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Abstract
Objective Through a randomized controlled trial on older adults with sarcopenia, this study compared the training 
effects of an AI-based remote training group using deep learning-based 3D human pose estimation technology with 
those of a face-to-face traditional training group and a general remote training group.

Methods Seventy five older adults with sarcopenia aged 60–75 from community organizations in Changchun city 
were randomly divided into a face-to-face traditional training group (TRHG), a general remote training group (GTHG), 
and an AI-based remote training group (AITHG). All groups underwent a 3-month program consisting of 24-form 
Taichi exercises, with a frequency of 3 sessions per week and each session lasting 40 min. The participants underwent 
Appendicular Skeletal Muscle Mass Index (ASMI), grip strength, 6-meter walking pace, Timed Up and Go test (TUGT), 
and quality of life score (QoL) tests before the experiment, during the mid-term, and after the experiment. This study 
used SPSS26.0 software to perform one-way ANOVA and repeated measures ANOVA tests to compare the differences 
among the three groups. A significance level of p < 0.05 was defined as having significant difference, while p < 0.01 
was defined as having a highly significant difference.

Results (1) The comparison between the mid-term and pre-term indicators showed that TRHG experienced 
significant improvements in ASMI, 6-meter walking pace, and QoL (p < 0.01), and a significant improvement in TUGT 
timing test (p < 0.05); GTHG experienced extremely significant improvements in 6-meter walking pace and QoL 
(p < 0.01); AITHG experienced extremely significant improvements in ASMI, 6-meter walking pace, and QoL (p < 0.01), 
and a significant improvement in TUGT timing test (p < 0.05). (2) The comparison between the post-term and pre-term 
indicators showed that TRHG experienced extremely significant improvements in TUGT timing test (p < 0.01); GTHG 
experienced significant improvements in ASMI and TUGT timing test (p < 0.05); and AITHG experienced extremely 
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Introduction
Sarcopenia is a debilitating age-associated condition 
characterized by the gradual and widespread degenera-
tion of skeletal muscle mass and function [1], affecting 
5–13% of adults aged 60–70 years and 11–50% of those 
aged 80 years or older worldwide [2]. Guidelines of the 
Asian Working Group for sarcopenia [3], the task force 
of the International Conference on sarcopenia and 
Frailty Research [4], and the Singapore Society for Geri-
atric Medicine [5] all strongly endorse exercise training 
as the first-line therapy for the management of sarcope-
nia. Exercise programs, in particular, represent a cru-
cial component of rehabilitation and have been shown 
to have a favorable impact on sarcopenia [6–11], the 
implementation of Chinese traditional exercise resulted 
in a 27.8% reverse in sarcopenia [12]. Despite the known 
benefits, participation in and adherence to exercise 
training among older adults with chronic musculoskel-
etal conditions are even lower than among the general 
old population [13, 14]. Factors hindering older adults’ 
adherence to exercise include several aspects. Firstly, lack 
of resources, such as access to exercise facilities, equip-
ment, but mainly professional coaches or doctors. Study 
shows most doctors have limited knowledge of sarcope-
nia [15]. And adequate screening and diagnosis is almost 
nonexistent in current clinical practice, which hampers 
interventions [16]. Secondly, logistical and psychological 
barriers, such as transportation and expense issues [13, 
17]. The expenses associated with rehabilitation remain 
substantial, requiring extended periods of engagement 
with a medical practitioner or certified trainer [18]. Addi-
tionally, even when financially feasible, individuals may 
encounter limited access to medical resources within cer-
tain regions or nations [13, 19, 20]. Hence, effective and 
widely applicable rehabilitation therapy for sarcopenia 
has emerged as a critical issue.

Fortunately, tele-rehabilitation, the delivery of reha-
bilitation services at a distance by electronic informa-
tion and communication technologies [21, 22], has been 
shown to provide comparable effects with in-person 
rehabilitation or better than no rehabilitation in various 
conditions [23]. Specifically, tele-rehabilitation has been 

demonstrated to enhance physical function [24], increase 
muscle strength [25], and improve the overall QoL [26] 
among sarcopenia patients. However, despite the poten-
tial of existing approaches to overcome location-related 
challenges, it is still necessary for prolonged professional 
supervision of the rehabilitation process for older adults 
with sarcopenia. The research suggests that incorrect 
exercise postures can result in temporary or permanent 
disabilities [27]. Therefore, a pressing question arises: 
how can remote rehabilitation for individuals with sarco-
penia be conducted both accurately and effectively?

The rapid advancements in the field of artificial intel-
ligence (AI) have opened up new avenues for tele-reha-
bilitation: integrating AI as a professional supervisory 
role to assist older adults with sarcopenia. Pose estima-
tion, involves detecting the position and orientation of 
a person or an object from videos or images, which can 
enhance the accuracy [28] and quality [29] of tele-reha-
bilitation services based on 2D estimation. Due to the 
capability of 2D pose estimation to facilitate the measure-
ment of changes in patients’ postures and movements, 
it can assist in assessing the function of their limbs or 
joints and tracking their recovery progress [30–32] and 
provide feedback during therapy sessions, which enables 
patients to understand and correct any posture or move-
ment issues [29, 33]. However, to the best of our knowl-
edge, previous studies have utilized 2D pose estimation, 
which may lose significant details, particularly in com-
plex rehabilitation actions such as those in Chinese tra-
ditional exercise. In contrast, 3D pose estimation involves 
the estimation of the 3D orientation and position of 
joints (such as shoulders, elbows, wrists, hips, knees, and 
ankles) in human pose estimation. Thus, we proposed 
combining 3D pose estimation as a professional supervi-
sory role with tele-rehabilitation exercise training to form 
a tele-rehabilitation program.

In summary, we propose a novel approach for tele-
rehabilitation based on deep learning 3D human pose 
estimation. Our approach aims to evaluate the effective-
ness and practicality of the tele-rehabilitation method 
over a 12-week experiment. Building upon previous 
research, our hypothesis is that 3D pose estimation is 

significant improvements in TUGT timing test (p < 0.01). (3) During the mid-term, there was no significant difference 
among the groups in all tests (p > 0.05). The same was in post-term tests (p > 0.05).

Conclusion Compared to the pre-experiment, there was no significant difference at the post- experiment in the 
recovery effects on the muscle quality, physical activity ability, and life quality of patients with sarcopenia between 
the AI-based remote training group and the face-to-face traditional training group. 3D pose estimation is equally as 
effective as traditional rehabilitation methods in enhancing muscle quality, functionality and life quality in older adults 
with sarcopenia.

Trial registration The trial was registered in ClinicalTrials.gov (NCT05767710).
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equally as effective as traditional rehabilitation methods 
in enhancing muscle quality, strength, and functionality 
in older adults with sarcopenia.

Methods
This study is a single-center, prospective, unmasked (with 
randomization concealment) randomised controlled trial 
introducing a hybrid comprehensive tele-rehabilitation 
program in elder patients with sarcopenia, conducted 
between May to August 2023. The trial was approved by 
the Ethics Committee of Northeast Normal University 
(number: NC2022121703) and registered in ClinicalTri-
als.gov (NCT05767710)(14/03/2023). Participants signed 
an informed consent upon their agreement to partici-
pate in the study. We conducted the study at the Chinese 
Research Center for Exercise Epidemiology.

Participants and randomization
To determine the appropriate sample size for our study, 
we used G*Power for statistical power analysis [34]. We 
based on Cohen’s-D formulas, set the effect size to 0.4, 
the power to 90%, the α error probability to 0.05, the 
number of groups to 3, and the number of measurements 
to 3. Based on these settings, GPower calculated that we 
needed at least 17 participants in each group to achieve 
sufficient statistical power. To account for possible drop-
outs, we increased the sample size by 20%, resulting in 
a minimum of 21 participants per group. Since we had 
three groups in our study, the total sample size required 
was at least 63 individuals.

Considering that the prevalence of sarcopenia among 
older adults in China is about 17% [35], and combined 
with the minimum number of experiments needed for 
this study, we recruited 384 volunteers from six commu-
nities in Changchun, China, using flyers, social media, 
and word-of-mouth. Finally, We recruited 75 participants 
in this experiment according to the following inclusion 
and exclusion criteria. Inclusion criteria: (1) aged bete-
ween 60–75 years; (2) meet the screening criteria for 
sarcopenia in Asia established by AWGS 2019 [3], details 
in following part Assessment of the sarcopenia; (3)have 
a computer at home and (4) who can use a computer or 
was accompanied by family number who can use a com-
puter. Exclusion criteria: (1) participants taking medica-
tions that significantly impact musculoskeletal function; 
(2) participants suffering from respiratory failure or other 
bodily problems; (3) participants with mental disorders 
or neurological disorders; (4) patients who participate in 
other training programs on a regular basis; (5) have stud-
ied Taichi systematically or mastered Taichi proficiently. 
Stratified randomization was performed based on the 
gender of the 75 participants, resulting in two groups: 
males and females. Then, the computer randomization 
method was employed to generate a random number 

for each participant, and they were arranged in ascend-
ing order according to these random numbers. With the 
random number sequence as the foundation, the partici-
pants were allocated to different groups in a sequential 
and random manner, face-to-face traditional training 
group (TRHG), a general remote training group (GTHG), 
and an AI-based remote training group (AITHG). To 
ensure rigor, the Taichi videos used in the GTHG and 
AITHG were recorded by the same Taichi instructor 
who also provided in-person guidance to the TRHG. The 
Taichi instructor was only involved in the online video 
recording and offline course guidance and did not par-
ticipate in any other experimental procedures.

