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Abstract 

Objective: To study the correlation between dynamic balance ability and lower limb muscle strength of university 
students.  

Methods: 50 students of Zunyi Medical University (23 boys and 27 girls) were selected as the subjects. The dynamic 
balance ability of university students was tested by the YBT test system. Isokinetic muscle strength tester tests knee 
flexion and extension muscle strength under different angular velocity conditions.  

Results: 1) At different angular velocities, there was a moderate positive correlation between knee flexion and 
extension muscle strength and YBT reaching all directions. Only when the angular velocity was set to 200° / s, there was 
a low positive correlation between knee flexion muscle strength and the front side of the YBT test. 2) There is a more 
significant correlation between the maximum distance of each direction of dynamic balance and the peak torque of knee 
extensor than that of flexor.  

Research conclusions: For university students, there is a significant indigenous correlation between the directions of 
YBT arrival, and the correlation between the posterolateral and the posterolateral is stronger. The stronger the lower 
limb muscle strength is, the better the dynamic balance ability is, and the correlation between dynamic ability and knee 
extensor muscle strength is higher, which may be related to the fact that knee flexion control balance can more 
effectively activate knee extensor muscle group. University students generally have bilateral asymmetry of the lower 
limbs. 
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1. Introduction

As the most important component of the human body for spatial mobility, the lower extremity is the basic condition for 
maintaining the body's standing and walking movements, and muscle strength is an important factor affecting balance. 
The lower extremity YBT (Y-balance test) is an injury risk screening tool that can be used to identify deficits in 
neuromuscular control and balance as well as core stability, and has a high reliability in assessing the dynamic balance 
of subjects [1].The YBT consists of 3 different distal reach directions (anterolateral, posteromedial and posterolateral) 
and is used to assess dynamic balance. In the YBT test, when the difference between the two sides of the forward reach 
distance is ≥ 4 cm, it indicates that the subject will be at a significantly increased risk of potential injury[2]. Isometric 
muscle strength tester (Iso Med 2000) has become an effective muscle training and testing instrument because of its 
safety and effectiveness, and its test index has high reliability and repeatability[3-4]. At present, the main research 
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direction for the relationship between muscle strength and balance mainly focuses on the relationship between the 
support side and the muscle strength of each lower limb joint in athletes, patients with injuries and ordinary people, 
and the most tested joint is the knee joint, and there is less research on the relationship between unilateral knee muscle 
strength and bilateral dynamic balance. In this experiment, the relationship between dynamic balance ability and knee 
flexion and extension muscle strength at different angular velocities was analyzed by conducting lower limb YBT and 
isometric muscle strength tests on 50 students in Zunyi Medical University to understand the relationship between 
dynamic balance ability and muscle strength of college students, and to provide scientific and reasonable theoretical 
basis for the development of sports training programs and prevention of sports injuries. 

2. Research object and method 

2.1. Object 

Fifty students (23 male and 27 female) from Zunyi Medical University were selected as the experimental subjects. The 
average age of male students was 19.67±0.86 years old, and the average BMI was 22.4±3.56 kg/m2, while the average 
age of female students was 19.04±1.26 years old, and the average BMI was 21.66±2.95 kg/m2.  

2.1.1. Inclusion criteria 

 Age: 17-22 years old 
 No serious muscle injury within six months (injury recovery time <10 days [5]); No history of genetic disease 

and good physical condition 
 No strenuous exercise 24 hours before the test, no muscle fatigue or discomfort 
 Active cooperation with the experiment and voluntary participation in the experiment 

2.1.2. Exclusion criteria 

 Serious muscle injury within six months (injury recovery time ≥ 10 days) 
 History of genetic disease 
 Irregularities in sleep, diet and other life 
 Strenuous exercise 24 hours before the test, muscle fatigue and discomfort 
 Not actively cooperate with the conduct of the experiment 

