 14.60–16.20 14.81 1.07 14.85 13.80–15.70 0.096
Trochanter-Tibiale laterale length (right/left) 34.80 2.25 35.20 32.00-36.90 33.02 2.21 33.00 31.01–35.50 0.014
Tibial length (right/left) 33.09 1.70 32.95 31.40–34.70 33.23 1.96 33.65 32.80–34.50 0.718
Shoulder width 31.27 2.46 31.05 29.58–33.13 31.38 2.06 31.50 29.35–33.60 0.853
SD: Standard deviation, Q: quartile

Fig. 3  Distance between joints

 



Page 8 of 14Örücü et al. BMC Sports Science, Medicine and Rehabilitation           (2025) 17:75 

Fig. 4  Bland-altman plots illustrating the agreement between kinect V2 and manual measurements for anthropometric variables in youth female 
weightlifters

 



Page 9 of 14Örücü et al. BMC Sports Science, Medicine and Rehabilitation           (2025) 17:75 

indicated a moderate level of concordance and a strong 
relationship between the two methods. Bland-Altman 
Analysis showed that the mean measurement difference 
was + 1.78  cm and the 95% confidence interval ranged 
from − 1.04 to + 4.60 cm (Fig. 4; Table 3).

There was no statistically significant difference in Tib-
ial length measurements between Kinect and manual 
measurements (p = 0.718, Table  2), indicating that both 
methods provide similar results. Kinect provided lower 
variation (CV: 5.9% vs. 5.14%) and higher coherency (CR: 
5.43 vs. 4.71) compared to manual measurements. The 
ICC value (0.914) and correlation coefficient (r = 0.845) 
indicated high concordance and reliability between the 
two methods, confirming the test-retest reliability of 
Kinect V2 for tibial length measurements. Bland-Altman 
Analysis indicated that the mean measurement difference 
was − 0.14  cm and the 95% confidence interval ranged 
from − 2.14 to + 1.87 cm.

There was no statistically significant difference between 
Kinect and manual measurements in Shoulder Width 
measurements (p = 0.853, Table  2), indicating that both 
methods yield similar results. Kinect provided lower 
variation (CV: 6.56% vs. 7.87%) and higher coherency 
(CR: 5.71 vs. 6.82) compared to manual measurements. 
The high ICC value (0.869) and correlation coefficient 
(r = 0.762) indicated high concordance and reliabil-
ity between the two methods. Bland-Altman Analysis 
showed that the average measurement difference was 
− 0.11  cm and the 95% confidence interval ranged from 
− 3.10 to + 2.88 cm (Table 3).

Discussion
In this prospective study, anthropometric measurements 
of youth female weightlifters were compared using Kinect 
V2 and manual measurement methods. The findings 
reveal that Kinect V2 provided lower variation and higher 
coherency than manual methods in some measurements. 
It has been observed that Kinect V2 exhibited superior 
performance in terms of both accuracy and repeatability, 
especially in humerus length, forearm length and hand 
length measurements. Although manual measurements 
were used as a reference in this study, they were not con-
sidered the absolute golden standard. Both methods have 
inherent limitations that could influence the interpreta-
tion of the results. For instance, manual measurements 
are susceptible to operator-dependent variability, while 
Kinect V2’s performance can be affected by calibration 
and environmental factors. These factors should be care-
fully considered when comparing the methods, to ensure 
that significant differences were interpreted cautiously 
and in context. These results show that Kinect V2 had 
significant potential as a tool that meets the need for fast 
and practical data collection in the field. On the other 
hand, while both methods provided similar results in Ta
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Trochanter-tibiale laterale length and tibial length mea-
surements, shoulder width measurements showed high 
concordance and reliability in both methods. This sug-
gests that Kinect V2 could be an alternative to manual 
methods in certain measurements, but both methods 
could have their own advantages and limitations.

