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Abstract: This study examines the effects and intervention outcomes of Yi Jin Jing and Tai
Chi on lower limb muscle strength, gait characteristics, and fall risk among elderly males from
a biomechanical perspective. Methods: A total of 96 participants were randomly assigned to
the Yi Jin Jing Group (YJG) and the Tai Chi Group (TCG), with 48 individuals in each group.
The study employed lower limb muscle strength testing, gait analysis, fall index assessment,
the Berg Balance Scale (BBS), and the Fugl-Meyer Assessment Scale (FMA) to evaluate the
differences in lower limb muscle groups, gait characteristics, fall risk, dynamic balance ability,
and sports function between two groups of elderly males. Results: The relative peak torque of
the three major joint muscle groups in the lower limbs of the YJG and TCG during isokinetic
concentric contractions at 60°/s and 120°/s exhibited a significant increase compared to pre-
intervention levels, with the most pronounced changes observed in the ankle joint muscle group
(60°/s: Cohen’s d = 1.68/0.62, 95% CI: [1.16 to 2.20, 0.16 to 1.08]; 120°/s: Cohen’s d =
1.22/1.66, 95% CI: [1.16 to 2.20, 0.16 to 1.08]; P < 0.05). Notable differences were also
identified in the gait and fall index (30.32 £+ 9.64 vs. 57.23 + 6.67; 31.72 £ 7.42 vs. 46.67 £
5.93; Cohen’s d =1.67,95% CI: [-2.27 to —1.21]; 51.19 £ 4.72 vs. 36.50 £ 3.94; 50.58 £ 3.12
vs. 43.78 £ 4.41, Cohen’s d = —1.74, 95% CI: [-2.27 to —1.21]; P < 0.05). Significant
differences were also observed in the BBS and FMA scores (BBS: 51.27 £ 3.57 vs. 43.63 +
4.09, Cohen’s d = 1.99, 95% CI: [1.43 to 2.54]; FMA: 65.76 + 5.37 vs. 62.86 + 3.27, Cohen’s
d = 0.65, 95% CI: [1.43 to 2.54]; P < 0.05). Furthermore, YJG demonstrated a significant
advantage over TCG. These changes in parameters suggest enhanced lower limb strength,
improved gait stability, and better dynamic balance in elderly males, effectively reducing the
risk of falls. Conclusion: Both the YJG and TCG interventions can significantly improve lower
limb muscle strength, dynamic balance, gait ability, and overall motor function in elderly males.
However, the efficacy of YJG is notably superior to that of TCG. This finding provides valuable
insights and important clinical implications for fall prevention strategies in the elderly
population.

Keywords: lower limb muscle strength; gait characteristics; dynamic equilibrium; sports
function; anti-fall ability

1. Introduction

With the increasingly severe global aging population, the health issues faced by
the elderly have garnered significant international attention [1]. Falls represent a
common health threat in the daily lives of older adults, and the incidence and
associated risk factors were gradually receiving increased scrutiny [2]. According to
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statistics from the World Health Organization (WHO), an estimated 684,000
individuals worldwide die from falls each year, with over 80% of these fatalities
occurring in low- and middle-income countries [3]. Fall-related injuries not only
impair the daily living abilities of elderly individuals but also impose substantial
burdens on families and society [4].

Muscle loss refers to a syndrome characterized by a sustained decline in skeletal
muscle mass, strength, and function [5], which can pose significant threats to life and
health [6]. According to Guangming Net, from ages 40 to 70, the body’s muscle mass
decreases by 8% every decade, culminating in a total loss of 30% by age 60. After age
70, muscle mass decreases by 15% every ten years [7]. Moreover, the decline in
muscle strength and abnormal gait among the elderly are key factors contributing to
an increased risk of falls [8]. This is primarily due to aging and a lack of exercise, which
lead to muscle atrophy [9]. Consequently, there is a reduction in muscle volume, the
number of muscle fibers, and muscle strength, accompanied by a weakening of neural
regulatory functions. Ultimately, this results in a decline in proprioceptive function and a
decrease in body balance ability, thereby increasing the fall risk index [10,11].
Furthermore, factors such as gait stability, stride length, and step frequency directly
affect the walking ability of the elderly. Impaired walking ability further jeopardizes
the safety of the elderly [12]. Additionally, these factors exhibit a positive correlation
with falls among this demographic [13]. Research indicates that unstable gait is one of
the primary causes of falls in the elderly [14]. Therefore, it is particularly important to
pursue effective interventions aimed at enhancing muscle strength and improving gait
stability in older adults.

