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Abstract
Background With concerns about accurate diagnosis through telehealth, the Kinect sensor offers a reliable solution 
for movement analysis. However, there is a lack of practical research investigating the suitability of a Kinect-based 
system as a functional fitness assessment tool in homecare settings. Hence, the objective of this study was to evaluate 
the feasibility of using a Kinect-based system to assess physical function changes in the elderly.

Methods The study consisted of two phases. Phase one involved 35 young healthy adults, evaluating the reliability 
and validity of a Kinect-based fitness evaluation compared to traditional physical examination using the intraclass 
correlation coefficient (ICC). Phase two involved 665 elderly subjects, examining the correlation between the 
Kinect-based fitness evaluation and physical examination through Pearson’s correlation coefficients. A Kinect sensor 
(Microsoft Xbox One Kinect V2) with customized software was employed to capture and compute the movement of 
joint centers. Both groups performed seven functional assessments simultaneously monitored by a physical therapist 
and the Kinect system. System usability and user satisfaction were assessed using the System Usability Scale (SUS) and 
Questionnaire for User Interface Satisfaction (QUIS), respectively.

Results Kinect-based system showed overall moderate to excellent within-day reliability (ICC = 0.633-1.0) and 
between-day reliability (ICC = 0.686-1.0). The overall agreement between the two devices was highly correlated 
(r ≧ 0.7) for all functional assessment tests in young healthy adults. The Kinect-based system also showed a high 
correlation with physical examination for the functional assessments (r = 0.858–0.988) except functional reach 
(r = 0.484) and walking speed(r = 0.493). The users’ satisfaction with the system was excellent (SUS score = 84.4 ± 18.5; 
QUIS score = 6.5–6.7).

Conclusions The reliability and validity of Kinect for assessing functional performance are generally favorable. 
Nonetheless, caution is advised when employing Kinect for tasks involving depth changes, such as functional reach 
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Background
The global populaton of individuals aged 65 years or 
older is growing at a rate of approximately 9  million 
people per year. By 2050, this population is projected to 
double and reach nearly 2  billion, indicating a signifi-
cant demographic shift toward an aging society [1]. It 
leads to increasing cost pressures through rises in health 
and social care expenses. Additionally, the COVID-19 
pandemic has necessitated substantial modifications 
in healthcare delivery, leading to the widespread adop-
tion of telehealth [2, 3]. However, the elderly population 
often requires care within the comfort and safety of their 
own homes, raising concerns about the accuracy of tele-
health diagnoses. Clinicians have voiced concerns, deem-
ing telehealth as substandard compared to in-person 
or face-to-face care [4]. Hence, it is essential to develop 
new strategies for primary health care, including nursing 
homes and home care services [5]. To facilitate the role 
of home care and promote independence among elderly 
individuals, abundant innovative solutions and advanced 
technologies have been introduced within the health-
care system. These initiatives aim to enhance the quality 
of care provided at home and foster a community-based 
approach for the elderly population [6].

Responding to the problem of insufficient manpower 
for elderly care and the problem of increasing social 
costs, “smart home care” and “technological health man-
agement” could be a noble solution with the increase in 
the elderly’s acceptance rate of technology and the rapid 
growth of uses of digital devices [7, 8]. These health man-
agement techniques offer significant benefits for the 
physiological and cognitive function of elderly patients 
[9], such as the management of aging-related chronic 
diseases by monitoring vital signs [10, 11], psychologi-
cal conditions, controlling depression, and reducing the 
post-discharge problems [12]. Although abundant stud-
ies have been focused on the application of technologi-
cal health management, limited researches make use of 
smart health strategies as a fashion in home diagnosis or 
predicting diseases or disability of the elderly population 
[6, 13].