Overall, our findings support the potential use of 
Kinect V2 in sports science and clinical applications and 
suggest that this technology could be an effective tool in 
athlete performance assessments. This study specifically 
focuses on youth female weightlifters, a group selected 
due to their regular training schedules and high level of 
consistency, as well as their international competitive 
experience. Unlike previous studies that often included 
general populations, this research provides insights into 
the applicability of Kinect V2 in a highly disciplined ath-
letic population, directly comparing its results with man-
ual methods. However, the importance of future studies 
that examined in more depth the effectiveness and reli-
ability of different methods in various application areas 
is also highlighted. Future research should explore the 
applicability of Kinect V2 in diverse athletic populations 
to clarify its broader potential and limitations. Nowadays, 
the developments of digital technologies and depth sen-
sors have revolutionized anthropometric measurement 
methods. Depth sensors such as the Microsoft Kinect 
offer many advantages over manual measurement meth-
ods. In their studies, Krzeszowski et al., (2023) and Jamil 
et al., (2020) showed that Kinect offered high accuracy 
and repeatability [15, 36]. The results of these studies 
indicate that Kinect produces result with similar accu-
racy to manual methods in anthropometric measure-
ments. Our study also supports these findings; it has been 
observed that Kinect V2 exhibited low variation and high 
coherency, especially in humerus length, forearm length 
and hand length measurements. This shows that Kinect 
V2 could be a suitable tool for large-scale field studies. 
Our findings show that there was a significant difference 
between the Kinect V2 and manual methods in trochan-
ter-tibiale laterale length measurements, while there was 
no statistically significant difference between the two 
methods in tibial length measurements. According to 
our hypothesis, Kinect V2 is expected to provide results 
with similar accuracy to manual methods. These results 
are consistent with a study by Jamil et al., (2020) report-
ing that Kinect-based systems provide low error rates and 
acceptable accuracy in common lower extremity mea-
surements such as leg length [36]. Additionally, Wang et 
al., (2024) stated that Kinect-based measurement systems 
offered high accuracy and repeatability in lower extrem-
ity measurements [29]. The findings obtained from our 
study show that Kinect V2 could be a suitable alterna-
tive to manual methods in tibial length measurements, 
however, it should be taken into consideration that there 

might be some differences in trochanter-tibiale later-
ale length measurements with manual methods. The 
fact that both methods showed high concordance and 
reliability in shoulder width measurements supports 
our hypothesis and indicates that Kinect V2 could be a 
good alternative to manual methods. It should be noted, 
however, that Kinect V2 might not be the best choice 
for every measurement. In light of these data, further 
research is needed to better understand the performance 
of Kinect V2 on different anthropometric measurements. 
In particular, studies examining the effectiveness of this 
technology in populations of different age groups and 
sports branches will determine better the usage areas and 
limits of Kinect V2.