Exercise intervention, as a non-pharmacological approach, is one of the most
widely utilized methods for promoting health among the elderly population [15]. Such
as Tai Chi, Baduanjin, Yoga, and resistance training have been shown to positively
impact muscle strength and gait stability in older adults [16,17]. Studies have
demonstrated that appropriate exercise can effectively delay muscle atrophy, enhance
muscle strength, and improve gait stability, thereby further enhancing balance in the
elderly population and reducing the risk of falls [18]. Furthermore, exercise promotes
the functions of the vestibular, visual, and proprioceptive systems, which contributes
to improved posture control and balance maintenance [19,20]. Additionally, exercise
fosters neuronal connections, enhances memory and concentration, and aids the brain
in better processing and integrating information [21]. This, in turn, strengthens the
nervous system’s ability to control limbs, resulting in more precise orientation and
balance control, ultimately reducing the risk of falls [22]. The Yi Jin Jing, a traditional
fitness method, aims to enhance the body’s flexibility, coordination, core muscle
strength, and stability through its unique movements and breathing techniques. In
particular, the positional adjustments and movement exercises inherent to Yi Jin Jing
are effective in improving muscle strength, joint flexibility, and balance ability [23].
Although existing studies have explored the potential benefits of Yi Jin Jing and Tai
Chi in reducing the risk of falls among the elderly, most of these studies are limited to
the assessment of single indicators and lack comprehensive analysis. For instance,
some research has shown through gait analysis that Tai Chi practice can significantly
improve gait symmetry and stability in older adults; however, there is less emphasis
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on evaluating muscle strength and fall risk indices [24]. Additionally, some studies
have focused on the effects of Yi Jin Jing in enhancing muscle strength among the
elderly, but there is a notable absence of specific analyses regarding gait characteristics
and fall risk [25]. Therefore, current research has not yet comprehensively elucidated
the specific effects of Yi Jin Jing and Tai Chi on muscle strength, gait characteristics,
and fall risk in older adults. In particular, there is a significant lack of comparative
studies on the intervention effects of Yi Jin Jing and Tai Chi, which necessitates further
in-depth exploration to address this gap.

This study aims to investigate the effects of Yi Jin Jing and Tai Chi on lower limb
muscle strength, gait characteristics, and fall risk indices in elderly men through
biomechanical analysis. Specifically, based on primary outcome measures (muscle
strength testing, gait analysis, and fall risk assessment) and secondary outcome
measures (the Berg Balance Scale and the Fugl-Meyer Assessment Scale), this study
will systematically explore the effects of Yi Jin Jing and Tai Chi practice on lower limb
muscle strength, gait parameters, and fall risk in elderly men, thereby addressing gaps
in previous research. Through this research, we aim to provide a scientific basis for
elderly healthcare, promote the development of personalized exercise programs, and
effectively prevent the risk of falls among elderly men, which holds significant clinical
reference value.

2. Materials and methods

2.1. Baseline information

From 11 to 18 November 2024, a total of 114 retired men aged 60 to 70 were
recruited from two elderly care centers in Shenyang, China. Based on the established
inclusion and exclusion criteria, as well as the specific content and requirements of the
experiment, 96 elderly men ultimately participated in this study. The participants were
randomly assigned to the Yi Jin Jing Group (YJG) or the Tai Chi Group (TCG), with
48 individuals in each group. The experiment was conducted from 25 November 2024
to 19 January 2025, spanning a duration of eight weeks, with five sessions each week,
each lasting 50 min. Prior to the formal intervention, both groups underwent five days
of intensive training to familiarize the participants with the fundamental movements
of Yi Jin Jing and the eight-form Tai Chi techniques. Following the training, all
participants rested for two days before commencing the formal intervention. The
specific intervention movements for the two groups were as follows:

1) Yi Jin Jing: The YJG implemented the Yi Jin Jing program, a national fitness
initiative promoted by the General Administration of Sport of China. The specific
movements included are the First Posture of Weituo Presenting the Pestle, the
Second Posture of Weituo Presenting the Pestle, the Third Posture of Weituo
Presenting the Pestle, the Posture of Picking Stars and Changing the Dipper, the
Posture of Pulling Nine Oxen by Their Tails Backwards, the Posture of Extending
Claws and Displaying Wings, the Posture of Nine Ghosts Pulling the Sabre, the
Posture of Three Plates Falling to the Ground, the Posture of the Green Dragon
Stretching Its Claw, the Posture of the Crouching Tiger Pouncing on Its Prey, the
Posture of Bowing, and the Posture of Swinging the Tail. Six physical education
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2)

3)

4)

5)

teachers, each with a minimum of ten years of experience in teaching Yi Jin Jing,
supervised and guided the participants. During the practice, the teachers
instructed the participants to focus on the standardization of movements, the
coordination of breathing, and the method of exerting force. For instance, when
performing the ‘Dao Zhua Jiu Niu Wei Shi,” it is crucial to emphasize the
continuity and softness of the movements, the shifting of the center of gravity,
the coordination of exhalation, toe gripping, the twisting of the upper limbs and
waist, and the maintenance of body stability and responsiveness.

Tai Chi: The TCG participated in an intervention involving the 8-form Tai Chi,
which comprises specific movements including the Commencing Form, Parting
the Wild Horse’s Mane on Both Sides, White Crane Spreads Its Wings, Brushing
Knee and Twisting Step on Both Sides, Playing the Lute, Repulse Monkey on
Both Sides, Grasping the Bird’s Tail on the Left Side, Cross Hands, and Closing
Form. This practice was supervised by six physical education teachers, each
possessing a minimum of 10 years of experience in Tai Chi instruction. The
teachers emphasized the importance of movement continuity and fluidity, as well
as the shifting of the center of gravity. For example, during the “Parting the Wild
Horse’s Mane on Both Sides” movement, participants were guided to rotate their
limbs slowly around the waist as the axis, ensuring a smooth transition of the
body’s center of gravity.