Study design
All intervention groups underwent a 3-month program 
consisting of 24-form Taichi exercises, with a frequency 
of three sessions per week. The intervention period can 
be divided into two stages: Stage 1: Basic Stage (1–4 
weeks): This stage is the movement learning and review 
and consolidation stage, four new movements are learned 
in each class, the review and consolidation exercises of 
the first four movements are completed in the second 
class, and the four new movements are learned in the 
third class, until all movements are learned and reviewed. 
Stage 2: Intensive Phase (5–12 weeks): This is the formal 
practice phase, with two complete sets of Taichi exercises 
in each lesson. Specifically, the TRHG received a total of 
36 in-person sessions of traditional Taichi training. The 
GTHG utilized Tencent Meeting software for 36 train-
ing sessions conducted remotely. Similarly, the AITHG 
engaged in 36 training sessions using the AI-based 
remote rehabilitation program proposed in this study. 
Each session lasting 40 min, with a 10-minute warm-up 
activity at the beginning and a 5-minute relaxation activ-
ity at the end of each session. Prior to the formal experi-
ment, a pre-test was conducted to gather baseline data 
for all three groups. At the 8-week mark, a critical mid-
intervention test was conducted to compare the indices 
of the participants in each group. This time point was 
specifically chosen because previous studies have shown 
that short-term exercise training (< 8 weeks) does not 
have an effect on muscle structure [36, 37]. Therefore, 
the 8-week time point offers a pivotal moment to assess 
the initial benefits of the intervention, providing a more 
comprehensive evaluation of the rehabilitation effects 
and intervention efficacy. Following the completion of 
the experiment, a final post-test was conducted on the 
participants. The testing content, procedures, sequence, 
and location were identical to the pre-test, as shown in 
Fig. 1.

The specific implementation details for each group are 
as follows:
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1) TRHG: All sessions were conducted offline and 
implemented by professional Taichi instructors. The 
audio from the video used for the other two groups was 
utilized to assist the practice of participants in TRHG.

2) GTHG: All sessions were conducted in an online 
format, with participants practicing along with Taichi 
videos while a professional Taichi instructor supervised 
and guided the movements throughout the session. A 
computer connected to a high-resolution webcam was 
used to establish real-time remote visual communication 
between the rehabilitation unit and the patient’s home via 
Tencent conferencing software (Meeting-Tencent).

3) AITHG: All sessions were conducted online, with 
participants practicing along with Taichi videos while 
the AI guided the movements throughout the session. A 
remote rehabilitation program was installed in patients’ 
homes by study team members. Participants who do not 
know how to use a computer were assisted by their family 
members.

Assessment of the sarcopenia
Asian Working Group for sarcopenia (AWGS) 2014 con-
sensus defined sarcopenia as age related loss of muscle 
mass, plus low muscle strength, and/or low physical per-
formance [38]. AWGS 2019 retains the previous defini-
tion of sarcopenia but revises some criteria [3]. Therefore, 
this study used the definition of sarcopenia and chose the 
latest 2019 criteria as following:

1. Appendicular skeletal muscle mass index (ASMI) 
Inbody S10 Biospace (Biospace Co. Ltd., Korea.) were 
used. Subjects followed instructions and completed 
the test. The critical point was the men less than 
7.0 kg/m2 and women less than 5.7 kg/m2.

2. Muscle strength (grip strength) Jamar Hydraulic 
Hand Dynamometer (SH5001, Saehan Corp, Masan, 
Korea, 2017) were used. Participants were instructed 
to maintain a natural standing posture during the 
duration of the test, keeping their wrists in a neutral 
position and their elbows completely extended. The 
maximum value was retained after they were given 
two separate grip strength tests. The critical point 
was the men less than 28 kg and women less than 
18 kg.

3. Physical performance (6-meter walking pace) 
Stopwatch, ruler, tape were used. Subjects were 
prepared behind the starting line, and when they 
heard the ”start” command, they walked toward the 
finish line at a normal speed without accelerating 
or decelerating, and were measured at least twice to 
record the average speed. The critical point was less 
than 1.0 m/s.

Fig. 1 The overall design of the experiment
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Assessment indicators
Measurement method of appendicular skeletal muscle mass 
index
Appendicular skeletal muscle mass index ( kg/m2), which 
is represented as muscle mass per m2 of the limbs, can be 
used to evaluate sarcopenia [39]. Thus, ASMI was cho-
sen as the main result indicator in the research and was 
evaluated using multifrequency bioelectrical impedance 
analysis (Inbody S10 Biospace, Biospace Co. Ltd., Korea).

Measurement method of grip strength
Grip strength is one of the most important criteria for 
diagnosing sarcopenia and a common indirect measure 
of total muscle strength [3]. Therefore, grip strength 
was selected as the primary observation and measured 
it before and after the intervention. We used a Jamar 
Hydraulic Hand Dynamometer (SH5001, Saehan Corp, 
Masan, Korea, 2017) to measure grip strength of par-
ticipants. Participants were instructed to maintain a 
natural standing posture during the duration of the test. 
They were also instructed to keep their wrists in a neu-
tral position and their elbows completely extended. The 
maximum value was retained after they were given two 
separate grip strength tests.

Measurement method of 6-meter walking pace
In epidemiologic studies, walking speed is an important 
measure of functioning that strongly shows performance-
based measures of lower body function and predicts 
mortality [40]. 6-meter walking pace is also one of the 
most important criteria for diagnosing sarcopenia [3]. 
Participants positioned themselves behind the starting 
line and, upon hearing the instruction “begin,” proceeded 
steadily towards the endpoint six meters away. Timing 
was concluded upon reaching the endpoint without any 
acceleration or deceleration during the course. The mea-
surement was repeated twice, and the average velocity 
was recorded in seconds, with precision extended to two 
significant figures beyond the decimal point.

Measurement method of timed-up-and-go test
The research indicates that the Timed-Up-and-Go Test 
(TUGT) can reflect the health status, daily activity capac-
ity, fall risk and fear of falling [41] in the older adults pop-
ulation. Furthermore, there is a significant correlation 
between the performance of the TUGT and the rate of 
all-cause mortality [42]. Given that the testing procedure 
of TUGT involves “passing a marker three meters away 
and turning back to the starting position” and requires 
participants to complete the task “as quickly as possible,” 
it simulates real-life situations that involve rapid move-
ments and agile turning. This aspect allows for the evalu-
ation of stability and control capabilities during rapid 
movements and turns. Participants were seated in an 

upright position on a chair, with their feet placed flat on 
the ground, ensuring a stable posture. The experimenter 
initiated the test by delivering the verbal cue “begin” 
while simultaneously commencing the stopwatch. From 
a seated position, participants volitionally rose, circum-
navigated a marker positioned three meters away, exe-
cuted a rapid about-face maneuver, and proceeded to 
return to the original seated posture, whereupon the tim-
ing ceased. Participants were instructed to complete the 
task expeditiously while maintaining utmost caution to 
ensure personal safety.

Measurement method of QoL
Research findings indicate that individuals with sarcope-
nia, on average, have a lower QoL (QoL) [43]. The SF-36 
questionnaire encompasses eight distinct health scales, 
namely physical functioning (10 items), role limitations–
physical (4 items), bodily pain (2 items), general health 
(5 items), vitality (4 items), social functioning (2 items), 
role limitations–emotional (3 items), and mental health 
(5 items). From these eight scales, two fundamental 
dimensions of health can be derived: the physical dimen-
sion and the mental dimension. Additionally, there is an 
individual item, separate from the aforementioned scales, 
dedicated to assessing any noticeable changes in health. 
The SF-36 is suitable for use with older adults [44].

Tele-rehabilitation program design
3D human pose estimation model
Real-time feedback and correction of incorrect move-
ments during Taichi practice are crucial for providing 
effective remote rehabilitation guidance. In this study, we 
adopted MediaPipe, a framework developed by Google 
for building multimodal audio, video, or any other time 
series data [45]. MediaPipe is a versatile, cross-platform 
tool that is easy to install on personal computers. The 
MediaPipe Pose module features BlazePose [46], which 
is a highly optimized skeletal tracking algorithm for 
real-time 3D pose estimation from live video streams. 
This model can achieve at least 30 frames per second on 
CPU-only devices. It has been trained and optimized for 
high accuracy in extracting 33 skeletal keypoints, which 
include shoulder peaks, elbow joints, wrist joints, hip 
joints, knee joints, and ankle joints. This enables precise 
tracking of Taichi movements, especially for those who 
require accurate postures.

3D coordinate extraction of skeletal keypoints
BlazePose is a top-down prediction network structure 
that utilizes the correlation between poses and bounding 
boxes across frames to accurately predict keypoints. To 
extract the 3D coordinates of skeletal keypoints, the first 
step involves using the OpenCV library to read a video of 
a Taichi demonstration. Frame by frame, these images are 
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inputted into the BlazePose model to identify the coor-
dinates of various skeletal keypoints in 3D space for the 
Taichi instructor. This process includes an encoder for 
extracting features from the images and a decoder for 
regressing the coordinates. The model accurately identi-
fies the 33 skeletal keypoints, including shoulder peaks, 
elbow joints, wrist joints, hip joints, knee joints, and 
ankle joints, in each frame of the video and outputs their 
corresponding 3D coordinates.

To ensure smooth trajectories of the Taichi instructor’s 
movements, the 3D coordinates of all keypoints obtained 
in each frame undergo a smoothing process. This helps 
eliminate potential noise and jitter, ensuring a stable tra-
jectory for subsequent motion analysis. The smoothness 
of the trajectory ensures a reliable foundation of data for 
further analysis of Taichi movements.