In our study, significant findings were obtained 
between Kinect V2 and manual methods in humerus 
and forearm length measurements. Statistically signifi-
cant differences were found between the measurement 
methods in terms of humerus and forearm length. On 
the other hand, the statistical significance of the consis-
tency of the measurement methods and the correlation 
between them supported our hypothesis. In line with our 
hypothesis, Kinect V2 has been shown to exhibit lower 
variation and higher coherency compared to manual 
methods in both humeral and forearm length measure-
ments. Particularly in humeral length measurements, 
Kinect V2 provided lower variation and higher coher-
ency than manual measurements. Similarly, in forearm 
length measurements, Kinect V2 showed lower varia-
tion and higher coherency compared to manual methods 
(Table 3). These results suggest that Kinect V2 could be a 
reliable alternative for both humerus and forearm length 
measurements. Additionally, the advantages that Kinect 
V2 provided in terms of coherency and repeatability 
in its measurements may make the device more attrac-
tive to use, especially in situations where coherency and 
practicality were important. These findings are consistent 
with results reported by Jamil et al. (2020) regarding the 
high accuracy and coherency in forearm length mea-
surements of RGB-D sensors [36]. In Jamil et al., (2020)’s 
study, low error rates and high accuracy were achieved in 
forearm measurements using RGB-D sensors [36]. This is 
in line with the low variation and high coherency rates 
offered by Kinect V2 in our study. Wang et al., (2024)’s 
study demonstrated that Azure Kinect provided high 
accuracy and consistency in limb length measurements 
on both children and adults [29]. Kinect showed strong 
correlation (r = 0.850–0.985) and excellent concordance 
(ICC = 0.829–0.977) compared to DXA. Overall, these 
findings demonstrate the potential of Azure Kinect as a 
measurement tool. However, in our study, the correla-
tion and concordance values obtained between Kinect 
V2 and manual measurements (r = 0.667 and ICC = 0.532 
for humerus length; r = 0.704 and ICC = 0.600 for forearm 
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length) were at a moderate level and differ from Wang et 
al. (2024)’s finding [29]. These differences may be due to 
the fact that Azure Kinect has more advanced technol-
ogy and can make more precise measurements. Azure 
Kinect’s advanced sensor technology and high-resolution 
depth sensing capabilities increase measurement accu-
racy, which may explain differences in results. This shows 
that the differences in technological innovations and 
sensor sensitivities used between Kinect V2 and Azure 
Kinect might affect the measurement results. Therefore, 
it should be emphasized that Kinect V2 might require 
more careful evaluation for certain populations or mea-
surement scenarios.

As a result, Kinect V2 can be used as a practical and 
reliable measurement tool, particularly in areas where 
coherency and repeatability were critical. However, one 
should be aware of the technological limitations and 
algorithm of the device that assumes fixed rates, and 
researchers should take these limitations into account 
when using the device. Research by Sinha et al. (2016) has 
also shown that Kinect provided comparable accuracy to 
manual methods in body segment length measurements 
and offers advantages in dynamic measurements such as 
joint angles [9]. This is another finding that supports our 
hypothesis and shows that Kinect V2 could be a suitable 
alternative for situations that require fast and practical 
data collection, especially in field studies and non-labo-
ratory applications. Kinect V2 can be used as an alterna-
tive to manual methods by demonstrating low variation 
and high coherency in humerus and forearm length mea-
surements. These characteristics of the device reveal its 
potential as a reliable measurement tool in sports science 
applications. Additionally, it is considered as a suitable 
alternative for field studies and non-laboratory applica-
tions that required rapid and practical data collection. 
However, more comprehensive research is needed to 
evaluate the accuracy and reliability of this technology 
in different age groups and sports. Future studies should 
further identify such uses.

It has been observed that Kinect V2 offers lower varia-
tion and higher coherency than manual methods in hand 
length measurements. These findings suggest that Kinect 
V2 might be a reliable alternative for hand length mea-
surements (Table  3). These results are in concordance 
with those reported by Jamil et al. (2020) and Tarabini et 
al. (2018) [36, 37]. Jamil et al., (2020) reported that Kinect 
V2 offered low error rates (2.16%) and high correlation 
values (0.91) ​​in hand length measurements [36]. It was 
stated in their study that the error rate between manual 
and sensor-based measurements was at an acceptable 
level and the correlation coefficient was 0.91. This high 
concordance supports our hypothesis and reveals that 
Kinect V2 is comparable to manual methods in terms of 
accuracy and reliability in hand length measurements. 

Similarly, Tarabini et al., (2018) stated that Kinect V2 
offered high accuracy in specific anthropometric mea-
surements such as hand length [37]. The study showed 
that measurements made with Kinect V2 were of simi-
lar accuracy to measurements obtained with optical sys-
tems. This finding is consistent with our hypothesis and 
highlights the portability and cost-effectiveness advan-
tages of Kinect V2, especially for field studies and large-
scale research. In this context, the low variation and 
high coherency provided by Kinect V2 in hand length 
measurements indicate that the device could be a suit-
able option for field studies and sports science appli-
cations. However, it should be taken into account that 
measurement accuracy might not always match manual 
methods and therefore the use of the device must be 
evaluated according to the specific application areas. For 
our hypothesis to be fully confirmed, the advantages pro-
vided by Kinect V2 must be optimally used in accordance 
with specific measurement types and needs. Future stud-
ies should focus on broader testing and evaluation of this 
technology in various populations and sports.

