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Abstract: Objective: To study the influence of Latin dance and Tai Chi on knee joint proprioception
and balance. Method: All experiments were performed in the Beijing Normal University School of
Physical Education and Sport Biomechanics Laboratory. An isokinetic test system (Biodex system
4, BS4) and a balance testing system (Biodex Balance System, BBS)from the United States Biodex
medical system were used to test related indexes. Results: In the LOS test, the overall score of Latin
group is much better than sedentary group. In the ASL test, Latin group have a better balance ability
in anterior and posterior direction and overall score than sedentary group(p<<0.05); TAI CHI group
have a better balance ability than sedentary group in anterior and posterior direction(p<<0.05)and
right and left direction (p<<0.01). When the knee joint was at 15, 30, and 45degree positions, the Tai
Chi exercise group was much better than sedentary group (P < 0.05), and the 45 degree position in
the Tai Chi group was much better than that in the Latin dance group (P <0.01).When the knee joint
was at the 30 degree position, the quadriceps force sense was significantly better in the Tai Chi
group than in the Latin dance and sedentary groups. In a test of the four angles, the hamstring force
sense in the Tai Chi exercise group was obviously better than that in the sedentary group (P < 0.05);
at the 15 degree position, the Tai Chi group was significantly better than the Latin group (P < 0.05);
and at 30 degree position, the hamstring force sense of the Latin group was obviously better than
that of the sedentary group (P < 0.05).
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1. Introduction

Latin dance, which originated in group dance events in Latin America, includes the rumba,
samba, Cha Cha Cha, bullfighting dances and cowboy dances!'l. Latin dance steps are flexible and
changeable. With the rhythm of music, the dancer must show their beauty of posture through speed,
strength and flexibility?l. When performing, the dancers must have good posture control and balance
to complete technical actions of different difficulties to obtain a more beautiful posture and
performancel34. When practicing Tai Chi, practitioners must make repeated body shifts, rotate and
alternate single foot support. All of these actions require precise joint control, muscle coordination,
and good body balancel®. These two different forms of exercise can improve body balance, and
proprioception capability!®l. Balance, as an essential function in human daily life and sports activities,
can be defined as central nervous system input from proprioceptive, vestibular, and visual afferent
nerve signals, with analysis of signal integration. Human body posture is controlled by motor
neurons that regulate muscle activity”sl. Proprioception in the central nervous system accept
mechanical nerve impulses from joints, ligaments, tendons, joint capsules, muscles, and skin
receptors to eventually lead to corresponding reflex and motion controll®l. Balance ability testing
includes many components, such as static postural stability (postural stability, PS), dynamic posture
stability limits (limits of stability, LOS), and dynamic fall risk (dynamic fall index, DFI).
Proprioception testing methods mainly include motion perception, position perception, and force
sense tests>11l. Studies of TaiChi proprioception have focused mainly on older people and on ankle
or knee proprioception. In this paper, the influence of two types of training methods on
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proprioception and balance were analysed using an An isokinetic muscle testing system and A
balance testing system.

2. Subjects and Methods

2.1. Subjects

All subjects were from Beijing Normal University. For the Latin group, 11 Subjects were
recruited, and they all practiced at least 1 time a week and had an average training period of 5.06 +
2.35 years. Tai Chi group included 8 girls who had Tai Chi class 2 times a week for 90 minutes each
session and at least 18 weeks of exercise time. A sedentary group of 8 girls was included. All subjects
voluntarily participated in this experiment, were in good health, and had no disease or knee injuries.
Basic information about the subjects is shown in Table 1.

Tablel. basic information for subjects in the Latin, tai chi and control groups

Group  Num(subjects) Age (years) Height (cm)  Weight (Kg)

TaiChi 8 20.50+1.41 160.63+5.63 50.00+5.37
Latin 11 22.64+3.56 166.00£5.42 57.55+6.65
Sedentary 8 22.33+1.41 162.67+4.62 50.00+6.21

2.2. Methods

An isokinetic muscle testing system (Biodex System 4, BS4) and A balance testing system (Biodex
Balance System, BBS; Biodex Medical Systems, USA) were used for measurement.The BS4 system test
include passive position sense(PS) and force sense (FS).

2.2.1. BBS test

The BBS system includes an angle sensor and foot position detection platform, for Athlete Single
Leg (ASL) test and Limits of Stability (LOS) test. Before the actual test, subjects stand on the platform,
to become familiar with the testing process. ASL test: The test platform was set at static level, with
the subject using the right leg to support, placing hands naturally on the sides, and moving the right
foot to the center on the screen before subject. The subject was instructed to maintain, with eyes
closed, the centre of gravity, for a test time of 20 s. The lower the score, the better the ability to control
posture. LOS test: With the horizontal platform set at static level, the subjects stood with both feet on
the platform; when the body centre of gravity and bulls eye coincided, the foot position and angle
were recorded. With the directions displayed at random, the subjects were asked to complete the
directional tasks displayed on a screen as quickly as possible. A total of 3 tests were performed, at
intervals of 5 s, with the third test used for results. The test results were used to determine a total
score (LOS-Overall) and test completion time (LOS-Time). The higher the total score and shorter the
completion time, the better the ability of the subjects to transfer the centre of gravity!('2l.