Taichi movement feature extraction
After using the BlazePose model to extract key points 
frame by frame from a demonstration video of a Taichi 
instructor’s movements, data containing 3D coordi-
nates for 33 skeletal keypoints was obtained. However, 
following consultation with a Taichi instructor and two 
medical professionals, 15 of these keypoints, including 
10 facial and 6 hand keypoints, were deemed unimport-
ant or unnecessary and were thus removed. The final 17 
keypoints, including the nose as a reference point for 
determining the relative positioning between the head 
and torso, were selected specifically for use in the extrac-
tion of Taichi features. Furthermore, we determined the 
midpoint of the line connecting two points based on 
the position of the left and right hip joints and used it as 
the center of gravity to indicate the change of center of 
gravity in Taichi movements. To provide precise guid-
ance for each Taichi movement, the system segmented 
Taichi videos and distinguished different actions accord-
ing to time settings. With guidance from an experienced 
Taichi coach, the system extracted the main features of 
each movement and provided real-time feedback to par-
ticipants on the necessary improvements for each move-
ment based on the relative positions of skeletal key points 
and the angles between joints, which can be obtained 
through the cosine rule. Finally, we deployed the model 
on a local computer, configured it as an accessible server 
via intranet penetration technology, and opened it up 
to all participants in the AITHG, enabling the model to 
capture the movement trajectories of participants while 
protecting their privacy and ensuring their participation 
in Taichi training according to the established schedule.

Model corretction
The remote rehabilitation model analyzes users’ move-
ments using machine learning algorithms and com-
pares them with standard movements to determine their 

accuracy. If the model detects any deviation in users’ 
movements, it issues a prompt and explains in detail 
where the deviation occurred in the specific body part 
and how to correct it. Users can determine the accuracy 
of their movements and correct their errors through real-
time feedback and textual prompts. For example, when 
a user deviates or performs an incorrect movement, the 
model prompts and identifies the significant deviation, 
such as “the right knee joint is bent at too large of an 
angle” or “the left elbow joint is bent at too small of an 
angle.” This real-time feedback helps users correct their 
movements in a timely manner, avoiding adverse effects 
and improving their understanding and mastery of reha-
bilitation training techniques, ultimately enhancing the 
effectiveness of their rehabilitation training.

Mathematical statistics
The data in this study were processed and analyzed using 
SPSS 26.0. All data in this study were continuous vari-
ables with no outliers. Therefore, the mean and standard 
deviation (Mean ± SD) were used to represent the data. 
Single-factor analysis of variance (ANOVA) and repeated 
measures ANOVA were used to compare the differences 
in central tendency among the three groups before and 
after the experiment. The Kolmogorov-Smirnov (K-S) 
test was used to assess the normality of all continuous 
variables. If the data did not follow a normal distribution, 
logarithmic transformation was applied to normalize the 
distribution. When the data did not meet the assumption 
of sphericity according to the Mauchly’s sphericity test, 
the results of the corrected Pillai’s Trace in multivariate 
analysis of variance (MANOVA) were used. In this study, 
the significance level was represented by p, and p < 0.05 
was defined as a significant difference, while p < 0.01 was 
defined as a highly significant difference.

Results
According to the study inclusion and exclusion criteria, 
a total of 75 eligible participants were screened in this 
study and randomly divided into three groups: TRHG, 
GTHG and AITHG. In the course of the experiment, 
two subjects in each of the TRHG and GTHG withdrew 
halfway due to physical or family reasons, and one in the 
AITHG withdrew. Finally, a total of 70 subjects com-
pleted the entire exercise intervention process, including 
23 in the TRHG, 23 in the GTHG, and 24 in the AITHG, 
as shown in Fig. 2.

Experimental feasibility assessment
The basic information of participants in this study are 
shown in Table  1. There is no significant difference 
between the three groups of subjects in terms of the basic 
conditions of age, height, weight and BMI, and there is no 
significant difference in the results of the performance of 
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the five indicators, which indicates the feasibility of the 
experiment.

Comparison of ASMI results in three groups
As shown in Table 2, the interaction effect between the 
number of measurements and group was significant 
in the comparison of the test results of ASMI among 
the three groups of subjects, F = 6.219, p < 0.01, partial 

η2 = 0.157. Intragroup results revealed a highly signifi-
cant difference in TRHG wherein participants exhibited 
a statistically significant increase in ASMI by 0.169 kg/m2 
(95% CI: 0.073, 0.265) after the 8th week of the interven-
tion compared to baseline. Following the 12-week experi-
ment, ASMI significantly increased by 0.327 kg/m2 (95% 
CI: 0.176, 0.479) (p < 0.01) compared to baseline, and 
showed a highly significant improvement of 0.158  kg/
m2 (95% CI: 0.060, 0.257) (p < 0.01) compared to the 

Table 1 Basic information of participants
Items TRHG 

(n = 23)
GTHG 
(n = 23)

AITHG 
(n = 24)

p

Age (years old) 70.91 ± 3.94 72.26 ± 4.43 73.67 ± 4.77 0.108
Height (cm) 159.60 ± 5.42 160.21 ± 5.11 158.77 ± 6.09 0.673
Weight (kg) 58.35 ± 5.90 61.22 ± 6.06 60.22 ± 5.52 0.244
BMI(kg/m2 ) 22.93 ± 2.37 23.86 ± 2.17 23.89 ± 1.78 0.225
ASMI(kg/m2 ) 4.82 ± 0.80 4.53 ± 0.81 4.79 ± 0.79 0.407
Grip Strength (kg) 21.64 ± 3.49 19.69 ± 3.51 20.74 ± 3.40 0.171
6-meter walking 
pace(m/s)

0.65 ± 0.11 0.63 ± 0.13 0.64 ± 0.13 0.877

TUGT (s) 13.91 ± 0.67 13.69 ± 0.70 13.79 ± 0.85 0.603
QoL (scores) 66.03 ± 7.71 63.68 ± 7.02 65.65 ± 5.24 0.449
This table presents basic information of participants

Table 2 Comparison of ASMI results in three groups (kg/m2 )
Items TRHG (n = 23) GTHG (n = 23) AITHG (n = 24)
pre-experiment 4.82 ± 0.80 4.53 ± 0.81 4.79 ± 0.79
mid-experiment 4.99 ± 0.72aa 4.46 ± 0.78 4.92 ± 0.79aa

post-experiment 5.14 ± 0.68bbcc 4.71 ± 0.81bcc 5.16 ± 0.80bbcc

This table presents comparison of ASMI results in three groups.a Indicates a 
statistically significant difference within the group at mid-experiment compared 
to pre-experiment; aa Indicates a highly significant difference within the group 
in the mid-experiment compared to the pre-experiment ; b Indicates that there 
is a statistical difference within the group in the post-experiment than in the 
pre-experiment; bb Indicates that there is a highly significant difference within 
the group in the post-experiment than in the pre-experiment ; c Indicates that 
there is a statistical difference within the group in the post-experiment than 
in the mid-experiment; cc Indicates that there is a highly significant statistical 
difference within the group in the post- experiment than in the mid-experiment

Fig. 2 The participants of the experiment
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mid-experiment ASMI. On the other hand, in GTHG, 
the difference in ASMI mean compared to baseline after 
the 8th week of the experiment was not statistically sig-
nificant (p > 0.05), with a mean difference of -0.073  kg/
m2 (95% CI: -0.170, 0.23). However, after the 12-week 
experiment, ASMI significantly increased by 0.179  kg/
m2 (95% CI: 0.027, 0.330) (p < 0.05) compared to base-
line, and showed a highly significant improvement of 
0.252  kg/m2 (95% CI: 0.154, 0.351) (p < 0.01) compared 
to the mid-experiment ASMI. Similarly, in AITHG, 
there was a highly significant difference as participants 
exhibited a statistically significant increase in ASMI by 
0.132  kg/m2 (95% CI: 0.038, 0.226) after the 8th week 
of the experiment compared to baseline. Following the 
12-week intervention, ASMI significantly increased by 
0.367 kg/m2 (95% CI: 0.218, 0.515) (p < 0.01) compared to 
baseline, and showed a highly significant improvement of 
0.235 kg/m2 (95% CI: 0.138, 0.331) (p < 0.01) compared to 
the mid-experiment ASMI.

Inter-group results indicate a significant difference in 
the mid-experiment at the 8th week, with the order of 
ASMI mean values as follows: TRHG > AITHG > GTHG. 
The difference in ASMI levels between participants in the 
TRHG and AITHG was 0.065 (95% CI: -0.481, 0.611) kg/
m2with no statistically significant difference (p > 0.05). 
The difference in ASMI levels between participants in the 
TRHG and GTHG was 0.530 (95% CI: -0.022, 1.082) kg/
m2, with no statistically significant difference (p > 0.05). 
The difference in ASMI levels between participants in the 
AITHG and GTHG was 0.465 (95% CI: -0.081, 1.011) kg/
m2, with no statistically significant difference (p > 0.05). 
At the end of the 12-week intervention, the late-exper-
iment comparison of ASMI mean values showed the 
order as follows: AITHG > TRHG > GTHG. The differ-
ence in ASMI levels between participants in the TRHG 
and AITHG was − 0.011 (95% CI: -0.559, 0.536) kg/m2, 
with no statistically significant difference (p > 0.05). The 
difference in ASMI levels between participants in the 
TRHG and GTHG was 0.436 (95% CI: -0.117, 0.989) kg/
m2, with no statistically significant difference (p > 0.05). 
The difference in ASMI levels between participants in the 
AITHG and GTHG was 0.448 (95% CI: -0.100, 0.995) kg/
m2, with no statistically significant difference (p > 0.05).