In our study, a statistically significant difference was 
detected between Kinect V2 and manual methods in Tro-
chanter-tibial laterale length measurements (p = 0.014). 
Kinect V2 provided different results compared to man-
ual measurements. This finding partially contradicts our 
hypothesis and suggests that Kinect V2 might differ in 
some lower extremity measurements when compared to 
manual methods. On the other hand, the fact that there 
was no statistically significant difference between Kinect 
V2 and manual methods in tibial length measurements 
(p = 0.718) shows that both methods offered results with 
similar accuracy and supported our hypothesis. Addi-
tionally, it has been stated in the literature that Kinect 
records lower values in knee height measurements com-
pared to traditional methods [38]. This result shows that 
Kinect offered less precision in knee height measure-
ments compared to traditional methods. Because, in our 
study, statistical differences were shown between the 
measurement methods regarding the Trochanter-Tibiale 
laterale values. However, there was moderate agreement 
and a strong relationship between the methods in terms 
of consistency and variation. This showed that Kinect 
performed similarly to manual measurements in terms 
of consistency, while manual measurements might be 
more reliable in terms of accuracy. Nonetheless, Kinect 
stands out as a viable alternative in terms of reproduc-
ibility and practicality. These findings, in line with our 
study, have shown that Kinect-based systems offered a 
certain accuracy and coherency in lower extremity mea-
surements, regardless of the type of clothing, in a study 
conducted by Park et al. (2024) [39]. While Kinect-based 
systems gave results close to manual measurements in 
buttock-knee length and popliteal height measurements, 
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larger deviations were observed in maximum hip breadth 
measurements due to the effects of clothing and other 
factors. Adikari et al. (2017)’s study noted that Kinect-
based systems offered a certain level of accuracy and 
coherency, especially in measurements such as hip-to-
leg length [12]. These findings are consistent with a study 
by Jamil et al. (2020), which reported that Kinect-based 
systems provided low error rates and high accuracy in 
lower extremity measurements [36]. Similarly, Wang et 
al. (2024) emphasized that Kinect-based measurement 
systems offered high accuracy and repeatability in lower 
extremity measurements [29]. These findings suggest that 
Kinect V2 could be a viable alternative to manual meth-
ods for tibial length measurements; however, it should be 
taken into consideration that there might be some dif-
ferences in the measurements of the Trochanter-tibiale 
laterale length with manual methods. The findings in the 
literature are also in concurrence with the data obtained 
in our study. Our research reveals that Kinect provided 
coherence results with manual measurement methods 
and supported findings in the literature in this context. 
Wang et al. (2024) studied lower extremity measure-
ments of children in younger age groups and observed a 
certain parallelism with the Trochanter-tibial laterale and 
tibial length data of the youth athletes in our study [29]. 
On the other hand, the upper leg measurements that we 
determined by manual methods from different anatomi-
cal points in our study (iliospina tibia laterale: 45.79 cm 
and crista iliaca tibiale laterale: 50.87  cm) showed sig-
nificant differences from both the data in our own study 
and the data reported by Wang et al. (2024) [29]. These 
differences are likely due to Microsoft Kinect not being 
able to provide the full accuracy required for certain 
measurements. In this context, in order to fully evalu-
ate the accuracy of our hypothesis, future studies need to 
better understand the reasons for these differences and 
investigate the necessary improvements to increase the 
accuracy of the Kinect V2 in these measurements. Addi-
tionally, the performance of this technology in practical 
applications should be further examined in various popu-
lations and sports.