Inclusion criteria: (1) The study focuses on male retirees aged 60 and above who
meet specific criteria for participation. (2) Participants must be assessed for fall
risk using clinical methods and must fulfill the comprehensive assessment criteria
for fall risk in the elderly as defined by T/CGSS 014-2020 [26]. (3) Participants
should exhibit clear mental faculties, with no identified cognitive dysfunction,
allowing them to comprehend the research content and engage fully in the study.
(4) Participation in this survey is voluntary, with all participants having signed an
informed consent form, and they must be willing to consistently cooperate with
researchers throughout the trial intervention. (5) Participants should have no
history of practicing Yi Jin Jing or any other regular exercise routines.
Exclusion criteria: (1) long-term bed rest or significant lack of mobility; (2)
audiovisual dysfunction that impairs the ability to comprehend researchers’
instructions; (3) individuals with trauma that restricts participation in physical
activities or those with severe osteoporosis; (4) participants who voluntarily
withdraw from the study for any reason during the research process.
Termination criteria include the following: (1) occurrence of serious adverse
reactions during the experiment; (2) poor compliance, characterized by a lack of
adherence to the exercise regimen outlined in the experimental plan; (3)
individuals deemed unsuitable for other reasons to continue their participation in
the experiment.

In accordance with the Declaration of Helsinki, 96 informed consent statements

from the participants and their families were signed and subsequently approved by the
Academic Ethics Committee of the Sports Department at Shenzhen Vocational and
Technical University (Approval No.: SZTY202401021).
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2.2. Measurement indicators
2.2.1. Main outcome measures

(1) Lower limb muscle strength test: The lower limb muscle strength test utilized
the CON-TREX isokinetic feedback biomechanical testing and training system
developed by German PHSIOMED GmbH. This system was employed to assess the
dynamic contraction muscle strength of the hip, knee, and ankle joints through both
slow and fast contractions at speeds of 60°/s and 120°/s, respectively. The test
indicators included the maximum relative peak torque of centripetal and centrifugal
contractions of the lower limb joints at these two speeds. It is crucial to adhere strictly
to the guidelines of the CON-TREX force measurement and rehabilitation system
throughout the testing process, and participants should refrain from engaging in
intense exercise prior to the test [27-29].

(2) Gait test: The gait test was conducted using the Vicon operating system
produced by Vicon Motion Systems Ltd in the UK, utilizing the MX13 camera with a
sampling frequency of 120 Hz. Gait assessments were performed separately for the
two groups of subjects. A total of 49 marker balls were employed in accordance with
the calibration requirements of the equipment. All subjects wore experimental clothing
and comfortable shoes, and the tests were conducted under the guidance of the
experimenter. The kinematic indicators of gait selected for this study included step
size, pace speed, the percentage of time spent in the standing and swinging phases, the
torsion angles of the shoulder and hip axes, trunk left and right shaking amplitude, and
trunk forward angle, among others [30,31].

(3) Fall index test: The fall index test utilizes the Tetrax balance function
diagnosis and training system, developed by Sunlight Medical in Israel, to assess foot
pressure distribution (vertical pressure in both the anterior and posterior directions)
while standing. The system processes the incoming data using automated computer
analysis software. Ultimately, the subject’s fall index is calculated, with a range of 0
to 100. This index categorizes fall risk as follows: low (0-36), medium (37-58), and
high (59-100). A lower index value indicates a reduced probability of falling [32,33].

2.2.2. Secondary outcome measures

(1) The Berg Balance Scale (BBS): The BBS was utilized in this study to assess
the balance abilities of elderly males engaged in Yijin Jing and 8-style Tai Chi
exercises. All participants completed 14 tasks, which included sitting to standing,
standing independently, and standing with eyes closed. These tasks encompassed
movements such as transitioning between sitting and standing, maintaining posture,
engaging in physical activities, and walking. Each task was scored according to a
specific 0—4 scoring criterion, and the scores from all 14 tasks were summed, yielding
a total score ranging from 0 to 56 points. A higher score indicates better balance ability
and a lower risk of falling. Generally, a score below 40 points suggests an increased
risk of falling [34,35].

(2) The Fugl-Meyer Assessment Scale (FMA): FMA was employed to evaluate
the effects of Yijin Jing and 8-style Tai Chi on the sports function of elderly males,
utilizing the Chinese simplified version of the FMA. This scale encompasses upper
limb sports functions, which include five dimensions: shoulder movement, elbow
movement, forearm movement, wrist movement, and hand movement, as well as lower
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limb sports function, comprising four dimensions: hip movement, knee movement,
ankle movement, and toe movement. Each specific item within these dimensions was
scored on a scale of 0 to 2, depending on the completion of the movement. The scores
for upper and lower limb movements are then summed to obtain a total score, which
ranges from 0 to 100 points. The scoring segments were categorized as follows: low
segment (0—33 points), middle segment (34—66 points), and high segment (67—100
points). A higher total score indicates better sports function in the patient [36].