Comparison of grip strength results in three groups
As shown in Table 3, the interaction effect between the 
number of measurements and groups in the comparison 

of grip strength test results among the three groups of 
participants was not statistically significant, with an F 
value of 0.537 (p > 0.05) and a partial η2 of 0.016. Within-
group results revealed that for the TRHG, the mean dif-
ference in grip strength level after 8 weeks of experiment 
compared to pre-experiment was − 0.176 (95% CI: -0.596, 
0.243) kg, but there was no statistically significant dif-
ference (p > 0.05). The mean difference in grip strength 
level after 12 weeks of experiment compared to pre-
experiment was − 0.204(95% CI: -0.857, 0.448) kg, again 
without a statistically significant difference (p > 0.05), and 
compared to mid-experiment grip strength, the mean 
difference was − 0.028 (95% CI: -0.441, 0.385) kg, which 
was not statistically significant (p > 0.05). For the GTHG, 
the mean difference in grip strength level after 8 weeks 
of experiment compared to pre-experiment was − 0.317 
(95% CI: -0.736, 0.102) kg, without a statistically signifi-
cant difference (p > 0.05). After 12 weeks of experiment, 
the mean difference in grip strength level compared to 
pre-experiment was − 0.474 (95% CI: -1.127, 0.178) kg, 
still without a statistically significant difference (p > 0.05). 
Compared to mid-experiment grip strength, the mean 
difference was − 0.157 (95% CI: -0.571, 0.256) kg, again, 
not statistically significant (p > 0.05). For the AITHG, 
the mean difference in grip strength level after 8 weeks 
of experiment compared to pre-experiment increased 
by 0.013 (95% CI: -0.398, 0.423) kg, but there was no 
statistically significant difference (p > 0.05). The mean 
difference in grip strength level after 12 weeks of experi-
ment compared to pre-experiment was − 0.080(95% CI: 
-0.719, 0.559)kg, without a statistically significant differ-
ence (p > 0.05), and compared to mid-experiment grip 
strength, the mean difference was − 0.093 (95% CI: -0.497, 
0.312) kg, also not statistically significant (p > 0.05).

Inter-group results indicate that, after the 8th week 
of the experiment, the mean grip strength comparison 
between groups revealed that TRHG > AITHG > GTHG. 
The observed difference in grip strength between the 
TRHG and the AITHG was 0.716 (95% CI: -1.636, 
3.068)kg, and this difference was not statistically sig-
nificant (p > 0.05). Similarly, the observed difference in 
grip strength between the TRHG and the GTHG was 
2.087(95% CI: -0.290, 4.464)kg, and this difference was 
not statistically significant (p > 0.05). Additionally, no 
statistically significant difference (p > 0.05) was found 
in grip strength between the AITHG and the GTHG, 
with an observed difference of 1.371(95% CI: -0.981, 
3.723) kg. At the end of the 12th week, the mean grip 
strength comparison between groups showed that 
TRHG > AITHG > GTHG. The observed difference in 
grip strength between the TRHG and the AITHG was 
0.780 (95% CI: -1.462, 3.023) kg, and this difference was 
not statistically significant (p > 0.05). The observed differ-
ence in grip strength between the TRHG and the GTHG 

Table 3 Comparison of grip strength results in three groups (kg)
Items TRHG (n = 23) GTHG (n = 23) AITHG (n = 24)
pre-experiment 21.64 ± 3.49 19.69 ± 3.51 20.74 ± 3.40
mid-experiment 21.46 ± 3.12 19.38 ± 3.38 20.75 ± 3.36
post-experiment 21.44 ± 2.83 19.22 ± 3.29 20.66 ± 3.26
This table presents comparison of grip strength results in three groups
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was 2.216 (95% CI: -0.050, 4.482) kg, and this difference 
was not statistically significant (p > 0.05). Additionally, no 
statistically significant difference (p > 0.05) was found in 
grip strength between the AITHG and the GTHG, with 
an observed difference of 1.436(95% CI: -0.807, 3.678) kg.

Comparison of 6-meter walking pace results in three 
groups
As shown in Table  4, the comparison of measurement 
times and group effects in the test results of the 6-meter 
walking pace among the three groups showed no sig-
nificant experiment effect (F = 0.017, p > 0.05, partial 
η2 = 0.001). Within-group results showed that after 8 
weeks of experiment, the 6-meter walking pace of par-
ticipants in the TRHG group highly significant increased 
by 0.096 (95% CI : 0.023, 0.169) m/s compared to before 
the experiment (p < 0.01). After 12 weeks of experiment, 
the 6-meter walking pace significantly increased by 0.190 
(95% CI : 0.085, 0.294) m/s compared to before the exper-
iment (p < 0.01), and it was also significantly higher by 
0.093 (95% CI : 0.022, 0.165) m/s compared to the mid-
experiment 6-meter walking pace during the experiment 
(p < 0.01). In the GTHG, after 8 weeks of experiment, the 
6-meter walking pace achieved a highly significant differ-
ence by 0.098 (95% CI : 0.025, 0.171) m/s compared to 
before the experiment (p < 0.01). After 12 weeks of exper-
iment, the 6- meter walking pace highly significantly 
increased by 0.189 (95% CI : 0.085, 0.294) m/s com-
pared to before the experiment (p < 0.01), and it was also 
highly significantly by 0.091 (95% CI : 0.020, 0.163) m/s 
compared to the mid-experiment 6-meter walking pace 
during the experiment (p < 0.01). In the AITHG, after 8 
weeks of intervention, the 6-meter walking pace highly 
significantly increased by 0.105 (95% CI : 0.034, 0.177) 
m/s compared to before the experiment (p < 0.01). After 
12 weeks of experiment, the 6- meter walking pace highly 
significantly increased by 0.195 (95% CI : 0.093, 0.297) 
m/s compared to before the experiment (p < 0.01), and 
it was also highly significantly by 0.090 (95% CI : 0.019, 
0.160) m/s compared to the mid-experiment 6-meter 
walking pace during the experiment (p < 0.01).

The inter-group results show that, after the 8th week 
of the experiment, the comparison of 6-meter walking 
pace levels is TRHG > AITHG > GTHG. The difference in 
6-meter walking pace levels between the TRHG and the 
AITHG is 0.005 m/s (95% CI: -0.141, 0.152), and there is 
no statistically significant difference (p > 0.05). The differ-
ence in 6-meter walking pace levels between the TRHG 
and the GTHG is 0.016 m/s (95% CI: -0.133, 0.164), and 
there is no statistically significant difference (p > 0.05). 
The difference in 6-meter walking pace levels between 
the AITHG and the GTHG is 0.010 m/s (95% CI: -0.136, 
0.157), and there is no statistically significant difference 
(p > 0.05). At the end of the 12th week of intervention, 

the comparison of 6-meter walking pace levels in the 
later stage of the experiment is TRHG > AITHG > GTHG. 
The difference in 6-meter walking pace levels between 
the TRHG and the AITHG is 0.009 m/s (95% CI: -0.165, 
0.183), and there is no statistically significant difference 
(p > 0.05). The difference in 6-meter walking pace levels 
between the TRHG and the GTHG is 0.018 m/s (95% CI: 
-0.158, 0.194), and there is no statistically significant dif-
ference (p > 0.05). The difference in 6-meter walking pace 
levels between the AITHG and the GTHG is 0.009 m/s 
(95% CI: -0.166, 0.183), and there is no statistically sig-
nificant difference (p > 0.05).

Comparison of TUGT results in three groups
As shown in Table 5, the intergroup results showed that 
the interaction effect of measurement times and groups 
in the TUGT timing test was not significant (F = 0.107, 
p > 0.05, η2 = 0.003). Within-group results showed 
that in the TRHG, the TUGT test timing significantly 
improved by 0.444 (95% CI: -0.823, -0.064) s, (p < 0.05) 
in the mid-term of the experiment compared to pre-
experiment. After 12 weeks of experiment, the TUGT 
test timing highly significantly improved by 1.00 (95% 
CI: -1.534, -0.468) s, (p < 0.01) compared to that of pre-
experiment, and highly significantly improved by 0.557 
(95% CI: -0.978, -0.136) s, (p < 0.01), compared to the 
mid-experiment. In the GTHG, the TUGT test timing 
improved by 0.329 (95% CI: -0.709, -0.050) s, (p > 0.05), 
after the 8th week of the mid-term compared to before 
the experiment. After 12 weeks of experiment, the TUGT 
test timing highly significantly improved by 0.831 (95% 
CI: -1.364, -0.298) s, (p < 0.01) compared to before the 
experiment, and significantly improved by 0.502 (95% 
CI: -0.923, -0.081) s, (p < 0.05) compared to the mid-term 
of the experiment. In the AITHG, the TUGT test timing 
significantly improved by 0.418 (95% CI: -0.790, -0.047) s, 
(p < 0.05), after the 8th week of the mid-term compared 
to before the experiment. After 12 weeks of experiment, 
the TUGT test timing highly significantly improved by 

Table 4 Comparison of 6-meter walking pace results in three 
groups (m/s)
Items TRHG (n = 23) GTHG (n = 23) AITHG (n = 24)
pre-experiment 0.65 ± 0.11 0.63 ± 0.13 0.64 ± 0.13
mid-experiment 0.75 ± 0.18aa 0.73 ± 0.22aa 0.74 ± 0.21aa

post-experiment 0.84 ± 0.27bbcc 0.82 ± 0.24bbcc 0.83 ± 0.22bbcc

This table presents comparison of 6-meter walking pace results in three groups

Table 5 Comparison of TUGT results in three groups (s)
Items TRHG (n = 23) GTHG (n = 23) AITHG (n = 24)
pre-experiment 13.91 ± 0.67 13.69 ± 0.70 13.79 ± 0.85
mid-experiment 13.47 ± 0.96a 13.36 ± 1.06 13.37 ± 1.20a

post-experiment 12.91 ± 1.30bbcc 12.86 ± 1.11bbc 12.80 ± 1.29bbcc

This table presents comparison of TUGT results in three groups
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0.986 (95% CI: -1.508, -0.465) s, (p < 0.01), compared to 
before the experiment, and highly significantly improved 
by 0.568 (95% CI: -0.980, -0.156) s, (p < 0.01), compared 
to the mid-term of the experiment.