2.2. Research Methodology 

2.2.1. Data Acquisition 

Dynamic balance ability related data collection 

The YBT test system was used to test the anterolateral, medial posterior, and posterolateral reach distances of the 
subject's lower limbs. The lower extremity YBT test, as a valid method to assess the dynamic balance of the human body 
[6], mainly assesses the stability of the body posture of the contralateral limb when doing distal extension movements 
in different directions with unilateral support [7].Test procedure:  

 Test lower limb length: lying on the back (feet shoulder-width apart), pelvis in neutral position, lower limbs 
straight, hip in neutral position, measure the distance from the anterior superior iliac spine to the lower edge 
of the medial ankle of the right lower limb;  

 the subject stands with shoes off and the left thumb aligned directly in front behind the point of the center 
transverse line, hands cannot support objects;  

 the right leg extends forward as far as it can 3 times to take the maximum value, then switch to the left leg and 
repeat 3 times;  

 The right leg reached backward inward as far as it could 3 times, taking the maximum value, and then change 
to the left leg and repeat 3 times;  

 The right leg reached backward outward as far as it could 3 times, taking the maximum value; then change to 
the left leg and repeat 3 times [8] . The indexes collected were: the maximum values of the anterior, medial and 
lateral posterior maxima of the left and right limbs, and the maximum difference between the left and right 
limbs in each direction. The whole test was supervised by two testers to complete the assessment recording. 
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Knee joint muscle strength acquisition 

The Iso Med 2000 isokinetic test apparatus was used to test the subject's knee joint. The test procedure: (1) The subject 
sits on the test seat and holds the handle next to the seat, adjusting the seat backrest at 80°; (2) The pelvis and thigh of 
the tested leg are fixed with a fixation strap, the shoulder joint is fixed with a shoulder pad, and the axis of rotation of 
the instrument is aligned with the axis of rotation of the knee joint (lateral epicondyle of the femur). The arm of the 
instrument lever is fixed at the distal end of the tibia and the tibial pad is placed in the lower 1/3 of the calf; (3) Before 
measuring the right leg, the individual seat settings are stored in PC memory and the test is automatically activated 
during measurement of the left leg and subsequent tests[9]. In this experiment, static gravity correction was applied, 
and the range of motion was set to 10-90°of knee flexion (0°for full extension). 60°/s and 200°/s angular velocities were 
selected for the test, and flexion and extension movements at each angular velocity were tested five times with an 
interval of 30 s each, in the order of low to high speed, and all assessment tests were performed on the right lower 
extremity, using standardized indexes uniformly. The indexes collected were 60°/s and 200°/s peak flexion and 
extension moments (peak torque, PT) of the knee joint. The test was performed by two fixed individuals to ensure the 
accuracy of the test.  

2.2.2. Mathematical and statistical methods 

SPSS 26.0 software was used for statistical analysis, and the test data were tested for differences, and the results were 
expressed in the form of x 土 s. One-way ANOVA was used for multiple group comparisons; Pearson correlation data 
were used to analyze the correlation between the test indicators, and correlation coefficients r in the range of 0.00 to 
0.30 were low correlations, 0.31 to 0.49 were moderate correlations, 0.50 to 0.69 were high correlation, 0.70 to 0.89 
very high correlation, and 0.90 to 1.00 approximate linear correlation [10], with a significance level of P < 0.05. 

3. Study results 

3.1. Dynamic balance ability test results 

As shown in Table 1, the YBT test of the lower extremities of college students showed that the closest arrival distance 
of the left and right extremities was anterior, and the farthest arrival distance was posterior-lateral, and there were 
significant differences between the farthest arrival distances in each direction. 