2.2.2. BS4 test

With subjects seated on the Biodex device, and the angle between the back and seat maintained
at 90 degrees, the right leg was fixed on the power arm, and the thigh was attached to the seat. Before
starting the actual test, the subjects perform warm-up exercises in passive isokinetic mode at a knee
angular velocity of 60 degree/s, 30 times.

PS test: The knee joint of the subjects was passively set to 15, 30, and 45 degrees from 90
degrees(definition: the knee flexion position was 90 degrees, and extension was 0 degrees.). The knee
joint was held for 5 s to allow the participants to feel the position of the knee joint in the relaxed state.
When subjects were passive to the 30, 45 and 60 degree positions and pressed a button, The dynamic
head brought the knee of the subjects from flexion to extension. Repeated tests were carried out 3
times at each angle, and the angular velocity of the passive motion was 5 degrees/s. The absolute
errors between the target value and the test value were the test valuesl’®l. FS test: The torso and
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dominant thigh were fixed to the test chair to remove the compensation from other limbs with the
centre of knee rotation and the dynamometer on a straight line. Test patterns for the isometric
strength test and the maximum voluntary isometric contraction (Maximal voluntary isometric
contraction, MVIC) were tested at the 15, 30, and 45 degrees positions. Maximum isometric
Quadriceps and Hamstring muscle strength were tested in each knee joint angle with a test time of 5
s, and the tests were repeated 3 times, with rest periods of 5 s between each test and with 300 s of rest
between test sets. The coefficient of variation (coefficient of variance, CV) required control less than
15%. After 30 minutes of rest, using 50% MVIC as the target force value, the strength of the knee joint
was tested using visual feedback of the target force on the computer screen. Subjects were asked to
close their eyes and use the quadriceps/hamstrings of their knee joint to reproduce the target force
value, and the measured value was recorded. The peak torque (PT) of the quadriceps/hamstrings, the
antagonistic ratio (Q/H) and absolute error between the difference force target values and the
measured forces were recorded. The test was performed twicel’3l.

2.2.3. Statistical methods

SPSS 13.0 statistical software was used for analysis of the test parameters, an independent
sample T test were conducted between groups. All test indexes were expressed as mean+tstandard
deviation; P < 0.05 indicates that the difference is statistically significant.

3. Result

3.1. The result of Athlete Single Leg (ASL) test and Limits of Stability (LOS) test

As shown in the Table 2 and Figure 1, in the LOS test, the overall score of Latin group is much
better than sedentary group. In the ASL test, Latin group have a better balance ability in anterior and
posterior direction and overall score than sedentary group(p<<0.05); TAI CHI group have a better
balance ability than sedentary group in anterior and posterior direction(p<<0.05)and right and left

direction (p<<0.01).
Table2. Result for LOS test
Time(s) Overall(points)
Tai Chi 36.50+5.90 40.94+9.78
Latin 35.00+5.20 46.89+7.03
Sedentary 43.00+13.67 38.25+8.35#

Note: # indicates a significant difference between the Latin dance and sedentary groups (P < 0.05).
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Figure 1. Result for ASL test
Note: * indicates the Tai Chi group had a significant difference from the Latin group and sedentary control group (P < 0.05), *
* means that the Tai Chi group had a very significant difference from the Latin group and sedentary control group(P <0.01), #

indicates a significant difference between the Latin dance and sedentary groups (P <0.05) (the same below) .

3.2. Analysis of knee position sense
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As shown in Table 3, when the knee was located at 45°, the absolute position angle was lower
for the Tai Chi group than for the Latin dance group, and at the 15° position, the results for the Tai
Chi group were significantly lower than those of the control group (P < 0.01). At 30° and 45°, the Tai
Chi group results were significantly lower than the control group results (P < 0.05). Comparing the
position of sleep between the Latin group and control group, there was no significant difference.

Table 3. Comparative analysis of different joint angles in the Latin, Tai Chi and Sedentary groups

Different joint angles (degree)

Group 15° 30° 45°

Tai Chi 1.96+0.74 2.55:1.65 2.06+1.07
Latin 2.83+1.64 3.182.02 4.06+1.64*
Sedentary 3.78+1.49% 4.53+1.74* 3.72+1.85*

3.3. Quadriceps force sense

As shown in Table 4, when the knee was at the 30-degree position, the value of quadriceps force
sense in the Tai Chi Group was significantly lower than that in the Latin dance(P <0.05) and sedentary
groups (P <0.01). There was no significant difference in the force sense of the three groups when the
knee joint positions were 15 and 45 degrees.