2.3. Data statistical analysis

Data analysis was conducted using SPSS version 25.0 software. For normally
distributed measurement data, the mean + standard deviation (M + SD) was used for
representation, while enumeration data were expressed as percentages. In terms of
statistical testing methods, independent sample #-tests were employed to assess the
differences between the YJG and the TCG, while paired #-tests were utilized to
evaluate the differences and changes within two groups. Through between-group and
within-group assessments, we can effectively clarify the changes in lower limb muscle
strength, gait characteristics, and fall risk resistance in elderly males, as indicated by
the primary outcome measures (muscle strength testing, gait analysis, and fall risk
assessment) and secondary outcome measures (Berg Balance Scale and Fugl-Meyer
Assessment Scale). By calculating Cohen’s d value, we evaluated the effect sizes of
the primary and secondary outcome measure parameters post-intervention in both
groups (Cohen’s d value ranges from —1 to 1; values greater than 1 indicate a positive
and significant effect). Statistical significance was defined as P < 0.05.

3. Results
3.1. Baseline data analysis

Table 1. General data comparison of baseline characteristics between two groups (M

+ SD).

General Information YJG (n=48) TCG (n=48) 4
Age 66.7 +4.22 64.1 +£3.61 0.36
Height (cm) 171.92 +£6.73 172.12+7.12 0.88
Weight (kg) 68.43 +7.81 69.56 £ 6.34 0.68
Number of falls (within six months) 8.47+3.23 7.63 £3.36 0.76
Do you have a history of Yes 17 (35.41) 14 (29.17) 0.43
surgery (%) No 31 (64.59) 34(70.83) '

The study evaluated the general characteristics of two groups, including age,
height, weight, the number of falls over a six-month period, and surgical history. Based
on the baseline data, the following results were observed: age (YJG: 66.7 £ 4.22 years;
TCG: 64.1 + 3.61 years; P = 0.36); height (YJG: 171.92 £ 6.73 cm; TCG: 172.12 +
7.12 cm; P = 0.57); weight (YJG: 68.43 + 7.81/kg; TCG: 69.56 = 6.34/kg; P = 0.68);
number of falls in six months (YJG: 8.47 + 3.23/times; TCG: 7.63 + 3.36/times; P =
0.76); and surgical history (YJG: 35.41%; TCG: 29.17%). The comparison of baseline
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characteristics indicated no statistically significant differences between the two groups
across various indicators (P > 0.05), suggesting that the two groups are comparable in
their baseline characteristics (Table 1).

3.2. Lower limb muscle strength assessment

The results in Table 2 indicate that at both 60°/s and 120°/s, the YJG exhibited
superior muscle strength across multiple joints compared to the TCG, particularly in
the extensors and flexors of the hip and ankle joints. In the 60°/s test, the YJG (HE:
281.68 £43.52 vs. 350.18 + 41.42; HF: 187.39 + 24.21 vs. 211.35 £ 31.41; P <0.05)
and the TCG (HE: 283.72 £39.26 vs. 318.51 =3 6.83; HF: 186.50 + 23.44 vs. 191.12
+28.32; P <0.05) demonstrated significant differences within their respective groups
regarding the hip joint muscle groups. Post-test comparisons between the groups
further revealed that the YJG exhibited a more pronounced improvement effect on the
hip joint muscle groups than the TCG (Cohen’s d = 0.81/0.68, 95.0% [13.73 to 49.61,
6.56 to 33.90], P < 0.05), indicating a moderate effect size. Regarding the knee joint
muscle groups, both the YJG (KE: 232.41 + 20.31 vs. 298.61 £22.76; KF: 122.34 +
14.16 vs. 148.58 + 16.43; P < 0.05) and the TCG (KE: 234.25 + 19.27 vs. 297.27 +
20.43; KF: 122.36 + 14.28 vs. 146.52 £ 16.36; P < 0.05) showed significant
differences within their groups, but no significant difference was observed between
the two groups (Cohen’s d = 0.06/0.13, 95.0% [—8.55 to 11.23, —5.43 to 9.55], P >
0.05), indicating a very small effect size, which suggests that the two interventions
have relatively similar effects on the knee joint muscle groups. In terms of ankle joint
muscle groups, both the YJG (AE: 39.28 £ 6.70 vs. 52.75 £ 6.21; AF: 133.37 £ 12.64
vs. 148.23 + 15.12; P < 0.05) and the TCG (AE: 38.62 + 7.13 vs. 43.19 + 5.14; AF:
132.26 £ 11.15 vs. 139.37 £ 13.27; P < 0.05) exhibited significant within-groups
differences, demonstrating a larger effect in flexors and a moderate effect in extensors
(Cohen’s d = 1.68/0.62, 95.0% [1.16 to 2.20, 0.16 to 1.08], P < 0.05). Furthermore,
the company was committed to continuously enhancing the quality of its products and
services to meet the diverse needs of its customers. In terms of ankle joint muscle
groups, significant differences were observed both within and between the YJG (AE:
39.28 £ 6.70 vs. 52.75 + 6.21; AF: 133.37 = 12.64 vs. 148.23 + 15.12; P < 0.05) and
the TCG (AE: 38.62 + 7.13 vs. 43.19 £ 5.14; AF: 132.26 + 11.15 vs. 139.37 + 13.27,
P < 0.05). Notably, a larger effect size was noted in the flexor muscles, while a
moderate effect size was observed in the extensor muscles (Cohen’s d = 1.68 / 0.62,
95.0% [1.16 to 2.20, 0.16 to 1.08], P < 0.05). In the 120°/s test, both the YJG (HE:
235.12 £ 19.67 vs. 291.53 £ 17.47; HF: 121.43 +£26.68 vs. 152.38 £ 27.28; P < 0.05)
and the TCG (HE: 234.45 +£20.14 vs. 267.09 + 19.82; HF: 120.84 + 23.12 vs. 136.18
+22.42; P<0.05) demonstrated significant improvements in hip muscle groups. Post-
test comparisons further revealed that the YJG had a significantly greater effect on the
enhancement of hip muscle groups compared to the TCG (Cohen’s d = 1.31/0.65,
95.0%[0.19t0 1.11,0.19 to 1.11], P <0.05), with a larger effect observed on extensors
and a moderate effect on flexors. Regarding knee muscle groups, both the YJG (KE:
129.63 £ 15.75 vs. 146.69 + 17.43; KF: 92.19 + 14.14 vs. 107.36 + 14.76; P < 0.05)
and the TCG (KE: 130.23 £ 16.58 vs. 144.15£16.27; KF: 92.17 £ 15.73 vs. 106.23 +
13.82; P < 0.05) exhibited significant within-group changes; however, there was no
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significant difference between the groups (Cohen’s d = 0.15/0.08, 95.0% [—0.30 to
0.60, —0.37 to 0.53], P > 0.05), indicating a very small effect size. This suggests that
the impact of both interventions on knee muscle groups is relatively comparable. In
terms of the muscle groups surrounding the ankle joint, both the YJG (AE: 22.16 +
4.01 vs.32.91 £5.12; AF: 62.34 £ 6.18 vs. 82.89 £9.73; P <0.05) and the TCG (AE:
22.23£4.09 vs. 25.94 + 6.26; AF: 61.63 +9.78 vs. 70.26 + 10.33; P < 0.05) exhibited
significant differences both within and between groups (Cohen’s d = 1.68/0.62, 95.0%
[1.16 to 2.20, 0.16 to 1.08], P < 0.05), indicating a large effect size. This suggests that
the Yi Jin Jing intervention was significantly more effective than Tai Chi in enhancing
muscle strength around the ankle joint. At angular velocities of 60°/s and 120°/s, with
the exception of the knee joint muscle groups, the analysis results were largely
consistent with previous studies [37], indicating that Yi Jin Jing was significantly more
effective than Tai Chi in improving lower limb muscle strength, particularly in the hip