Quantifying the physiological capacity of the elderly 
and assessing their functional fitness performance is 
essential for enhancing their quality of life [14]. By objec-
tively measuring their physical capabilities, healthcare 
providers can gain valuable insights into their overall 
health status, identify areas for improvement, and tailor 
interventions to promote better well-being and indepen-
dence [15]. Inspection of agility and dynamic balance are 

two main indexes to achieve early identification of fall 
risk in the elderly [16] which can be used in addition to 
quantifying the body strength and mobility for evaluating 
the physiological capacity [15]. Through functional fit-
ness performance, it can provide a personalized program 
to improve the case’s lack of ability and assess the effec-
tiveness of the intervention based on systematic follow-
up. The low motivation and challenges faced by elderly 
individuals in attending physical training sessions at 
clinics often result in insufficient exercise [17]. However, 
with the integration of scientific and technological health 
management, traditional physical fitness testing can be 
optimized. These advancements offer the potential to 
overcome barriers and provide more accessible and con-
venient solutions for assessing and improving the physi-
cal fitness of the elderly population [18]. Application of 
new technologies and facilities to increase the training 
motivations in elderly and consequently improve their 
functional performances or disabilities could be crucial 
for adopting health management strategies [19, 20].

It is common to utilize sensors or wearable devices 
for functional fitness examinations based on the evalu-
ation of the impairment in physical activities [21], and 
abundant research has utilized different techniques and 
approaches for this purpose. While wearable sensors 
offer convenience and are commonly used in research 
laboratories, the quality of collected signals relies on cor-
rect positioning to minimize potential noise [22]. This 
dependency on accurate sensor placement poses chal-
lenges for the widespread application of wearable sensors 
in home-care systems. Ensuring consistent and reliable 
signal quality in a home-care setting may require addi-
tional considerations such as user education, proper sen-
sor placement guidance, and potential advancements in 
sensor technology that mitigate noise and improve sig-
nal accuracy [23]. Conversely, optical motion capture 
cameras could be used as an accepted method of patient 
motion analysis [24, 25]. Therefore, the Microsoft Kinect 
sensor can be utilized as a robust, marker-free, low-cost, 
and reliable device that can record proximity and depth 
data in real-time [26–29].

Previous research studies have established the reli-
ability and validity of utilizing Kinect technology for the 
analysis and detection of balance, gait, and posture con-
trol [30–32]. By leveraging Kinect’s capabilities, health-
care professionals can obtain accurate and objective 
measurements to evaluate the functional movements 
of individuals, leading to improved diagnoses, inter-
ventions, and overall healthcare outcomes. Hence, the 

and walking speed tests for their moderate validity. However, Kinect’s fundamental motion detection capabilities 
demonstrate its potential for future applications in telerehabilitation in different healthcare settings.
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Kinect could be used as an encouraging technology for 
providing reliable solutions for patient movement analy-
sis in home-care systems [27, 33]. However, there is a lack 
of a practical study to comprehensively investigate the 
feasibility of developing a functional fitness assessment 
system using Kinect sensors, which can be beneficial for 
developing homecare strategies. Hence, the main objec-
tive of this study was to evaluate the feasibility of this 
technique for the assessment of changes in physical func-
tion in elderly.

Methods
Recruitment
Phase 1: Assessment of young subjects
Thirty-five young healthy volunteers (25.0 ± 5.7 years old, 
168.3 ± 8.4  cm, and 62.5 ± 11.9  kg), including 19 males 
(25.7 ± 5.6 years old, 174.5 ± 4.8  cm, and 68.7 ± 12.2  kg), 
16 females (24.3 ± 5.9 years old, 160.9 ± 5.2  cm, and 
55.0 ± 5.7  kg) were recruited in the first phase of this 
study to evaluate the reliability and validity of a Kinect 
based fitness evaluation and traditional physical exami-
nation. The sample size of the experimental tests using a 
power test of 95% and a significance level of 0.05, was at 
least 34 participants. Accordingly, the sample size condi-
tion was fulfilled in the first phase of this study by includ-
ing 35 young healthy volunteers. The healthy volunteers 
participated in the test-retest study at the Movement 
Science and Assistive Technology Laboratory of Chang 
Gung University for two separate testing sessions approx-
imately seven days apart. All participants met the follow-
ing inclusion criteria: (1) age 18 or over, (2) participants 
can easily operate with both hands (3) participants can 
walk independently for at least 10 m. On the other hand, 
the participants were excluded if any of the following 
conditions occurred: (1) adopting cardiac pacemakers or 
obvious arrhythmia, infection, cancer, and hematological 
and other internal diseases (2) acute visual disturbance or 
reading disorder that may make difficulty for reading the 
instructions on the screen.