Table 1 Comparison of test results between the left and right lower limb YBT directions and the difference in maximum 
anterolateral reach distance 

 Front side（cm） Rear inner side（cm） Rear outer side（cm） p 

Left lower extremity 60.12±7.57ab 90.7±10.90c 98.6±11.53 0.00 

Right lower extremity 61.06±7.45ab 91.6±10.80c 99.7±10.04 0.00 

Note: ( a anterolateral-posterior medial p<0.05, b anterolateral-posterior lateral p<0.05, c posterior medial-posterior lateral p<0.05, p<0.05 with 
significant difference) 

As can be seen from Table 2: when the left side was supported, the test side showed a very high positive correlation 
between posterior medial-posterior lateral (p<0.01), a moderate positive correlation between both anterior medial-
posterior and anterior lateral-posterior lateral (p<0.01); when the right side was supported, the test side showed a very 
high positive correlation between posterior medial-posterior lateral (p<0.01), a high positive correlation between 
anterior medial-posterior lateral (p<0.01) and moderate positive correlation between anterolateral-posterior lateral 
(p<0.01). 

Table 2 Relationship between the maximum arrival distances on the front side, inside and outside of the rear of the YBT 

Support side 
Anterolateral - 
posterior medial 

Anterolateral - 
Posterolateral 

Posterior medial - 
posterior lateral 

Left side 0.49** 0.38** 0.86** 

Right side 0.52** 0.37** 0.85** 

Note: (* represents with significant difference ** represents with very significant difference Correlation coefficient r in 0.00 to 0.30 is low 
correlation, 0.31 to 0.49 is moderate correlation, 0.50 to 0.69 is high correlation, 0.70 to 0.89 is very high correlation, 0.59 to 1.00 is approximate 

linear correlation) 
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From Table 3, the number of subjects reaching out the maximum distance difference >4cm, it can be seen that the 
number of boys testing anterolateral difference >4cm was 7 and the number of girls testing anterolateral difference 
>4cm was 10. 

Table 3 Number of men and women with the maximum distance difference between left and right lateral protrusion 
>4cm (number) 

 men women 

Maximum distance of extension>4cm 7 10 

Knee muscle strength test results 

As can be seen from Table 4: the knee extensor muscle strength was significantly greater than the flexor muscle strength 
at different speeds (p<0.05) 

Table 4 Comparison of peak moments of knee flexors and extensors tested at different angular velocities 

Angular velocity（°/s） Flexor（Nm） Extensor（Nm） p 

60 98.87±30.09a 128.00±39.39 0.00 

200 96.86±31.90a 104.80±41.36 0.02 

Note:(a indicates p<0.05, significant difference between flexion and extension muscle strength) 

3.2. Results between dynamic balance ability and isometric knee flexion and extension muscle strength 

From Table 5, it can be seen that: when the isometric test apparatus was set at an angular speed of 60°/s and the YBT 
test was supported on the right side, the knee flexor and extensor muscle strength were moderately positively 
correlated with each index of the anterior, posterior medial and posterior lateral YBT test (p<0.01); when the angular 
speed was 200°/s, the knee flexor and extensor muscle strength were moderately positively correlated with each index 
of the anterior and posterior lateral YBT, and between the flexor and posterior medial YBT (p<0.01); when the angular 
speed was 200°/s, the knee flexor and extensor muscle strength were The positive correlation was moderate (p<0.05); 
the positive correlation between flexor muscle and YBT posterior medial test indexes was low (p>0.05), based on the 
above, it can be seen that there is a positive correlation between dynamic balance ability and lower limb muscle strength 
in college students, and there is a more significant correlation between YBT test anterior and posterior lateral and 
muscle strength than between posterior medial and muscle strength (p<0.05). 

Table 5 Correlation between YBT right-sided support left lower limb test and muscle strength results 

 Front side Rear inner side Rear outer side 

60°/s 
Flexor 0.27 0.38** 0.47** 

Extensor 0.43** 0.41** 0.49** 

200°/s 
Flexor 0.37** 0.24 0.33* 

Extensor 0.46** 0.34* 0.41** 

Note: (* indicates a correlation between p<0.05 YBT and muscle strength test ** indicates a correlation between YBT test and muscle strength test 
at p<0.01 level) 