The intergroup results showed that in the mid-
experiment, the TUGT timing test result is 
GTHG < AITHG < TRHG. The difference in TUGT tim-
ing test between TRHG and AITHG was 0.101(95% CI: 
-0.671, 0.873) s, and there was no statistically signifi-
cant difference (p > 0.05); the difference in TUGT tim-
ing test between TRHG and GTHG was 0.107 (95% CI: 
-0.674, 0.887)s, and there was no statistically signifi-
cant difference (p > 0.05); the difference in TUGT tim-
ing test between AITHG and GTHG was 0.006(95% 
CI: -0.766, 0.778)s, and there was no statistically sig-
nificant difference (p > 0.05). At the end of the inter-
vention, the TUGT timing test comparison results is 
AITHG < GTHG < TRHG. The difference in TUGT tim-
ing test between TRHG and AITHG was 0.111 (95% 
CI: -0.771, 0.994)s, and there was no statistically signifi-
cant difference (p > 0.05); the difference in TUGT tim-
ing test between TRHG and GTHG was 0.051 (95% CI: 
-0.841, 0.943)s, and there was no statistically significant 
difference (p > 0.05); the difference in TUGT timing test 
between AITHG and GTHG was − 0.061 (95% CI: -0.943, 
0.822)s, and there was no statistically significant differ-
ence (p > 0.05).

Comparison of QoL results in three groups
As shown in Table 6, there was no significant interaction 
effect between the measurement times and groups in the 
comparison of SF-36 QoL scores among the three groups, 
F = 0.304, p > 0.05, partial η2 = 0.009. Within-group results 
showed that in the TRHG, the SF-36 QoL scores of the 
participants in the TRHG highly significantly increased 
by 3.205 (95% CI: 1.121, 5.289) (p < 0.01) of the 8th week 
compared to before the experiment. The SF-36 scores at 
the 12th week intervention were higher than those before 
the experiment, with a highly significant difference of 
3.689 (95% CI: 1.540, 5.839) (p < 0.01). Moreover, the 
SF-36 scores at 12th week were significantly higher than 
those at the mid-experiment, with a significant difference 
of 0.484 (95% CI: 0.064, 0.905) (p < 0.05). In the GTHG, 
the SF-36 scores at the 8th week and 12th week inter-
vention were highly significantly increased compared 
to those before the experiment, with a highly significant 
difference of 2.910 (95% CI: 0.826, 4.995) (p < 0.01) and 

3.297 (95% CI: 1.148, 5.447) (p < 0.01), respectively. In 
addition, the SF-36 scores at 12th week were significantly 
higher than those at the mid-experiment, but with a non-
significant difference of 0.387 (95% CI: -0.034, 0.808) 
(p > 0.05). For the AITHG, the SF-36 scores at late phase 
of the 8th week and 12th week intervention were highly 
significantly increased compared to those before the 
experiment, with a highly significant difference of 4.000 
(95% CI: 1.960, 6.040) (p < 0.01) and 4.361 (95% CI: 2.257, 
6.465) (p < 0.01), respectively. Moreover, the SF-36 scores 
at 12th week were slightly higher than those at the middle 
phase of the experiment, with a non-significant differ-
ence of 0.361 (95% CI: -0.051, 0.773) (p > 0.05).

The intergroup results showed that at the mid-exper-
iment, the comparison of SF-36 QoL scores was as fol-
lows: AITHG > TRHG > GTHG. The difference in SF-36 
scores between the TRHG and the AITHG was − 0.419 
(95% CI: -6.241, 5.403), indicating no significant differ-
ence (p > 0.05). The difference in SF-36 scores between 
the TRHG and the GTHG was 2.639 (95% CI: -3.245, 
8.523), also indicating no significant difference (p > 0.05). 
The difference in SF-36 scores between the AITHG 
and the GTHG was 3.058 (95% CI: -2.764, 8.880), 
again indicating no significant difference (p > 0.05). 
At the end of the 12th week intervention, the com-
parison of SF-36 health-related QoL scores was as fol-
lows: AITHG > TRHG > GTHG. The difference in SF-36 
scores between the TRHG and the AITHG was − 0.295 
(95% CI: -6.618, 5.577), indicating no significant differ-
ence (p > 0.05). The difference in SF-36 scores between 
the TRHG and the GTHG was 2.737 (95% CI: -3.199, 
8.672), also indicating no significant difference (p > 0.05). 
The difference in SF-36 scores between the AITHG and 
the GTHG was 3.032 (95% CI: -2.841, 8.905), once again 
indicating no significant difference (p > 0.05).

Discussion
The effects of three training methods on muscle mass 
indicators in older adults with sarcopenia
The findings of this experiment reveal that after a 
3-month intervention, consisting of 24-form Taichi 
practice three times per week for 40  min per session, 
there were extremely significant improvements in the 
mid-experiment compared to the pre- experiment, 
post-experiment compared to the pre-experiment, and 
post-experiment compared to the mid-experiment 
results in terms of the mean ASMI in the TRHG. In the 
GTHG, there was no statistically significant improve-
ment in the mid-experiment compared to the pre-experi-
ment, but a significant improvement was observed in the 
post- experiment compared to the pre-experiment, and 
a highly significant improvement in the post-experiment 
compared to the mid-experiment ASMI. Similarly, in the 
AITHG, there were highly significant improvements in 

Table 6 Comparison of QoL results in three groups (scores)
Items TRHG (n = 23) GTHG (n = 23) AITHG (n = 24)
pre-experiment 66.03 ± 7.71 63.68 ± 7.02 65.65 ± 5.24
mid-experiment 69.23 ± 9.32aa 66.60 ± 7.91aa 69.65 ± 7.11aa

post-experiment 69.72 ± 9.35bbc 66.98 ± 7.96bb 70.01 ± 7.24bb

This table presents comparison of QoL results in three groups
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the mid-experiment compared to the pre-experiment, 
post-experiment compared to the pre-experiment, and 
post-experiment compared to the mid-experiment 
ASMI, providing evidence that Taichi exercise, as a low-
intensity aerobic activity, can improve muscle quality in 
patients with muscular atrophy. The study [47] found that 
Brain-derived neurotrophic factor (BDNF) is a neuro-
trophin associated with neuronal growth, differentiation, 
and plasticity. BDNF is produced in skeletal muscle cells 
especially during muscle contractions, acting in an auto-
crine or paracrine manner, and playing an important role 
in muscle repair. Our findings are also consistent with 
multiple research studies [48, 49].

The inter-group comparisons of the research results 
revealed no statistically significant differences in both 
the mid-term and post-term pairwise comparisons, indi-
cating that the AI remote training group based on deep 
learning-based 3D human pose estimation technology 
proposed in this study achieved comparable results to the 
traditional face-to-face training group in terms of ASMI 
improvement. The deep learning-based 3D human pose 
estimation technology involves two steps in the pose esti-
mation process: first, the detector locates the regions of 
interest for poses in the images, and second, the tracker 
estimates the keypoints from the regions of interest to 
obtain the coordinates of the skeletal keypoints for areas 
such as the head, neck, shoulders, arms, and legs of the 
participants. By comparing these coordinate information 
with pre-input standard template actions, this technology 
can identify and correct defects and inconsistencies in 
real-time and accuracy during movements, thus assisting 
individuals with sarcopenia to complete training actions 
more precisely. The findings of this study align with pre-
vious research, demonstrating that incorrect movement 
postures during high-powered and vigorous exercises can 
lead to temporary or permanent disabilities [27]. Ensur-
ing the correctness of postures can ensure proper muscle 
activation during training, helping participants concen-
trate weight and load on the target muscles, ensuring 
ideal stretch and contraction of muscles at appropri-
ate angles, increasing the area of muscle force applica-
tion, stimulating the involvement of more muscle fibers, 
avoiding unnecessary tension or excessive dependence 
on other muscle groups, and promoting improvement in 
muscle quality. Remote rehabilitation serves as an effec-
tive means to ensure posture correctness. Chen and Yang 
[50] designed an end-to-end computer vision applica-
tion using pose estimation and machine learning to pro-
vide personalized feedback on fitness movement forms. 
The program model utilizes the output results of pose 
estimation to evaluate exercise videos based on human 
pose keypoints, determining the correctness of postures. 
Bernardo et al. [51] uses human pose estimation tech-
niques to help discern whether the user maintains proper 

posture during weightlifting for biceps curls, identifying 
movement errors as elbow instability, trunk sway, or lim-
ited range of motion.

In conclusion, practicing Taichi can promote muscle 
mass growth in older adults with sarcopenia. The AI 
remote program based on deep learning and 3D human 
pose estimation technology proposed in this study can 
assist subjects in activating and stimulating target muscle 
groups correctly, thereby improving muscle quality.

The effects of three training methods on muscle strength 
indices in older adults with sarcopenia
According to the results of this study, all three groups 
of subjects showed a slight decrease in grip strength in 
the post-experiment compared to the pre-experiment 
stage, but none of these changes reached statistical sig-
nificance. This result is consistent with some previous 
findings in the literature. Huang et al. [52] concluded that 
the benefits of Taichi exercise in terms of grip strength 
improvement were not significant. The lack of signifi-
cant impact on grip strength improvement by practicing 
Taichi may be attributed to several factors. Firstly, Taichi 
training itself may not entail a high intensity of upper 
limb movement, which could limit its specific effect on 
grip strength. Additionally, the insufficient duration and 
low frequency of Taichi practice in this study could have 
contributed to the observed lack of improvement in grip 
strength.