Phase 2: Assessment of elderly subjects
Six hundred and sixty-five elderly subjects (70.0 ± 5.7 
years old, 160.2 ± 8.1  cm, and 60.5 ± 10.2  kg), includ-
ing 234 males (70.7 ± 5.5 years old, 167.3 ± 6.5  cm, 
and 67.2 ± 10.0  kg), 431 females (69.6 ± 5.8 years old, 
156.3 ± 6.1  cm, and 56.9 ± 8.2  kg) were recruited in the 
second phase of this study to examine the cross-mode 
similarity between the Kinect based fitness evaluation 
model and the physical examination approach. The sec-
ond phase of this study fulfilled the sample size require-
ment, as a minimum of 567 participants was determined 
based on a power test of 95% and a significance level of 
0.05. The elderly volunteers participated in this cross-
sectional study at the National Taiwan University 

Hospital and Changhua Christian Hospital in Taiwan as 
well as the National Research Center for Rehabilitation 
Technical Aids in China from 2020 to 2022. The inclusion 
criteria were as follows: (1) age 55 or over, (2) participant 
can easily operate with both hands (3) participants can 
walk independently for at least 10 m using or not using 
assistive devices. The exclusion criteria were the same as 
the recruitment criteria for healthy volunteers in the first 
phase.

Signed informed consents were acquired from all sub-
jects in both experimental phases prior to their enrol-
ment in this clinical protocol, which was approved by 
the university ethics committee (Chang Gung Memorial 
Hospital, Approval number: 201900410B0A3), and all 
subjects provided informed consent. Adequate explana-
tions about the experimental test procedure were given 
to all subjects prior to performing the experiments.

Experimental test procedure
The Kinect sensor (Microsoft Xbox One Kinect V2, 
Microsoft Corporation, Redmond, WA, USA) equipped 
with customized software was used to capture and cal-
culate the movement of joint centers when performing 
the functional evaluation. The signal obtained by Kinect 
V2 was collected using a Mini PC (Intel Core i5-8259U 
@ 2.30 GHz, 16 GB of RAM, and Intel Iris Plus Graph-
ics 655). Customized software (LongGood MediTech Ltd. 
Taipei, Taiwan) was employed to calculate data related to 
various functional actions. Furthermore, the user inter-
face of the customized software system was displayed 
on the screen. To obtain the ideal data, the recommen-
dations for using the Kinect sensor were carefully con-
sidered (i.e., using tight clothes, no shiny black fabric or 
reflexes, no moving hair, and no sunlight).

Subjects performed the following seven functional 
assessment tests, simultaneously monitored by a profes-
sional physical therapist and the Kinect system, includ-
ing: (1) one-leg stance (OLS); (2) functional reach (FR); 
(3) sit-to-stand (STS); (4) timed-up to go (TUG); (5) arm 
curl (AC); and (6) two-minute step test (TMST). These 
physical tests were selected to evaluate the ability to keep 
balance, the muscular strength of the upper and lower 
body, agility, and aerobic endurance, respectively [34–
36]. In addition, gait analysis was performed to assess 
the subjects’ mobility based on their walking speed. The 
details of experimental test procedures are described in 
Table 1. To avoid fatigue of the extremities, the sequence 
of the tests was performed from test No. 1 to 6 and two-
minute rests among the tests were considered. All sub-
jects could easily follow the guidance from the screen to 
perform the aforementioned experimental procedure.

Prior to starting the tests, the screen showed audio 
guidance to participants with animations and subtitles 
to explain how to perform the experimental procedure 
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step by step. A five-second countdown was predicted 
to get the participants ready to perform the requested 
functions. When the countdown ends, Kinect V2 begins 
to capture the movement of joint centers and the actual 
images displayed on the screen for better visual feed-
back at the same time. At the end of each test, the screen 
shows the test results and the system can output a final 
report. In the meantime, an expert examiner manually 
evaluated the functional tests and measured the gait 
speed using a chronograph. Figure 1 shows the schematic 
procedure of the developed system.