As shown in Table 6, when the angular velocity was set at 60°/s and the YBT was supported on the left side, there was 
a moderate positive correlation (p<0.01) between the knee flexor and extensor muscle strength and the posterior 
medial and posterior lateral indices of the YBT, and between the extensor and anterior indices of the YBT, and a low 
positive correlation (p>0.05) between the flexor and anterior indices of the YBT; when the angular velocity was 200°/s, 
there was a moderate positive correlation (p<0.05) between the knee flexor and extensor muscle strength and the 
anterior and posterior medial indices of the YBT. Extensor muscle strength showed a moderate positive correlation 
(p<0.05) with each of the YBT anterolateral and posterior lateral indicators and between extensor and posterior medial 
indicators, and a low positive correlation (p>0.05) between flexor and YBT anterolateral indicators. As shown in Table 
5 Table 6, there was a positive correlation between the YBT test indexes and the extensor muscle strength at each 
angular velocity (p<0.05). 
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Table 6 Correlation between YBT left-sided support right lower limb test and muscle strength results 

  Front side Rear inner side Rear outer side 

60°/s 
Flexor 0.33* 0.33* 0.48** 

Extensor 0.48** 0.39** 0.48** 

200°/s 
Flexor 0.38** 0.23 0.31* 

Extensor 0.49** 0.33* 0.46** 

Note: (* indicates a correlation between p<0.05 YBT and muscle strength test ** indicates a correlation between YBT test and muscle strength test 
at p<0.01 level) 

4. Analysis and Discussion 

4.1. Dynamic balance capability analysis 

The YBT test has high requirements on the subject's lower limb balance, flexibility, movement stability and core 
stability, etc. The farther the tested side reaches, the better the subject's balance ability. It was also found that if the 
difference between the left and right side of the YBT test forward reach distance was greater than 4 cm, the risk of injury 
would increase to 2.5 times[8].The results of this test showed that the anterior reach distance was the closest, which 
may be related to the use of a greater degree of hip flexion, and some studies have shown that the anterior extension 
support side requires the most closed chain ankle dorsiflexion due to [11-12], which may also be related to the lack of 
quadriceps muscle strength, and the distance of anterior extension is also related to the strength of the hip abductors, 
with the gluteus medius playing a major role[13]; Knee extensors and hip abductors explained the anterior and 
posterior medial reach distances, while hip extensors explained the posterior medial and posterior lateral reach 
distances[14] , and the highest degree of correlation between posterior medial-posterior lateral in the YBT test can be 
seen from the experiment, which may be related to the similar degree of knee flexion angles of the mobilized hip and 
support leg; 17 of 50 subjects (7 males and 10 females) The asymmetry between the left and right limbs (the difference 
between the left and right limbs reaching the maximum value ≥ 4 cm) may be due to the unbalanced strength of the 
knee flexion and extension muscles, which cannot complete the whole process of knee flexion and extension better, or 
it may be related to the different utilization rates of the left and right limbs during daily production work and training, 
which in turn manifests as poor overall lower limb muscle strength and The lack of dynamic balance increases the risk 
of sports injuries. This reminds us of the importance of exercise to avoid changes in the body shape of university 
students and to reduce the occurrence of asymmetries [15]. When playing unilateral limb sports (e.g., badminton, tennis, 
etc.), the strengthening exercises for the non-dominant limb should be strengthened, so that the muscle strength 
difference between the dominant and non-dominant limbs can be stabilized within the normal range through the 
balanced development of both limbs to improve their sports performance and reduce the incidence of sports injury risk. 