and ankle joint muscle strength. (Figures 1 and 2).

Table 2. Changes in lower limb muscle groups at 60 s and 120 s were constant-centered at 60s and 1209s (M %

SD).
YJG (n=48) TCG (n=48)
Indicator Joint Muscle group Cohen’sd 95.0% CI
Pre Post Pre Post
Hip Extensor (HE) 281.68 +£43.52 350.18 +41.42% 283.72 £39.26 318.51 +£36.83*" 0.81 13.73t0 49.61
Flexor (HF) 187.39 +24.21 211.35+31.41% 186.50 £23.44 191.12 +28.32* 0.68 6.56 to 33.90
50%/s Knee Extensor (KE) 232.41 £20.31 298.61 +£22.76% 234.25+19.27 297.27 £20.43*  0.06 —8.551t0 11.23
Flexor (KF) 122.34 +14.16 14858 +16.43% 122.36 +14.28 146.52 +£16.36"  0.13 —5.43109.55
Extensor (AE) 39.28 +6.70 52.75 +6.21" 38.62 =7.13 43,19 +5.14* 1.68 1.16 t0 2.20
Ankle Flexor (AF) 133.37 £12.64 148.23 +15.12% 132.26 +11.15 139.37 £13.27"" 0.62 0.16t0 1.08
) Extensor (HE) 235.12 +£19.67 291.53 +£17.47% 234.45+20.14 267.09 +19.82** 1.31 0.81t01.81
e Flexor (HF) 121.43 +26.68 152.38 +27.28% 120.84 £23.12 136.18 +22.42*"  0.65 0.19t01.11
120°%8 Knee Extensor (KE) 129.63 +15.75 146.69 +17.43% 130.23 +£16.58 144.15+16.27* 0.15 —0.30t0 0.60
Flexor (KF) 92.19 +£14.14  107.36 £14.76* 92.17 +15.73  106.23 +£13.82  0.08 —0.37100.53
Ankle Extensor (AE) 22.16 +4.01 32.91 +5.12% 22.23 £4.09 25.94 +6.26*" 1.22 0.73t01.71
Flexor (AF) 62.34 +6.18 82.89 +9.73" 61.63 +9.78 70 26 +10.33* 1.26 0.77t0 1.75

Note: *P < 0.05 between groups; *P < 0.05 within groups.
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Figure 1. YJG vs. TCG: Changes in extensor and flexor muscle of hip, knee, and ankle at 60°/s in two groups.
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Figure 2. YJG vs. TCG: Changes in extensor and flexor muscle of hip, knee, and ankle at 120°/s in two groups.