Experimental test evaluations and data analysis
These movements were captured relative to the Kinect 
V2 camera located directly in front of the subjects. 
Three-dimensional motion parameters were acquired 
from the data of 25 joint points identified by the skele-
ton tracking system at 30 Hz and the movement of joint 
centers was calculated using the customized software 
(LongGood MediTech Ltd. Taipei, Taiwan) [40]. In the 
first phase, reliability and validity analyses of the devel-
oped fitness evaluation model were evaluated for young 
subjects. Each experimental test was repeated two times 
on the same day to assess the “within-day reliability” 
and participants attended two separate testing sessions 
approximately seven days apart to evaluate the “between-
day reliability”. In addition, the comparisons of the fitness 
evaluation using the Kinect-based system and the tradi-
tional physical examination system were evaluated using 
criterion-related validity.

In the second phase, the cross-mode similarity between 
the Kinect-based and physical examination techniques 
was evaluated for elderly subjects who were our target 
group. The System Usability Scale (SUS) was utilized to 
inspect the acceptability of the system. The SUS included 
10 questions about several aspects of subjects’ feelings, 
such as ease of use, satisfaction, importance, happiness, 
and usefulness (Appendix 1). The SUS items included 
5 forward questions (question 1,3,5,7,9) and 5 reverse 
questions (question 2,4,6,8,10) [41, 42]. Each item can 
be scored on a 5-point Likert scale from 1 (strongly dis-
satisfied) to 5 (strongly satisfied). For overall satisfaction, 
the Questionnaire for User Interface Satisfaction (QUIS) 
was used. The prepared questionnaire contained four 
aspects, including (1) overall experience with the system, 
(2) quality of the display contents, (3) system messages 
readability, and (4) ease of learning how to use the sys-
tem based on the system guidelines. The QUIS included 
16 questions (Appendix 2) which can be scored on a 
7-point Likert scale from 1 (strongly dissatisfied) to 7 
(strongly satisfied). We separated the two blocks of func-
tional assessment tests by the questionnaire assessments 
to minimize the fatigue effects (Fig. 2).

Statistical analysis
All statistical analyses were performed in SPSS (SPSS 
Inc., Chicago, IL, USA). The reliability (within-day and 
between-day) of the Kinect-based system was analyzed 
by the intraclass correlation coefficient (ICC) with a 
95% confidence interval (CI) using a two-way mixed 
effect model based on single ratings and absolute agree-
ment. The achieved results can be classified into four 
groups [43] (i.e., “poor” for ICC < 0.5, “moderate” for 
0.5 ≦ ICC < 0.75, “good” for 0.75 ≦ ICC < 0.9, and “excel-
lent” for ICC ≧ 0.9). The 95% CI for the limits of agree-
ment (LOA) was evaluated to check the concurrent 

Table 1 Movement protocol from the movement tasks
Movement Ability Test Procedure
One Leg 
Stance

Balance The users stand on their dominated 
leg without assistive device, and keep-
ing their arms by sides. The test is over 
after 45s has elapsed. When the stance 
foot shifts, or when the lifted foot col-
lapsed, the test is over, too. The stance 
time will be recorded [37].

Functional 
Reach

Balance The users stand in a neutral position 
and then raise the arm forward to 
shoulder height. As instructed, the 
user is then asked to reach forward 
as far as possible without moving the 
feet while keeping the arm horizontal. 
The distance of the tip of the middle 
finger between initial and the furthest 
positions was recorded [38].

Sit to Stand Lower body 
strength

The users are asked to stand and 
sit as fast as possible repeatedly for 
30 s with arms folded across chests. 
The number of repetitions is then 
recorded. Besides, only full stands and 
sits will be identified [39].

Timed-Up 
to Go

Agility and 
balance

A chair is firstly set 4 m away from the 
Kinect sensor. Users are instructed to 
stand from a seated position in a chair, 
walk at their fastest pace for 3 m, turn 
around, return to the chair and sit back 
down. Total time is then recorded [15].

Arm Curl Upper body 
strength

The users begin with sitting on a 
chair without the arm rest. Dumbbell 
measuring 5 lbs and 8 lbs is applied 
for females and males respectively. 
The number of flexion-extension of 
the dominant elbow within 30 s are 
recorded [15].

2-Min 
Stepping

Aerobic 
endurance

Users are asked to raise each knee 
to a point midway between the 
patella and iliac crest. And they must 
alternately raise their knees as fast as 
possible for 2 min. The number of full 
steps is then recorded [15].