4.2. Analysis of isometric knee flexion and extension muscle strength in college students 

The isokinetic tester can test the muscle strength of many kinds of joints. The main reason for choosing the knee joint 
as the strength test in this experiment is that the knee joint is the most complex of all joints in the human body, and the 
increase of muscle strength of its surrounding muscle groups can effectively reduce joint injury and prevent the 
occurrence of injury [16], and the knee joint is one of the main joints involved in the assessment of dynamic balance 
ability, while its surrounding The knee joint is one of the main joints involved in dynamic balance assessment, and its 
surrounding muscle groups are also an important guarantee to maintain the balance of the knee joint, so the knee joint 
was selected as the index of lower limb muscle function. By testing the knee flexor and extensor muscle strength in 
college students, it was found that knee extensor muscle strength was significantly greater than flexor muscle strength, 
which is consistent with previous studies [17]. Studies have shown that angular velocities higher than 120°/s may 
increase the error between tests [18], which suggests that human movement is more effective in recruiting muscles at 
low speeds; studies have confirmed that extensor muscle strength of the knee joint has a very significant role in 
stabilizing the athlete's landing and has the highest contribution to ensuring the stability of the center of gravity [19], 
so it is recommended that while focusing on the good development of extensor muscle strength of the lower limbs, it is 
also important to Therefore, it is recommended that the development of the knee flexor muscles should be strengthened 
along with the development of the lower extremity extensor muscles, so that they can better participate in sports 
through a comprehensive and balanced development, which will improve the performance and quality of sports, and 
thus prolong the "life span" of sports. In training, it is important not only to improve the centripetal force of the non-
dominant anterior femoral group, but also to improve the centrifugal force of the non-dominant posterior femoral 
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group, so that the anterior quadriceps can give full play to its acceleration role, improve the quality of movement, and 
also prevent knee injuries [20]. 

4.3. Correlation analysis between dynamic balance ability and isometric knee flexion and extension muscle 
strength 

The peak moment, as one of the most commonly used indexes in isometric muscle strength testing, can represent the 
maximum muscle force during joint flexion and extension muscle contraction, and also the different angles of joint 
movement are different for the degree of muscle recruitment, knee flexion and extension muscle contraction is mainly 
done by the quadriceps and posterior femoral group muscles, the main function of the extensor muscle is jumping 
movement, and the main function of the flexor muscle is the deceleration of the lower limb, as well as the domination 
of knee extension The main function of the flexors is the deceleration of the lower limb and the dominance of the knee 
extension to maintain its stability [21]. It has been suggested that there is a strong link between motor performance and 
muscle morphology [22], and when the right side is the supporting side, the anterior, posterior medial, and posterior 
lateral YBT movement tests are performed, the quadriceps muscle is mainly stimulated to fire to maintain body balance, 
while corresponding to the knee extensor muscle group in the isometric test. When the left side is the support side and 
the right side is forward, it also mainly stimulates the extensor muscle group of the right leg. From the results, it can be 
seen that there is a moderate positive correlation between the test index of each direction of YBT and the knee extensor 
muscle strength at different angular velocities. In addition, it is not only the motor system that works during exercise, 
but also the nervous system is one of the important "participants". The control of balance is a complex, multisystemic 
mechanism that requires the joint participation of the sensory and motor systems" [23]. Through the muscle system to 
maintain the basic form of the body and provide the power of movement, through the sensory system to control the 
balance of the body, and for proprioceptive training can effectively improve people's dynamic balance [24]. In our usual 
sports, dynamic balance ability and muscle strength are closely related, and good balance perception and muscle 
strength can enable people to have better performance and achieve better results in sports. This study confirms that 
there is a significant positive correlation between dynamic balance ability and lower limb muscle strength in college 
students, which indicates that the development of muscle strength should not be neglected while increasing the 
development of balance ability through the training of vestibular stability to adapt to the sports involved through 
coordinated development of each other, and the motor and nervous systems of the body should be fully activated before 
performing sports to reduce the risk of sports injury. At the same time, the coordinated development of balance and 
muscle strength training should be emphasized to enable better athletic performance in sports.  

5. Conclusion 

 There was a significant correlation between dynamic balance ability and lower extremity muscle strength in 
college students, with a low correlation between posterior medial and angular velocity of 200°/s flexor 
maximum muscle strength only when supported on the right side. 

 There was a more significant correlation between the peak knee extensor muscle moment and the distance 
reached in each direction of dynamic balance than the peak flexor muscle moment, which may be related to the 
fact that knee flexor control balance activates the knee extensor muscle group more effectively. 
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