3.3. Gait and fall index assessment

The data presented in Table 3 indicate that there were significant differences in
step length (cm) between the YJG and the TCG in both the anterior and posterior
measurements (30.32 + 9.64/31.72 £ 7.42 <57.23 + 6.67 > 46.67 = 5.93, Cohen’s d =
1.67,95.0% [1.15 to 2.19], P < 0.05). Additionally, walking speeds (1.10 + 0.33/1.09
+0.34<1.224+0.42>1.12£0.37, Cohen’s d = 0.25, 95.0% [—0.20 to 0.70], P < 0.05),
standing phase (66.28 £ 11.67/65.46 £9.48 > 57.35 £ 7.62 <60.91 £ 10.51, Cohen’s
d=-0.39, 95.0% [-0.86 to 0.07], P < 0.05), and moving phase (32.82 £ 7.56/31.14 +
6.22<43.31+6.38>37.25+7.16, Cohen’s d = 0.89, 95.0% [0.42 to 1.36], P <0.05).
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Furthermore, the fall index showed significant differences (51.19 + 4.72 / 50.58 +
3.12>36.50 £ 3.94 <43.78 £ 4.41, Cohen’s d = —1.74, 95.0% [-2.27 to —1.21], P <
0.05). The shoulder and hip torsion angle (°) also exhibited significant differences
(9.26 £0.53/9.13 £0.32<13.33 £ 0.67 > 9.13 £ 0.32, Cohen’s d = 2.96, 95.0% [2.31
to 3.61], P <0.05), the left and right swaying of the torso (8.17 &+ 0.25/8.84 £ 0.18 >
5.39+0.22 <6.74 £ 0.23, Cohen’s d = —6.28, 95.0% [—7.38 to —5.18], P < 0.05), and
the torso forward tilt angle (7.26 + 3.51 / 7.93 + 2.17 > 5.67 + 2.76 < 6.19 + 3.31,
Cohen’s d = —0.17, 95.0% [—0.62 to 0.28], P < 0.05). The data analysis revealed
significant differences both within and between groups, with the exception of the WS
and TFTA groups, consistent with previous research findings [38]. This further
indicates that Yi Jin Jing training was more effective than Tai Chi training in enhancing

various gait and fall-related indicators (Figures 3 and 4).

Table 3. Changes in gait and fall index of the pre and post of the two groups (M %£SD).

YJG (n = 48) TCG (n = 48)
Indicator Cohen’sd 95.0% CI

Pre Post Pre Post
Step length (SL, cm) 3032+9.64 5723+667F 31724742 4667+593  1.67 1.15 0 2.19
Walking speeds (WS, m/s) 1.10+0.33 1224042  1.09+034  1.12+0.37* 0.25 ~0.20 to 0.70
Standing phase (SP, %) 66.28 +11.67 57.35+7.62*  65.46 £9.48 60.91=10.51* -0.39 —0.86 t0 0.07
Moving phase (MS, %) 32.82+7.56 4331+6.38% 31.14+622 3725+7.16" 0.89 0.42 to 1.36
Fall index (FI) 51.19+£4.72 36.50 +£3.94% 50.58 +£3.12 43.78 £4.41*" -1.74 —2.27t0—1.21
Shoulder and hip torsion angle (SHTA, °)  9.26 £0.53  13.33+0.67*  9.13+032  11.67+041* 2.96 2.31t03.61
Left and right swaying of torso (LRST, cm) 8.17 £0.25 5.39 +£0.22% 8.84+0.18 6.74 £ 0.23* —6.28 —7.38 to—5.18
Torso forward tilt angle (TFTA, °) 7.26 £3.51 5.67 £2.76" 7.93+2.17 6.19 £3.31* -0.17 —0.62t0 0.28

Note: *P < 0.05 between groups; *P < 0.05 within groups.
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3.4. BBS and FMA evaluation

The analysis of the participants’ conditions revealed that the BBS score for the
TCG significantly increased from 36.42 + 4.58 to 51.27 + 3.57, while the FMA score
also showed substantial improvement, rising from 32.16 + 3.99 to 65.76 + 5.37. These
results clearly demonstrate that participants achieved significant enhancements in
balance ability and motor function (P < 0.05). In the TCG, the BBS score increased
from 35.29 £5.23 t0 43.63 + 4.09, and the FMA score rose from 31.56 £ 4.41 to 62.86
+ 3.27, reflecting significant within-group differences (P < 0.05). From an inter-group
perspective, the YJG exhibited significantly higher scores in both BBS and FMA
compared to the TCG (BBS: 51.27 £3.57 >43.63 £ 4.09; FMA: 65.76 £ 5.37 > 62.86
+3.27; Cohen’s d = 1.99/0.65, 95.0% [1.43 to 2.54, 0.19 to 1.12], P <0.05), with BBS
demonstrating a large effect size and FMA showing a medium effect size. Both groups
revealed significant differences in the posterior aspect of BBS (P < 0.05); however,
between-groups differences in the posterior aspect of FMA were not significant (P >
0.05). The findings of this study clearly indicate that Yi Jin Jing training was superior
to Tai Chi in improving balance ability and motor function in elderly men, which was
consistent with previous research [39]. This superiority may be attributed to the unique
movements and breathing techniques of Yi Jin Jing, which were more effective in
enhancing core stability and body coordination, thereby resulting in more pronounced
improvements in balance and motor function (Table 4, Figure 5).
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Table 4. Changes in pre and post of the BBS and FMA indicators in the two groups (M £SD).