Gait Speed Mobility Users are asked to stand in a neutral 
position 4 m away from the Kinect 
sensor at the beginning. They are then 
instructed to walk forward at their 
usual pace. The gait speed is calcu-
lated and recorded.
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validity of the Kinect-based system compared to the 
physical examination. Pearson’s correlation coefficients 
were calculated the interclass correlation (r) to evaluate 
the consistency of the proposed techniques for differ-
ent functional assessment tests. The level of relationship 
between the two techniques can be categorized into four 
groups (i.e., “modestly correlated” for r < 0.39, “moder-
ately correlated” for 0.4 < r < 0.69, “highly correlated” for 
0.7 < ICC < 0.99, and “perfectly correlated” for r = 1). Fur-
ther, a non-parametric methodology was implemented 
for the Bland-Altman analyses. Agreement between the 
two techniques was plotted graphically by Bland–Alt-
man plots for different functional assessment tests. The 
95% limits of agreement were calculated as mean differ-
ence ± 1.96 standard deviation (SD) of the differences. 
Finally, descriptive statistical analyses of the outcome 
measurements from SUS and QUIS were performed.

Results
Means and standard deviations of outcome measures 
during all functional assessment tests to investigate the 
validity and reliability of results for young healthy vol-
unteers are shown in Table 2. The ICC values of “within-
day” and “between-day” reliability ranged from 0.633 
to 1.0 and 0.686 to 1.0 for the Kinect-based system and 
physical examination, respectively (Table  2). Moderate 
to excellent reliability was found for both “within-day” 
and “between-day” for all tests (i.e., “good” to “excellent” 
reliability for OLS, STS, AC, and TMST, and “moderate” 
reliability for FR, TUG, and GS). The overall agreement 
between the two devices was highly correlated (r ≧ 0.7) 
for all functional assessment tests in young healthy vol-
unteers (Table 3).

In the second phase, the Kinect-based system and phys-
ical examination showed “highly correlated” for the OLS, 

Fig. 2 Schematic study protocol (OSL: one-leg stance; FR: functional reach; STS: sit-to-stand; TUG: timed-up to go; AC: arm curl; and TMST: two-minute 
step test)

 

Fig. 1 General overview of the architecture of the developed system
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STS, TUG, AC, and TMST (r values ranged from 0.858 to 
0.988), and “moderately correlated” for the FR and GS (r 
values were 0.484 and 0.493, respectively) (Table 4).

Visual inspection of the Bland–Altman plots revealed 
a uniform variability for the majority of tests which 
was confirmed by low correlation coefficients between 

the mean values and the absolute difference from the 
Kinect-based system and physical examination technique 
(Fig. 3). In addition, the average calculated SUS score was 
84.4 ± 18.5 which is rated as excellent for user satisfac-
tion. Items No. 3 and 5 in forward questions and item No. 
4 in reverse questions got the highest average scores. The 
average scores for each question in the QUIS evaluation 
technique ranged from 6.5 to 6.7.

Discussion
The ability to evaluate the functional fitness of the elderly 
using a portable, noncontact, and easy-to-use system 
could provide research and clinical benefits. The cur-
rent study aimed to assess the concurrent reliability and 
validity of a developed functional fitness system using 
the Kinect sensor compared to the traditional physical 
examination technique. The Kinect system is a feasible 
and practical motion-sensing device [27, 44] to extract 
skeletal movement data. The application of the Micro-
soft Kinect was formally validated to assess impairment 
and balance compared to the gold standard instruments 
such as wearable sensors and motion capture techniques 
[45–47]. The findings of this study highlight the substan-
tial reliability and validity of the functional fitness sys-
tem in both young and elderly populations. The strong 
correlation observed between the movements analyzed 
through this system and traditional physical examina-
tion methods suggests that the Kinect sensor holds sub-
stantial promise for integration into clinical screening 

Table 2 Evaluation of the reliability for the Kinect-based fitness evaluation model and physical examination (PE).
Movement Within Day 1 Within Day 2 Between Days

Trial 1 Trial 2 ICC Trial 1 Trial 2 ICC Day 1 Day 2 ICC
OLS(s)
PE 45.0 ± 0.0 45.0 ± 0.0 1.0 44.8 ± 1.4 45.0 ± 0.0 1.0 45.0 ± 0.0 44.9 ± 1.0 1.0