In a study examining the effects of Taichi on the lower 
limbs of practitioners, Bagiartana  and Huriah [53] con-
ducted a systematic review and meta-analysis of the 
evidence regarding the effects of Taichi on balance and 
lower limb strength in community-dwelling older adults. 
The results indicated that Taichi exercise can effectively 
improve both balance and lower limb muscle strength in 
this population. During Taichi practice, the muscles of 
the lower limbs are constantly contracting and relaxing, 
and bearing weight, in a variety of different movements 
and postures. This continuous and varied engagement 
of the lower limb muscles may lead to greater muscular 
strength.

In conclusion, the practice of Taichi has been shown to 
promote the growth of lower limb muscle strength. How-
ever, further in-depth research is required to ascertain 
whether it can significantly increase upper limb strength. 
The suboptimal effects on upper limb strength may be 
attributed to factors such as the frequency, duration, and 
intensity of Taichi practice.

The effects of three training methods on physical mobility 
indicators in older adults with sarcopenia
The intra-group results of the 6-meter walking pace in 
this study demonstrated highly significant improvements 
across all three experimental groups when comparing 
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the mid-term to the pre-term, the post-term to the pre-
term, and the post-term to the mid-term. Silva et. al. [54] 
and Lage et al. [55], found that sarcopenia is associated 
with worse health outcomes in Chronic obstructive pul-
monary disease (COPD), which will result in the increase 
in oxidative stress-related factors and the reduction of 
respiratory muscle strength. Exercise training improved 
respiratory muscle strength with concurrent improve-
ment of exercise capacity [56]. Huang [57] revealed in 
their study that a Taichi training program significantly 
reduced the neuromuscular response time in the rec-
tus femoris, semitendinosus, gastrocnemius, and tibialis 
anterior muscles of the lower limb in older adults with 
sarcopenia. Furthermore, dynamic postural control abili-
ties were significantly enhanced. Millor [58] found a sig-
nificant correlation between lower limb muscle mass and 
walking ability following their analysis of functional tests 
and muscle mass. These studies collectively demonstrate 
that the movement patterns and requirements of Taichi 
exercises effectively activate and train the muscles of the 
lower limb, such as the rectus femoris, semitendinosus, 
and gastrocnemius, leading to improvements in neuro-
muscular response speed, walking ability.

Participants in the TRHG group showed a sig-
nificant increase at mid-experiment compared to 
pre-experiment, and a highly significant increase at post-
experiment compared to pre-experiment and at post-
experiment compared to mid-experiment. Participants 
in the GTHG group showed no statistically significant 
difference in improvement at mid-experiment compared 
to pre-experiment, and highlysignificant improvement 
at post-experiment compared to pre-experiment, and 
significant improve- ment at post-experiment compared 
to mid-experiment. The AITHG demonstrated a sig-
nificant improvement in the mid-term compared to the 
pre-term, and the post-term showed an highly significant 
improvement compared to both the pre-term and mid- 
term. These findings indicate that Taichi exercise has a 
significant effect in improving physical functional capac-
ity in older adults, with a positive impact on TUGT per-
for- mance. A systematic review conducted by Wang [11] 
gathered a substantial amount of empirical evidence to 
evaluate the effectiveness of exercise based on traditional 
Chinese medicine. The quantitative analysis revealed that 
the Taichi group demonstrated a reduction of 2.62  s in 
the TUGT compared to the control group. Additionally, 
the Eight Section Brocade and Qigong exercises resulted 
in a reduction of 0.96 s and 2 s in the TUGT, respectively. 
Compared to the other two forms of exercise, Taichi 
exhibited a favorable advantage in improving TUGT 
outcomes.

The between-group results for 6-meter walking pace 
and TUGT in this study showed no statistical differ-
ence between the two-by-two comparisons in the middle 

of the experiment and the two-by-two comparisons in 
the later part of the experiment. This indicates that the 
AI remote training group, utilizing the deep learning-
based 3D human pose estimation technique proposed 
in this study, can achieve comparable improvements in 
6-meter walking pace and TUGT performance to the 
traditional face- to-face training group. The remote reha-
bilitation program utilized by the AITHG can extract 
motion images of the participants and rapidly analyze 
their skeletal keypoint information, skeleton information, 
and motion information through complex algorithms. 
Traditional clinical assessment methods may be limited 
in their ability to provide only macroscopic movement 
characteristics. Pose estimation, as an essential tool for 
capturing motion information [59], allows for the mea-
surement of fine motor control of the hands and fingers, 
arm movements, and gait. By extracting detailed move-
ment information, it surpasses the granularity of the 
Fugl-Meyer scale and enables tailored training and guid-
ance specific to impairments in speed, path curvature, 
and joint mobility, ultimately enhancing patients’ accu-
racy and fluidity of movement [60].

In summary, practicing Taichi has the potential to 
improve physical functioning in older adults with sarco-
penia. This study proposes an AI-based remote program 
utilizing deep learning-based 3D human pose estimation 
technology to provide precise feedback and guidance by 
capturing more detailed movement information. Par-
ticipants can compare their own movements with syn-
chronized reference actions on their terminal devices, 
identifying deviations and irregularities in their perfor-
mance and making corrections to ensure accuracy. This 
continuous training and utilization of the program can 
contribute to the formation of muscle memory, enabling 
natural and precise execution of movements, thus 
enhancing physical activity capabilities.

The effects of three training methods on QoL indicators in 
older adults with sarcopenia
According to the within-group results of this study, all 
three experimental groups demonstrated a significantly 
improved SF-36 QoL score during the mid-term com-
pared to both the pre-term and post-term assessments. 
Wang et al. [61] indicate that Taichi exercise can enhance 
SF-36 QoL scores. This may be attributed to the ability 
of Taichi to enhance participants’ muscle quality, muscle 
strength, and physical activity capabilities, subsequently 
leading to improvements in physiological function and 
health-related changes in the patients’ QoL scores. The 
research demonstrates a significant positive correlation 
between muscle function and QoL, indicating that the 
better the muscle function, the higher the QoL. Further-
more, in individuals with sarcopenia, measures of muscle 
strength, such as grip strength [62], and daily physical 
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activity capabilities, such as 6-minute walk speed, are 
significantly correlated with the overall level of QoL [63]. 
Additionally, Taichi emphasizes deep and slow breathing, 
internal meditation, and a state of relaxation. During the 
practice of Taichi, patients can relax their mind and body, 
alleviating stress, anxiety, and depression, thereby pro-
moting mental well-being and improving the emotional 
state and QoL of individuals with sarcopenia. Moreover, 
the data results of this study show that during the mid-
term phase of the experiment, the SF-36 scores of the 
three groups exhibited a highly significant improvement. 
After one month of practice, the TRHG showed a sig-
nificant improvement in the post-term compared to the 
mid-term, while the AITHG and GTHG did not differ 
significantly in terms of improvement. This may be due 
to the fact that factors such as marital status, educational 
level, income, physical health, and mental well-being, 
aside from exercise, also influence quality of life. To con-
tinuously improve quality of life, it is necessary to con-
sider multiple aspects comprehensively [64].

The SF-36 results of this study indicate that there was 
no statistically significant difference between the pair-
wise comparisons of the two groups during the mid-
term and post-term experiments. It suggests that the AI 
remote rehabilitation training group can achieve compa-
rable improvement in the quality of life with traditional 
rehabilitation methods. This may be because the remote 
rehabilitation program in the AITHG is not only effec-
tive in improving muscle quality and physical activity 
capabilities, but also offers convenience and flexibility for 
patients to train at home according to their own sched-
ule, avoiding the inconvenience caused by time and loca-
tion restrictions such as going out and commuting. This 
reduces psychological and practical barriers for patients, 
thus improving their willingness, motivation, and quality 
of life to participate in training [65, 66].

The limitation of this study is that although the pres-
ent study achieved the expected research results, it is 
nonetheless subject to some limitations. On the one 
hand, the duration of Taichi exercises in this study was 
limited to 3 months, with 3 sessions per week and each 
session lasting for 40 min. Despite accruing some amount 
of training, this duration may not completely reflect the 
potential effects of long-term exercise on patients with 
sarcopenia. On the other hand, future research can track 
the long-term changes in the improvement of sarcopenia 
in participants in order to better evaluate the persistence 
and long-term impact of remote training methods using 
3D human posture estimation technology based on deep 
learning.

Conclusion
Compared to the pre-experiment, there was no signifi-
cant difference at the post- experiment in the recovery 
effects on the muscle quality, physical activity ability, and 
life quality of patients with sarcopenia between the AI-
based remote training group and the face-to-face tradi-
tional training group. 3D pose estimation is equally as 
effective as traditional rehabilitation methods in enhanc-
ing muscle quality, functionality and life quality in older 
adults with sarcopenia.

Author contributions
ZHW and GY conceived and designed the experiments, DM performed the 
experiments, and conducted data collection. SH and DM sorted out the data. 
DM and ZHW analyzed the data. MW, DM and SH wrote the manuscript. GY 
and MW contributed the devices, materials, and analytical tools. ZHW, HG 
revised the manuscript. All authors contributed to the article and approved 
the submitted version.

Funding
Guang Yang obtained ”The Fundamental Research Funds for the Central 
Universities”. (Number: 135222026).

Data availability
The datasets generated during and/or analysed during the current study are 
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The trial was approved by the Ethics Committee of Northeast Normal 
University (number: NC2022121703).Participants signed an informed consent 
upon their agreement to participate in the study.

Consent for publication
Not applicable.

Competing interests
All authors certify that they have no affiliations with or involvement in any 
organization or entity with any financial interest or non-financial interest in the 
subject matter or materials discussed in this manuscript.