Table 4. Comparative analysis of different joint angles in the Latin dance group, Tai Chi group and
sedentary group

Different joint angles (degree)

Group
15° 30° 45°

Tai Chi 2.66+1.68 1.75+0.81 2.63+2.71
Latin 2.60£1.77 4.04+1.98*  3.79+£2.75

Sedentary = 2.65+1.04 4.88+1.57**  4.46+2.56

3.4. Hamstrings force sense

As shown in Table 5, there were significant differences between the Tai Chi and sedentary
group sat 15, 30, and 45 degrees (P<0.05). There were significant differences between the Tai Chi and
Latin groups (P<0.05) at 30 and degrees as well as significant differences between the Latin dance and
sedentary groups. When the knee was at the 30-degree flexion position, the extensor strength absolute
sense value of the Tai Chi Group was significantly lower than those of the Latin dance(P < 0.05) and
control groups (P <0.01). There was no significant difference in the absolute value of the three groups
at the 15-degree position.

Table 5. Comparative analysis of different joint angles in the Latin dance, Tai Chi and sedentary

groups
Different joint angles (degree)
Group
15° 30° 45°
Tai Chi 1.14+0.89  2.31#1.71 1.64+0.97
Latin 2.25+1.35%  2.48+1.77 2.10+1.09

Sedentary  2.60+1.14* 5.58+4.08*#  3.00+1.24*

Note: * indicates the Tai Chi group had a significant difference from the Latin group and sedentary control group (P < 0.05), *
* means that the Tai Chi group had a very significant difference from the Latin group and sedentary control group(P <0.01), #

indicates a significant difference between the Latin dance and sedentary groups (P <0.05).

4. Discussion

Comparing balance ability among Latin, TAI CHI and sedentary group, the score of Latin group
was obviously higher than sedentary group, which explained that Latin dance can better improve the
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speed of shifting weight, and posture control in anterior and posterior direction. TAI CHI exercise
can improve posture control in anterior/posterior and left/right direction. After comparing passive
position sense and force sense among the Tai Chi, Latin and sedentary groups, we found that there
were significant differences in passive position sense between the Tai Chi and sedentary groups.

The role of proprioceptors differs at different angles of the knee joints. In this study, when the
knee joint is at 15 degrees, the Tai Chi Group passive position sense and hamstring force sense were
significantly better than the sedentary group. At the same time, the Tai Chi group force sense was
significantly better compared to the Latin dance group. This outcome shows that the practice of Tai
Chi can, to a certain extent, better prevent injury in sports and falls in the elderly. Along with changes
in the angle of the joint, the degree of relaxation of the knee joint around the ligament and medial
ligament is different. Knee anterior cruciate ligament proprioception between 30 and 40 degree
position played a major role. At the 30 degree position, the Tai Chi group passive position sense and
force sense were significantly better than those of the sedentary group. At the same time, position
sense was significantly better in the Tai Chi group compared to the Latin dance group. Additionally,
the Latin flexor was significantly better in the no exercise group.

In the middle position of the knee joint movement at 45 degrees, the Tai Chi Group passive
position sense was significantly better compared to the Latin dance and sedentary groups. The
hamstring force sense of the Tai Chi group sense was also significantly better than that of the
sedentary group. At the 60 degree position, there was no significant difference in passive position
between the three groups, but the quadriceps and hamstring force sense for the Tai Chi group were
significantly better than those of the Latin dance and sedentary groups. The hamstring force sense of
the Tai Chi group was significantly better than that of the sedentary group, and the Latin dance group
was much better than the no exercise group.

From the above analysis, we know that the influence of Tai Chi exercise on position sense is
mainly reflected at the 15, 30 and 45 degree positions and that the main role of the muscle spindle
angle occurs at 45 degrees. Latin dance practice affected only the force sense of the hamstring. Tai
Chi exercise can improve proprioceptive ability in different aspects, improve the overall control of
the knee joint and ultimately improve body balance. Latin dance exercises can improve body balance
by improving the proprioception of force sense.

5. Conclusion

(1) In the LOS test, the overall score of Latin group is much better than sedentary group. In the
ASL test, Latin group have a better balance ability in anterior and posterior direction and overall
score than sedentary group(p<<0.05); TAI CHI group have a better balance ability than sedentary
group in anterior and posterior direction(p <<0.05)and right and left direction (p<<0.01).

(2) When the knee joint was at 15, 30, and 45 degree positions , Tai Chi exercise was much better
than the control group (P < 0.05). At the 45 degree position, the results for the Tai Chi group were
much better than those for the Latin dance group (P <0.01).

(3) When the knee joint was at the 30 degree positions, the quadriceps force sense was
significantly better in the Tai Chi group than in the Latin dance and sedentary control groups.

(4) In the test of four angles, the hamstring force sense in the Tai Chi exercise group was
obviously better than the control group (P < 0.05). At the 15 degree position, the results were
significantly better compared to the Latin group (P < 0.05). Finally, at 30 degree, the hamstring force
sense of the Latin dance group was obviously better than that of the control group (P <0.05).
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