Kinect 45.0 ± 0.0 45.0 ± 0.0 1.0 44.8 ± 0.9 45.0 ± 0.0 1.0 45.0 ± 0.0 44.9 ± 0.7 1.0

FR (cm)
PE 36.5 ± 4.9 37.2 ± 5.9 0.895 37.2 ± 5.6 38.5 ± 5.8 0.939 36.9 ± 0.5 37.8 ± 0.9 0.889

Kinect 36.4 ± 5.6 37.6 ± 5.5 0.735 38.1 ± 5.9 37.1 ± 5.8 0.809 37.0 ± 0.9 37.6 ± 0.7 0.777

STS (times)
PE 22.2 ± 4.3 25.0 ± 5.3 0.903 24.9 ± 5.3 26.1 ± 5.1 0.945 23.6 ± 2.0 25.5 ± 0.9 0.815

Kinect 22.1 ± 4.5 24.9 ± 5.3 0.901 24.7 ± 5.5 26.0 ± 5.2 0.942 23.5 ± 2.0 25.4 ± 0.9 0.797

TUG (s)
PE 5.3 ± 0.7 5.1 ± 0.7 0.927 5.1 ± 0.7 5.0 ± 0.6 0.910 5.2 ± 0.2 5.0 ± 0.1 0.799

Kinect 5.2 ± 1.2 5.1 ± 1.1 0.933 5.2 ± 1.1 4.9 ± 0.9 0.679 5.2 ± 0.1 5.0 ± 0.2 0.764

AC (times)
PE 21.7 ± 5.2 23.2 ± 5.5 0.961 23.5 ± 4.1 24.2 ± 4.7 0.932 22.5 ± 0.2 23.9 ± 0.5 0.902

Kinect 21.6 ± 5.2 23.1 ± 5.5 0.960 23.4 ± 4.1 24.2 ± 4.7 0.932 22.3 ± 1.0 23.8 ± 0.6 0.903

GS (m/s)
PE 1.1 ± 0.2 1.1 ± 0.2 0.810 1.2 ± 0.2 1.2 ± 0.2 0.854 1.1 ± 0.0 1.2 ± 0.0 0.686

Kinect 1.0 ± 0.2 1.1 ± 0.2 0.873 1.1 ± 0.2 1.1 ± 0.2 0.795 1.1 ± 0.0 1.1 ± 0.0 0.633

TMST (steps)
PE 309.0 ± 75.1 326.3 ± 76.3 0.929 323.5 ± 73.7 335.9 ± 65.5 0.849 317.7 ± 12.2 329.7 ± 8.7 0.910

Kinect 304.6 ± 76.0 319.4 ± 79.5 0.937 321.0 ± 76.0 335.1 ± 65.0 0.852 312.0 ± 10.5 328.1 ± 10.0 0.874

Table 3 Evaluation of the validity for the Kinect-based fitness 
evaluation model and physical examination (PE).

PE Kinect Corre-
lation 
(r)

One Leg Stance (OLS) (sec) 44.9 ± 0.7 44.9 ± 0.5 1.000

Functional Reach (FR) (cm) 37.8 ± 5.5 37.6 ± 5.4 0.823

Sit to Stand (STS) (times) 25.5 ± 5.1 25.4 ± 5.2 0.998

Timed-Up to Go (TUG) (sec) 5.1 ± 0.6 5.1 ± 0.8 0.741

Arm Curl (AC) (times) 23.9 ± 4.2 23.8 ± 4.2 0.999

Gait Speed (GS) (m/s) 1.2 ± 0.2 1.1 ± 0.2 0.858

Two min Stepping (step) 329.7 ± 65.0 328.1 ± 66.0 0.998

Table 4 Cross-mode similarity between the Kinect-based fitness 
evaluation model and physical examination