The hypothesis of our study was that Kinect V2 would 
provide similar accuracy and coherency to manual 
methods in shoulder width measurements. Our results 
showed that there was no statistically significant dif-
ference in shoulder width measurements between the 
Kinect V2 and manual methods (p = 0.853). This shows 
that both methods provided similar accuracy and coher-
ency. Kinect V2 provided low variation and high coher-
ency compared to manual measurements. These findings 
support that Kinect V2 could be a compatible and reliable 
alternative to manual methods for shoulder width mea-
surements. These results are coherent with the findings 
reported by Jamil et al. (2020) and Espitia-Contreras et al. 

(2014) that RGB-D sensors provided reliable results for 
measurements such as shoulder width [36, 38]. In addi-
tion, it was stated in the study of Park et al., (2024) that 
shoulder width measurements obtained with Kinect V2 
were concordant with manual measurements [39]. This 
indicates that Kinect V2 could be a reliable tool in sports 
science applications. On the other hand, in the study of 
Bragança et al. (2017), a significant difference was found 
between Kinect-based and manual measurements for 
shoulder width measurements [10]. This difference may 
result from incompatibilities between the methods and 
devices used. The fact that there was no significant dif-
ference between manual and Kinect V2 measurements in 
our study show that this device could be a reliable alter-
native with correct calibration and appropriate use. As 
a result, the fact that Kinect V2 provided accuracy and 
coherency similar to manual methods in shoulder width 
measurements supports our hypothesis and shows that 
this device could be used as a practical tool in sports sci-
ence and clinical applications. However, care must be 
taken in the application of the methods and the calibra-
tion of the device. Future studies should further inves-
tigate the accuracy and reliability of Kinect V2 under 
different populations and measurement conditions.

Limitations
This study has some limitations. First, the measure-
ment accuracy of Microsoft Kinect V2 can be affected by 
device positioning, calibration, and environmental con-
ditions. Although a controlled laboratory environment 
was used, instrument accuracy may vary under actual 
field conditions, which may limit the generalized ability 
of results. Second, although athletes were kept still dur-
ing the measurement, involuntary movements may affect 
measurement coherency. Third, the sample size of this 
study was limited and included only elite female weight-
lifters in the youth category, which may limit the general-
ize ability of the findings to other populations and sports. 
It is recommended that future research be conducted 
with larger and more diverse samples.

Conclusion
This study compared the performance of Kinect V2 and 
manual measurement methods in anthropometric mea-
surements of youth female weightlifters and revealed the 
differences between the two methods in terms of accu-
racy and coherency. Findings show that Kinect V2 dem-
onstrated comparable accuracy and coherency to manual 
methods in humeral, forearm, and hand length measure-
ments, making it an effective alternative for situations 
that require fast and practical data collection in the field. 
Some differences were observed in trochanter-tibiale 
laterale length measurements, but high concordance and 
reliability were found between the two methods in tibial 
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length and shoulder width measurements. As a result, it 
supports the usability of Kinect V2 in sports and medi-
cal science applications; however, it also points out that 
it might not be an ideal option for every type of measure-
ment. Future research should further examine the use of 
Kinect V2 across various sports and population groups to 
more clearly identify the strengths and weaknesses of the 
device. In this way, the potential and limitations of Kinect 
V2 can be better understood and more solid results can 
be obtained about the effectiveness of this technology in 
different application areas.

Practical applications
This study has shown that Microsoft Kinect V2 is a useful 
tool for anthropometric measurements in youth female 
weightlifters. Thanks to the fast and practical data collec-
tion capabilities of Kinect V2, it can be used as an alter-
native to manual methods in sports science and training 
programs. This technology can be easily applied in the 
field or laboratory environment by coaches and sports 
scientists to monitor the development of athletes and 
obtain measurement data quickly. In addition, the easy 
portability and use of Kinect V2 also provides advan-
tages for field studies and training programs with large 
participation. In the future, broader evaluation of Kinect 
V2 across different sports branches and populations may 
further expand the potential use of the device in the field 
of sports science.
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