YJG (n =48) TCG (n =48)
Indicator Cohen’s d 95.0% CI
Pre Post Pre Post
BBS 36.42 +£4.58 51.27 £3.57* 35.29+5.23 43.63 £ 4.09*" 1.99 1.43 to 2.54
FMA 32.16 £3.99 65.76 £ 5.37% 31.56 +4.41 62.86 +3.27* 0.65 0.19tol.12
Note: *P < 0.05 between groups; *P < 0.05 within groups.
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Figure 5. YJG vs. TCG: Changes in BSS and FMA between two groups.

4. Discussions

This study evaluated the effects of the YJG and TCG on lower limb muscle
strength, gait characteristics, and fall risk in elderly men from a biomechanical
perspective, combined with related measurement indicators such as lower limb muscle
strength testing, gait analysis, fall index, BBS, and FMA. Research has shown that
both groups exhibit significant advantages, but YJG was significantly better than TCG
in reducing the risk of falls in elderly men, enhancing the strength and endurance of
lower limb muscle groups, and improving gait, balance, and sports function. These
findings not only provide strong evidence support for relevant theories, further filling
the gap in previous research in this field, but also provide new ideas and exercise
programs for preventing falls in the elderly.

As they age, the muscle strength of elderly people continues to decline, which
has led to a series of hospitalizations and even fatal cases due to falls [40]. This not
only causes more pain for elderly patients themselves but also imposes a heavy
economic and caregiving burden on their families [41]. Studies have demonstrated that
after the age of 65, the lower limb muscle strength of elderly individuals declines at a
rate of 1% to 2% per year [42]. This decline in muscle strength is a crucial factor
contributing to instability in the body’s center of gravity during standing and walking,
thereby complicating the maintenance of postural stability. Consequently, this
deterioration adversely impacts the daily functional activities of the elderly, further
increasing the risk of falls and posing a significant threat to their safety [43]. To change
this situation, research has confirmed that the plasticity of skeletal muscles primarily
arises from their sensitivity to external stimuli induced by resistance training,
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highlighting the positive impact of exercise on mitigating muscle loss in the elderly
population [44].

Firstly, the results of this study confirm that the relative peak torque of lower limb
muscle groups during isokinetic centripetal contraction at velocities of 60°/s and
120°/s is consistent with findings from previous research [45,46]. Previous studies
have demonstrated that elderly individuals who practice Tai Chi exhibit significantly
greater relative peak torque in isokinetic concentric contractions of the lower limb
joint flexion and extension muscles compared to those who engage in prolonged
walking. Strengthening and enhancing the endurance of lower limb muscle groups can
substantially improve balance and proprioceptive function [47]. While both Yijin Jing
and Tai Chi demonstrate considerable benefits, the effectiveness of Yijin Jing was
notably superior to that of Tai Chi. This difference may be attributed to Yijin Jing’s
greater emphasis on enhancing muscle strength in targeted areas, coupled with a
relatively higher exercise intensity. Consequently, this practice primarily contributes
to improvements in muscle strength, endurance, and body flexibility [48]. In contrast,
the Yi Jin Jing movement was strong and powerful, emphasizing more on muscle
contraction, extension, stretching, and twisting, which requires the active and
antagonistic muscles to constantly switch between contractions during exercise.
Throughout the entire process of practice of Yi Jin Jing, the center of gravity of the
human body remains at a medium or low level and moves back, forth, left, and right
(such as the postures such as the lying tiger pouncing on food and the pulling the nine
ox tail posture), which effectively promotes the ability of the hip, knee, ankle, and
other lower limb joint extensor and flexor muscles to withstand maximum loads, as
well as the grasping ability of the toes (such as the Qinglong claw probing posture and
tail dropping posture), further enhancing body stability [49]. Furthermore, the
enhancement of neural regulation functions by the Yi Jin Jing promotes improved
coordination and conversion among the active, coordinating, and antagonistic muscles
during exercise. This, in turn, significantly enhances the strength and endurance of the
lower limb muscle groups in elderly individuals [50]. An interesting finding from this
research is the significant individual variability among the elderly. During the
intervention process, it is essential to continuously adjust the exercise intensity based
on the actual circumstances of the elderly to address their personalized exercise needs,
which aligns with previous research findings. Studies indicate that distinct exercise
programs tailored to the individual differences among the elderly should be developed;
for instance, for elderly individuals with diminished muscle strength, an increased
emphasis on resistance training is warranted, whereas for those with compromised
balance, balance training should be prioritized [51]. Moreover, throughout the exercise
regimen, it is crucial to closely monitor the physical reactions of elderly participants
and timely adjust the exercise plan according to their physical conditions [52].
Additionally, for elderly individuals at risk of falling, it is important to complement Yi
Jin Jing exercises with measures aimed at improving their living environment, such as
installing handrails in bathrooms and removing obstacles at home, to mitigate the risk
of falls [53].

Secondly, with advancing age, the twisting ability of the trunk and pelvis of
elderly people decreases, the angle of movement of lower limb joints decreases, the
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support time increases, and due to muscle weakness, the stability of hip, knee, and
ankle joints significantly decreases, the walking speed slows down, the step length
decreases (such as the common “dragging” phenomenon) [54], and the decline in
reaction and balance abilities will further exacerbate the risk of falls [55]. While Tai
Chi can enhance balance and improve muscle strength [56], the biggest difference
from Tai Chi was that the benefit and the key distinction of the Yi Jin Jing intervention
was its ability to not only improve the trunk balance regulation reflex function in
elderly individuals but also to enhance overall body stability, as well as both dynamic
and static balance capabilities and normal walking ability. Notably, Yi Jin Jing focuses
more on improving physical support and movement ability, which has a more direct
improvement effect on gait problems caused by insufficient muscle strength or
decreased joint function.