PE Kinect r P
One Leg Stance (sec) 25.7 ± 16.1 26.2 ± 16.1 0.988 0.000*
Functional Reach (cm) 33.2 ± 5.3 33.3 ± 6.6 0.484 0.000*
Sit to Stand (times) 16.1 ± 4.2 15.8 ± 4.4 0.948 0.000*
Timed-Up to Go (sec) 7.1 ± 1.5 8.1 ± 2.1 0.858 0.000*
Arm Curl (times) 16.6 ± 4.8 16.5 ± 4.5 0.931 0.000*
2-min Stepping (step) 210.5 ± 39.0 207.7 ± 40.1 0.940 0.000*
Gait Speed (m/s) 1.2 ± 0.2 1.3 ± 0.3 0.493 0.000*
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Fig. 3 Bland–Altman plots for different functional assessment tests. Mean difference between Kinect-based and traditional physical examination: limits 
of agreements (± 1.96 ∗ standard deviation (SD))
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programs. The selected functional tests employed in this 
study were deliberately designed to be simple and easily 
performed without the need for specialized equipment 
or utilities. Consequently, this technique has the poten-
tial to be readily implemented in patients’ homes or small 
clinics, making it a suitable approach for telerehabilita-
tion initiatives. In addition to its practical applicability, 
the feedback survey conducted among elderly indi-
viduals who utilized this system revealed their positive 
experiences. Specifically, the system was praised for its 
excellent usability and interface legibility. These aspects 
contribute significantly to enhancing Information and 
Communication Technology (ICT) based health manage-
ment systems. By providing an intuitive and user-friendly 
platform, this functional fitness system has the potential 
to contribute positively to the advancement and effec-
tiveness of ICT-driven health management approaches. 
Given its reliability, validity, simplicity, and user-friendly 
nature, the functional fitness system, with the integration 
of the Kinect sensor, emerges as a valuable tool with the 
potential to enhance clinical screening, facilitate telere-
habilitation in diverse settings, and improve the over-
all quality of ICT-based health management systems. 
Further research and implementation are warranted to 
fully explore the scope and benefits of this technology in 
broader healthcare contexts.

Compared to traditional health management strategies, 
taking advantage of the ICT and Internet of Things (IoT) 
can be a technology-based way to play up “personalized” 
and ”accessible” in homecare services. Numerous studies 
have provided evidence supporting the notion that these 
emerging technologies have the capacity to decrease the 
elderly’s reliance on family members or caregivers [48] 
while simultaneously improving their quality of life [49, 
50]. Smart technologies can contribute to optimizing 
health management in medical institutions, executing 
accurate clinical decisions, and setting up customization. 
The progress of ICT in health management has the poten-
tial not only to facilitate the diagnosis and treatment to 
distant patients, tightening up the relationship between 
the seniors and their caregivers and medical workers 
but also to enable their family members to understand 
the elders’ physical conditions [6]. Although numerous 
research activities have been focused on the application 
of ICT for health management, limited researches make 
use of smart health strategies as a fashion in home diag-
nosis or predicting diseases or disability of the elderly 
population [6, 51]. Functional motion detection has 
proven to be effective in predicting disability and fall risk 
in the past. The findings of this study demonstrate the 
utilization of this system for remote monitoring of cases 
and systematic collection of data. The collected data 
is then sorted and stored in an organized manner. Fur-
thermore, machine learning algorithms can be applied to 

calculate the severity of the case. The functional actions 
capture by the system correspond to the level of disability 
or overall health status.

A comparative investigation of the achieved results in 
the first and second phases of this study demonstrated 
a higher correlation coefficient (r) between Kinect and 
physical examination for young subjects, excluding the 
TUG test. Based on analyzing the motion patterns, we 
found that this subject may refer to the smaller values 
of joint angles and movement amplitudes for the elderly 
group, which can lead to errors in motion capturing 
using the Kinect system [52]. This is consonant with the 
fact that seniors change their activity strategies by reduc-
ing their movement range in exchange for physical stabil-
ity and balance [53]. Similar results have been discussed 
in the literature [54] by assessing the changes in body 
centroid of the static and dynamic balance of the young 
and the elderly groups using Kinect, in which the valid-
ity of the elderly is slightly lower than that of the young 
subjects.