Author details
1Chinese Center of Exercise Epidemiology, Northeast Normal University, 
Renmin Street, Changchun 130024, Jilin, China
2AI Group, Intelligent Lancet LLC, Sacramento, CA 95816, USA
3Graduate School of Human Sciences, Waseda University,  
Tokorozawa 3591192, Aitama, Japan
4Advanced Research Center for Human Sciences, Waseda University, 
Tokorozawa 3591192, Aitama, Japan

Received: 22 December 2023 / Accepted: 1 July 2024

References
1. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruy`ere O, Cederholm T, Cooper C, 

Landi F, Rolland Y, Sayer AA, et al. sarcopenia: revised European consensus on 
definition and diagnosis. Age Ageing. 2019;48(1):16–31.

2. Morley J. sarcopenia: diagnosis and treatment. J Nutr Health Aging. 
2008;12:452–6.

3. Chen L-K, Woo J, Assantachai P, Auyeung T-W, Chou M-Y, Iijima K, Jang HC, 
Kang L, Kim M, Kim S, et al. Asian working group for sarcopenia: 2019 con-
sensus update on sarcopenia diagnosis and treatment. J Am Med Dir Assoc. 
2020;21(3):300–7.



Page 14 of 15He et al. BMC Geriatrics          (2024) 24:586 

4. Dent E, Morley J, Cruz-Jentoft A, Arai H, Kritchevsky S, Guralnik J, Bauer J, 
Pahor M, Clark B, Cesari M, et al. International clinical practice guidelines 
for sarcopenia (icfsr): screening, diagnosis and management. J Nutr Health 
Aging. 2018;22:1148–61.

5. Lim WS, Cheong C, Lim J, Tan M, Chia J, Malik N, Tay L. Singapore clinical 
practice guidelines for sarcopenia: screening, diagnosis, management and 
prevention. J Frailty Aging. 2022;11(4):348–69.

6. Paula FA, Mendon¸ca VA, Lage VKdS, Silva GP, Almeida HC, Lima LP, Santos 
JNV, Castro DP, Paix˜ao CF, Rodrigues AL. Immediate effects of whole-body 
vibration associated with squatting exercises on hemodynamic parameters 
in sarcopenic older people: a randomized controlled trial. Int J Environ Res 
Public Health. 2021;18(22):11852.

7. Aunan J, Watson M, Hagland H, Søreide K. Molecular and biological hallmarks 
of ageing. J Br Surg. 2016;103(2):29–46.

8. Wei M, He S, Meng D, Yang G, Wang Z. Hybrid exercise program enhances 
physical fitness and reverses frailty in older adults: insights and predictions 
from machine learning. J Nutr Health Aging, 1–9 (2023).

9. Meng D, Guo H, Liang S, Tian Z, Wang R, Yang G, Wang Z. Effectiveness of a 
hybrid exercise program on the physical abilities of frail elderly and explain-
able artificial-intelligence-based clinical assistance. Int J Environ Res Public 
Health. 2022;19(12):6988.

10. He S, Wei M, Meng D, Wang Z, Yang G, Wang Z. Self-determined sequence 
exercise program for elderly with sarcopenia: a randomized controlled trial 
with clinical assistance from explainable artificial intelligence. Arch Gerontol 
Geriatr. 2024;119:105317.

11. Wang Z, Meng D, He S, Guo H, Tian Z, Wei M, Yang G, Wang Z. The effective-
ness of a hybrid exercise program on the physical fitness of frail elderly. Int J 
Environ Res Public Health. 2022;19(17):11063.

12. Wei M, Meng D, Guo H, He S, Tian Z, Wang Z, Yang G, Wang Z. Hybrid exercise 
program for sarcopenia in older adults: the effectiveness of explainable artifi-
cial intelligence-based clinical assistance in assessing skeletal muscle area. Int 
J Environ Res Public Health. 2022;19(16):9952.

13. Eisele A, Schagg D, Kraemer LV, Bengel J, Goehner W. Behaviour change 
techniques applied in interventions to enhance physical activity adherence 
in patients with chronic musculoskeletal conditions: a systematic review and 
meta- analysis. Patient Educ Couns. 2019;102(1):25–36.

14. Collado-Mateo D, Lav´ın-P´erez AM, Pe˜nacoba C, Del Coso J, Leyton-Rom´an 
M, Luque-Casado A, Gasque P, Fern´andez-del-Olmo M, ´A., Amado-Alonso 
D. Key factors associated with adherence to physical exercise in patients with 
chronic diseases and older adults: an umbrella review. International journal of 
environmental research and public health 18(4), 2023 (2021).

15. Guralnik JM, Cawthon PM, Bhasin S, Fielding R, Magaziner J, Cruz- Jentoft 
AJ, Vellas B, Clarke L, Lattimer L, Evans W. Limited physician knowledge of 
sarcopenia: a survey. J Am Geriatr Soc. 2023;71(5):1595–602.

16. Verstraeten LM, Wijngaarden JP, Meskers CG, Maier AB. High sarcopenia 
awareness contrasts a lack of clinical implementation among geriatric reha-
bilitation health care professionals in the Netherlands: empower-gr. J Geriatr 
Phys Ther, 10–1519 (2023).

17. Horne M, Tierney S. What are the barriers and facilitators to exercise and 
phys- ical activity uptake and adherence among south Asian older adults: a 
systematic review of qualitative studies. Prev Med. 2012;55(4):276–84.

18. Hurst C, Robinson SM, Witham MD, Dodds RM, Granic A, Buckland C, De Biase 
S, Finnegan S, Rochester L, Skelton DA, et al. Resistance exercise as a treat-
ment for sarcopenia: prescription and delivery. Age Ageing. 2022;51(2):003.

19. Ohta R, Maeki N, Maniwa S, Miyakoshi K. Predicting factors of elderly patients’ 
discharge to home after rehabilitation in rural Japan: a retrospective cohort 
study. Rural Remote Health 21(1) (2021).

20. Picorelli AMA, Pereira LSM, Pereira DS, Fel´ıcio D, Sherrington C. Adherence to 
exercise programs for older people is influenced by program char- acteristics 
and personal factors: a systematic review. J Physiotherapy. 2014;60(3):151–6.

21. Hammond WE, Jaffe C, Cimino JJ, Huff SM. Standards in biomedical informat-
ics. Biomedical Informatics. Springer; 2014. pp. 211–53.

22. Johansson T, Wild C. Telerehabilitation in stroke care–a systematic review. J 
Telemed Telecare. 2011;17(1):1–6.

23. Seron P, Oliveros M-J, Gutierrez-Arias R, Fuentes-Aspe R, Torres-Castro RC, 
Merino-Osorio C, Nahuelhual P, Inostroza J, Jalil Y, Solano R, et al. Effective-
ness of telerehabilitation in physical therapy: a rapid overview. Phys Ther. 
2021;101(6):053.

24. Li M-L, Kor PP-K, Sui Y-F, Liu JY-W. Health maintenance through home-based 
interventions for community-dwelling older people with sarcopenia during 
and after the covid-19 pandemic: a systematic review and meta-analysis. Exp 
Gerontol. 2023;174:112128.

25. Hong J, Kim J, Kim SW, Kong H-J. Effects of home-based tele-exercise on 
sarcopenia among community-dwelling elderly adults: body composition 
and functional fitness. Exp Gerontol. 2017;87:33–9.

26. Cabana F, Pag´e C, Svotelis A, Langlois-Michaud S, Tousignant M. Is an in-
home telerehabilitation program for people with proximal humerus fracture 
as effective as a conventional face-to face rehabilitation program? A study 
protocol for a noninferiority randomized clinical trial. BMC Sports Sci Med 
Rehabilitation. 2016;8:1–8.

27. Hannan A, Shafiq MZ, Hussain F, Pires IM. A portable smart fitness suite 
for real-time exercise monitoring and posture correction. Sensors. 
2021;21(19):6692.

28. Maskeli¯unas R, Kulikajevas A, Damaˇseviˇcius R, Griˇskeviˇcius J, 
Adomaviˇciene˙ A. Biomac3d: 2d-to-3d human pose analysis model for tele-
rehabilitation based on pareto optimized deep-learning architecture. Appl 
Sci. 2023;13(2):1116.

29. Hellsten T, Karlsson J, Shamsuzzaman M, Pulkkis G. The potential of computer 
vision-based marker-less human motion analysis for rehabilitation. Rehabilita-
tion Process Outcome. 2021;10:11795727211022330.

30. Li Y, Wang C, Cao Y, Liu B, Tan J, Luo Y. Human pose estimation based in-home 
lower body rehabilitation system. In: 2020 International Joint Conference on 
Neural Networks (IJCNN), pp. 1–8 (2020). IEEE.

31. Tao T, Yang X, Xu J, Wang W, Zhang S, Li M, Xu G. Trajectory planning of upper 
limb rehabilitation robot based on human pose estimation. In: 2020 17th 
International Conference on Ubiquitous Robots (UR), pp. 333–338 (2020). 
IEEE.

32. Obdrˇz´alek ˇS, Kurillo G, Han J, Abresch T, Bajcsy R. Real-time human pose 
detection and tracking for tele-rehabilitation in virtual reality. In: Stud Health 
Technol Inform, pp. 320–324. IOS Press, (2012).

33. Prima ODA, Imabuchi T, Ono Y, Murata Y, Ito H, Nishimura Y. Single camera 
3d human pose estimation for tele-rehabilitation. In: eTELEMED 2019: The 
Eleventh International Conference on eHealth, Telemedicine, and Social 
Medicine, pp. 13–18 (2019).

34. Faul F, Erdfelder E, Lang A-G, Buchner A. G* power 3: a flexible statistical 
power analysis program for the social, behavioral, and biomedical sciences. 
Behav Res Methods. 2007;39(2):175–91.

35. Wu J, Li J. Prevalence of sarcopenia in the community-dwelling elder 
people in China: a systematic review and meta-analysis. Mod Prev Med. 
2019;46:4109–12.