In addition, the factors contributing to falls in elderly individuals are complex
and closely linked to diminished physical function. While the decline in muscle
strength and proprioceptive ability was one of the contributors to falls [57], the
deterioration of balance response capability in the elderly may result in an increased
incidence of falls. Consequently, enhancing the balance ability of older adults is crucial
for fall prevention [58]. Previous studies have demonstrated that Tai Chi can
significantly enhance balance and posture control in elderly individuals, thereby
reducing the risk of falls [59,60]. This finding aligns with the results of the current
study. However, the results of this study suggest that the Yi Jin Jing intervention can
further strengthen the control, coordination, and toe grasping abilities of the pelvis,
trunk, and various joints. This intervention enhances proprioception, not only
improving the dynamic balance abilities of the elderly but also further enhancing their
overall exercise function, thereby reducing the risk of falls.

Finally, the training of Yi Jin Jing emphasizes that body coordination, balance,
flexibility, core stability, and the torsional nature of the body are intricately linked to
neural muscle control, cerebral cortex activity, and nerve conduction velocity. This
aligns with prior research in related sports [61,62]. Studies indicate that physical
exercise enhances neural muscle connections and improves the activation of motor
neurons, thereby increasing muscle strength and motor function performance while
maintaining body balance [63]. Additionally, sports may enhance motor control by
promoting cerebral cortex activity, which further improves balance and coordination
in the human body. Research has shown that among elderly individuals engaged in
sports, significant changes in cerebral cortex activity and enhanced nerve conduction
velocity can facilitate the formation of new synaptic connections between neurons or
strengthen existing ones. This process subsequently improves balance function,
reaction speed, and motor coordination, thereby reducing the risk of falls among the
elderly [64].

Although this study has compared the effects of Yijin Jing and Taiji Quan on the
changes in lower limb muscle groups, gait characteristics, and fall risk in elderly men,
demonstrating significant intervention effects, it still has certain limitations. First, the
participant demographic is relatively homogeneous, consisting solely of elderly men,
which limits the generalizability of the findings to different genders. Second, the
research period is short, lacking long-term follow-up investigations and an assessment
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of the impact of exercise intensity. Additionally, although randomization was
employed for grouping during the research process, the grouping method is simplistic,
and the blinding procedure is inadequate. Furthermore, factors such as participants’
diet and circadian rhythms have not been adjusted, and there are relatively few related
index parameters. Lastly, the internal mechanisms, such as the central nervous system
and the gratitude system, and their interactions with the skeletal muscle system have
not been explored. Therefore, future research should incorporate neuroimaging
techniques (such as fMRI or EEG) or other neurophysiological methods to further
elucidate how Yijin Jing and Tai Chi enhance the balance and motor function of the
elderly through neuromodulation. Additionally, it is essential to increase the sample
size and broaden the age range to explore the intervention effects across different
populations (such as elderly women) and assess the sustainability of the intervention.
Moreover, other parameters (such as step width, double support time, and exercise
intensity) should be fully considered, along with personalized exercise intervention
plans and prevention strategies to enrich future research. Finally, comparisons with
other sports program interventions should be made, and an influence factor model
should be constructed to clarify the optimization of intervention effects and promote
the physical health of the elderly.

5. Conclusions

This research investigates the effects of Yi Jin Jing and Tai Chi on the lower limb
joint muscle groups, gait characteristics, and fall risk among elderly men from a
biomechanical perspective. The results indicate that while both Yi Jin Jing and Tai Chi
interventions yield significant benefits, the effects of Yi Jin Jing are superior to those
of Tai Chi. Specifically, Yi Jin Jing significantly enhances the strength and endurance
of the hip, knee, and ankle muscle groups in elderly men, along with improvements in
control ability, coordination, flexibility, toe grip, and overall motor function. These
enhancements lead to significant improvements in walking and dynamic balance,
thereby reducing fall risk. This finding holds substantial clinical implications within
the domains of sports science and healthcare. On one hand, leveraging the unique
advantages of Yi Jin Jing allows for the formulation of personalized exercise plans
tailored to the elderly. For individuals with varying physical conditions and exercise
goals, progressive Yi Jin Jing training courses can be designed to facilitate scientific
exercise. On the other hand, Yi Jin Jing can serve as a pivotal method for disease
prevention and health management. Medical institutions should advocate for the
practice of Yi Jin Jing among the elderly and incorporate it into health record
management. Additionally, for elderly individuals with chronic diseases or physical
dysfunction, Yi Jin Jing can be utilized as an adjunct in rehabilitation treatment. This
approach not only enhances rehabilitation outcomes but also considers physical
functions and psychological factors, such as stress management and chronic disease
monitoring, thereby fully reflecting the positive impact of Yi Jin Jing on the physical
and mental health of the elderly and enabling a broader demographic to benefit.
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