On the other hand, the correlation coefficient for FR 
and GS tasks significantly dropped to 0.484 and 0.493, 
respectively, which is classified as moderately correlated. 
Regarding the FR test, we recognize that the judgment of 
the developed software may be different from the stan-
dard measurements of the traditional physical exami-
nation. The operational definition of FR starts from the 
“middle fingertip” as the reference point for measuring 
distance, however, it is defined as a calculated difference 
in the relative position of the shoulder joints on both 
sides using the depth information from the Kinect sen-
sor. The assessment point on the shoulder could poten-
tially be hindered or obstructed by the subject’s limb or 
body [55]. In addition, it results in overestimating the 
distance when the left joint is relatively backward com-
pared to the right joint due to the “trunk rotation” move-
ment. However, we found that there is no proportional 
bias in the achieved results as there is no regular rela-
tionship between the Kinect-based system and physical 
examination.

In this study, we adopted “manual timing” to calcu-
late “walking speed” and compared it with Kinect data 
instead of adopting the motion analysis system (such as 
Vicon 3D motion analysis, Optotrak System 3D motion 
analysis, etc.) to provide huge data from the elderly popu-
lation. The research investigations which employed the 
“manual timing” technique achieved correlations rang-
ing from “moderate” to “high” levels [34, 56–58]. Simi-
larly, the measurement results in gait analysis can be 
influenced by various methodological factors, such as the 
positioning of the Kinect sensor and the distance of the 
test conducted.

SUS presents the subject’s overall subjective feelings 
when using the system. The results showed that the 
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subjects have an excellent overall user experience and 
indicate that the system is comprehensive and easy-to-
use. Nevertheless, the percentage of people willing to 
use it frequently does not correspond to the percentage 
of the number of people who feel good about the sys-
tem. According to the subjects’ feedback, some felt that 
the operation could be further simplified to flatten the 
learning curve. If it is placed at home, there are still some 
issues like space limitations or lack of motivation to con-
duct the test themselves. Based on the reverse questions, 
the subjects pointed out that they did not have the confi-
dence to operate the fitness evaluation system indepen-
dently. Those mentioned above are obstacles that reduce 
the willingness to use the system frequently. In addition, 
the relative lower facets in the QUIS are “the overall 
reflection to the operation screen” and “learning”. Some 
subjects respond that the font size is too small, the sub-
titles appear too fast, and the explanatory texts are too 
complicated to read for the elderly.

This research is one of the studies that rarely takes 
advantage of the Kinect system for the overall functional 
motion of the elderly. However, some limitations in the 
current study should be deliberated. While testing for 
specific actions remains subject to certain limitations, the 
determination of actions and processing of data can be 
enhanced by optimizing algorithms through mathemati-
cal adjustments. Techniques such as spline interpolation 
can be utilized to ensure the stability of sampling in the 
Kinect device. Additionally, the resolution of the depth 
image can be improved by employing algorithms like the 
randomized decision forest algorithm. These optimiza-
tion measures contribute to overcoming challenges and 
improving the accuracy of action determination and data 
processing [30]. As for the method for Kinect to acquire 
motion information, we utilized the official SDK to con-
duct the skeleton tracking [59]. Considering that the 
functional reach and walking speed are only related to 
“moderate” in this study, we suggest that researchers can 
use the raw data as a base to adjust algorithms, or further 
explore other action parameters to establish a test with 
better validity. Furthermore, as indicated by the satisfac-
tion results of this system among the elderly, the testers 
cannot personally operate the Kinect-based system with 
the current version of software. We aim at providing 
the user with training in “teaching sessions” with more 
intuitive gesture control features in the future. Based on 
the users’ feedback, it is also suggested that the “pre-
training confirmation” is the key to amply the willing-
ness of the elderly to use and enhance their acceptance of 
technology.

Conclusions
COVID-19 has opened and popularized alternate forms 
of healthcare delivery, even in telehealth. In the overall 
research, inspecting functional motion with Kinect has 
moderate reliability and validity in functional reach and 
walking speed, while having good reliability and validity 
in the others. It indicates that if the “distance” between 
the tester and Kinect sensor changes during the test, it 
will cause errors in measurement. Even though Kinect as 
an inspection tool requires optimization of its algorithm 
and experimental settings, it still has the capability to 
capture and analyze motions with an easy-to-use feature. 
It also shows the potential to be widely used in clinical 
settings, and further be applied to inspect people who 
suffer from impaired motion function, such as stroke and 
asthenia, etc. Besides, it can also be eventually integrated 
into personalized training protocols [52, 60] based on 
the results of fitness evaluation, making it a great health 
assistant in telerehabilitation.
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