36. Chelly MS, Fathloun M, Cherif N, Amar MB, Tabka Z, Van Praagh E. Effects of a 
back squat training program on leg power, jump, and sprint performances in 
junior soccer players. J Strength Conditioning Res. 2009;23(8):2241–9.

37. Santos L, Ribeiro AS, Schoenfeld BJ, Nascimento MA, Tomeleri CM, Souza MF, 
Pina FL, Cyrino ES. The improvement in walking speed induced by resistance 
training is associated with increased muscular strength but not skeletal 
muscle mass in older women. Eur J Sport Sci. 2017;17(4):488–94.

38. Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah KS, Chou M-Y, 
Chen L-Y, Hsu P-S, Krairit O, et al. sarcopenia in asia: consensus report of the 
Asian working group for sarcopenia. J Am Med Dir Assoc. 2014;15(2):95–101.

39. Tey SL, Chew STH, How CH, Yalawar M, Baggs G, Chow WL, Cheong M, Ong 
RHS, Husain FS, Kwan SC, et al. Factors associated with muscle mass in 
community-dwelling older people in Singapore: findings from the shield 
study. PLoS ONE. 2019;14(10):0223222.

40. Ostir GV, Kuo Y-F, Berges IM, Markides KS, Ottenbacher KJ. Measures of lower 
body function and risk of mortality over 7 years of follow-up. Am J Epidemiol. 
2007;166(5):599–605.

41. Beauchet O, Fantino B, Allali G, Muir S, Montero-Odasso M, Annweiler C. 
Timed up and go test and risk of falls in older adults: a systematic review. J 
Nutr Health Aging. 2011;15:933–8.

42. Bergland A, Jørgensen L, Emaus N, Strand BH. Mobility as a predictor of all-
cause mortality in older men and women: 11.8 year follow-up in the tromsø 
study. BMC Health Serv Res. 2017;17:1–7.

43. Veronese N, Koyanagi A, Cereda E, Maggi S, Barbagallo M, Dominguez LJ, 
Smith L. sarcopenia reduces quality of life in the long-term: longitudinal 
analyses from the English longitudinal study of ageing. Eur Geriatr Med. 
2022;13(3):633–9.

44. Lyons RA, Perry IM, Littlepage BN. Evidence for the validity of the short- 
form 36 questionnaire (sf-36) in an elderly population. Age Ageing. 
1994;23(3):182–4.

45. Lugaresi C, Tang J, Nash H, McClanahan C, Uboweja E, Hays M, Zhang F, 
Chang C-L, Yong MG, Lee J et al. Mediapipe: A framework for building per-
ception pipelines. arXiv preprint arXiv:1906.08172 (2019).



Page 15 of 15He et al. BMC Geriatrics          (2024) 24:586 

46. Bazarevsky V, Grishchenko I, Raveendran K, Zhu T, Zhang F. Grund- mann, 
M.: Blazepose: On-device real-time body pose tracking. arXiv preprint 
arXiv:2006.10204 (2020).

47. Costa Teixeira LA, Avelar NCP, Peixoto MFD, Parentoni AN, San- tos JMd, 
Pereira FSM, Danielewicz AL, Leopoldino AAO, Costa SP, Arrieiro AN, et al. 
Inflammatory biomarkers at different stages of sarcopenia in older women. 
Sci Rep. 2023;13(1):10367.

48. Zhu Y-q, Peng N, Zhou M, Liu P-p, Qi X-l, Wang N, Wang G, Wu Z-p. Tai Chi 
and whole-body vibrating therapy in sarcopenic men in advanced old age: a 
clinical randomized controlled trial. Eur J Ageing. 2019;16:273–82.

49. Barbat-Artigas S, Filion M-E, Dupontgand S, Karelis AD, Aubertin- Leheudre M. 
Effects of Tai Chi training in dynapenic and nondynapenic postmenopausal 
women. Menopause. 2011;18(9):974–9.

50. Chen S, Yang RR. Pose trainer: correcting exercise posture using pose estima-
tion. arXiv preprint arXiv:2006.11718 (2020).

51. Bernardo JS, Divinagracia EF, Go KK. Determining exercise form correct- ness 
in real time using human pose estimation. In: Proceedings of the 2023 5th 
International Conference on Image, Video and Signal Processing, pp. 83–88 
(2023).

52. Huang C-Y, Mayer PK, Wu M-Y, Liu D-H, Wu P-C, Yen H-R. The effect of Tai Chi 
in elderly individuals with sarcopenia and frailty: a systematic review and 
meta-analysis of randomized controlled trials. Ageing Res Rev, 101747 (2022).

53. Bagiartana KDA, Huriah T. A systematic review of the effectiveness of 
Tai Chi exercises for improving balance and lower limb muscle strength 
of the elderly in the community. Open Access Macedonian J Med Sci. 
2021;9(T5):6–12.

54. Silva Lage VK, Paula FA, Dos Santos JM, Costa HS, Silva GP, Lima LP, Santos 
JNV, Almeida HC, Figueiredo PHS, Bernardo-Filho M, et al. Are oxidative stress 
biomarkers and respiratory muscles strength associated with copd-related 
sarcopenia in older adults? Exp Gerontol. 2022;157:111630.

55. Lage V, Silva G, Lacerda A, Paula F, Lima L, Santos J, Almeida H, Pinto A, 
Figueiredo P, Costa H, et al. Functional tests associated with sarcopenia in 
moderate chronic obstructive pulmonary disease. Expert Rev Respir Med. 
2021;15(4):569–76.

56. Chiu K-L, Hsieh P-C, Wu C-W, Tzeng I-S, Wu Y-K, Lan C-C. Exercise training 
increases respiratory muscle strength and exercise capacity in patients with 
chronic obstructive pulmonary disease and respiratory muscle weakness. 
Heart Lung. 2020;49(5):556–63.

57. Huang D, Ke X, Jiang C, Song W, Feng J, Zhou H, Zhang R, Zhang A, Lan 
F. Effects of 12 weeks oftai chi on neuromuscular responses and postural 

control in elderly patients with sarcopenia: a randomized controlled trial. 
Front Neurol. 2023;14:1167957.

58. Millor N, Cadore EL, Gomez M, Martinez A, Lecumberri P, Martirikorena J, 
Idoate F, Izquierdo M. High density muscle size and muscle power are associ- 
ated with both gait and sit-to-stand kinematic parameters in frail nonagenar-
ians. J Biomech. 2020;105:109766.

59. Zackowski KM, Dromerick A, Sahrmann S, Thach W, Bastian AJ. How do 
strength, sensation, spasticity and joint individuation relate to the reaching 
deficits of people with chronic hemiparesis? Brain. 2004;127(5):1035–46.

60. Cherry-Allen KM, French MA, Stenum J, Xu J, Roemmich RT. Oppor- tunities 
for improving motor assessment and rehabilitation after stroke by leveraging 
video-based pose estimation. Am J Phys Med Rehabil. 2023;102(2S):68–74.

61. Wang D, Wang P, Lan K, Zhang Y, Pan Y. Effectiveness of Tai Chi exercise on 
overall quality of life and its physical and psychological components among 
older adults: a systematic review and meta-analysis. Braz J Med Biol Res 53 
(2020).

62. Aj C-J. sarcopenia: European consensus on definition and diagnosis. Report 
of the European working group on sarcopenia in older people. Age Ageing. 
2010;39:412–23.

63. Haider S, Luger E, Kapan A, Titze S, Lackinger C, Schindler KE, Dorner TE. 
Associations between daily physical activity, handgrip strength, muscle mass, 
physical performance and quality of life in prefrail and frail community-
dwelling older adults. Qual Life Res. 2016;25:3129–38.

64. Sun W, Aodeng S, Tanimoto Y, Watanabe M, Han J, Wang B, Yu L, Kono K. 
Quality of life (qol) of the community-dwelling elderly and associated factors: 
a population-based study in urban areas of China. Arch Gerontol Geriatr. 
2015;60(2):311–6.

65. Mahmood A, Deshmukh A, Natarajan M, Marsden D, Vyslysel G, Padicka- 
parambil S, Shwetha T, Direito A, Kumaran S, Girish N, et al. Development of 
strategies to support home-based exercise adherence after stroke: a delphi 
consensus. BMJ open. 2022;12(1):055946.

66. Amin J, Ahmad B, Amin S, Siddiqui AA, Alam MK. Rehabilitation professional 
and patient satisfaction with telerehabilitation of musculoskeletal disorders: a 
systematic review. BioMed Research International 2022 (2022).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Proposal and validation of a new approach in tele-rehabilitation with 3D human posture estimation: a randomized controlled trial in older individuals with sarcopenia
	Abstract
	Introduction
	Methods
	Participants and randomization
	Study design
	Assessment of the sarcopenia
	Assessment indicators
	Measurement method of appendicular skeletal muscle mass index
	Measurement method of grip strength
	Measurement method of 6-meter walking pace
	Measurement method of timed-up-and-go test
	Measurement method of QoL


	Tele-rehabilitation program design
	3D human pose estimation model
	3D coordinate extraction of skeletal keypoints
	Taichi movement feature extraction
	Model corretction

	Mathematical statistics
	Results
	Experimental feasibility assessment
	Comparison of ASMI results in three groups
	Comparison of grip strength results in three groups
	Comparison of 6-meter walking pace results in three groups
	Comparison of TUGT results in three groups
	Comparison of QoL results in three groups

	Discussion
	The effects of three training methods on muscle mass indicators in older adults with sarcopenia
	The effects of three training methods on muscle strength indices in older adults with sarcopenia
	The effects of three training methods on physical mobility indicators in older adults with sarcopenia
	The effects of three training methods on QoL indicators in older adults with sarcopenia

	Conclusion
	References


