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Abstract: Objectives: For this paper, we aimed to investigate the effects of Tai Chi Chuan (TCC) versus
the Core Stability Training (CST) program on neuromuscular function (NF) in the lower extremities
among aging individuals who suffered from non-specific chronic lower back pain (NLBP). Regarding
the design, during a 12-week intervention, a single-blinded randomized controlled trial was used to
compare two intervention groups with a control group on the parameters of NF. Methods: Forty-three
Chinese community-dwellers were randomly assigned into two intervention groups (three sessions
per week, with each session lasting 60 min in TCC and CST) and a control group. The patient-based
Visual Analogue Scale (VAS) was used to measure the level of perceived pain, while parameters of
NF as primary outcomes were measured by the Biodex System 3 Isokinetic Dynamometer. Results:
For the knee joint, we observed significant differences in the endurance of left extension at a speed of
60◦ /s: (1) between TCC and control groups (p < 0.01); (2) between CST and control groups (p < 0.01).
For the ankle joint, significant differences between CST and control groups were observed on the
peak torque of left dorsiflexion (p < 0.05) and the endurance of the left plantar flexion at a speed of
60◦ /s (p < 0.05). In addition, we observed a significant difference between TCC and control groups
in the endurance of the right plantar flexion (p < 0.05). Conclusions: Chen-style TCC and CST were
found to have protective effects on NF in aging individuals with NLBP, while alleviating non-specific
chronic pain.
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1. Introduction
Lower back pain is a common musculoskeletal injury, which can be caused by overload/incorrect
movement patterns at work, during exercise or other accidents [1]. According to the National Institute
of Health, roughly 80% of adults experience lower back pain in their lifetime [2]. Data from the 2015
National Health Interview Survey has indicated that the annual average population with lower back
pain was over 140 million [3]. More than 60 million adults over 45 years old currently have or have
had, severe lower back pain [3]. Non-specific lower back pain is a type of back pain where the cause
cannot be specifically determined, such as tumors, spine fractures or infections [4]. Non-severe lower
back pain that is acute or sub-acute normally lasts from a couple of days to weeks and can be recovered
from with proper rest and care [4]. However, pain that lasts longer than 12 weeks is categorized as
chronic and around 20% of patients have acute back pain which develops into chronic back pain [4].
Neuromuscular function plays a critical role in performing everyday activities, as well as
participating in physical activity or exercise programs to maintain well-being [5]. However, studies
have found that non-specific chronic lower back pain (NLBP) can affect patients’ neuromuscular
functioning [6,7]. These functional impairments were associated with reduced walking performance,
as indicated by slower walking speed, jerky and awkward movement patterns and reduced
coordination [8]. In addition, individuals with NLBP were found to experience social difficulties
and had an avoidance of work, ultimately influencing their quality of life [9]. Whether or not they
chose to seek treatment for NLBP varied according to the patient’s age, gender, willingness and several
other related factors. Forms of treatment also varied from home-based self-care, to physical therapy, to
surgery [9]. NLBP can cause socioeconomic burdens, not only to patients who are suffering from it but
also to the medical system of the society that they are in [10]. Therefore, an ideal intervention strategy
that is readily accessible, self-administered and cost-efficient is urgently needed.
A recently published review paper on NLBP demonstrated that exercise may have neuromuscular
protective effects, which may help to help broaden our understanding of methods to relieve lower back
pain among this vulnerable population [11]. Among these studies, core stabilization training (CST)
is becoming increasingly popular as a form of treatment for individuals with NLBP [12]. A recent
meta-analysis paper by Wang et al. [12] indicated that this type of specifically designed training program
is an efficient way to help reduce pain and disability, as well as to improve physical functioning.
Furthermore, individuals with NLBP who practiced Pilates, a type of core stability exercise, were
reported to have reduced pain and improved physical function, ultimately leading to better quality
of life [13,14]. Another core stability exercise intervention study using a Swiss ball demonstrated that
perceived disability decreased in this population, with improved neuromuscular function [15].
Tai Chi Chuan (TCC) is one of the types of traditional Chinese internal exercises that has provided
numerous health benefits [16–18]. Studies conducted on different patient populations have found that
TCC can help improve physical performance, reduce symptom-related pain and improve quality of
life [19–22]. Previous studies also found that with practice of TCC, individuals with lower back pain
had improved outcomes on pain and disability [23]. TCC is a type of exercise that not only involves
physical movement but also engages mindfulness meditation during its practice [24–26]. Studies have
demonstrated that even with mindfulness meditation, patients with lower back pain may observed
improvements in physical function and pain relief [27]. Such findings further support the rehabilitative
effects of TCC for treating NLBP patients.
Accumulating evidence indicates that exercise intervention programs can help individuals with
NLBP improve their quality of life, reduce pain and possibly avoid surgery. Most previous studies
have observed benefits of CST programs [28,29] but the functional differences among different types
of core stabilization exercises have rarely been investigated. Moreover, very few studies have focused
on TCC (with an emphasis on trunk stability and a typical type of core stability) as a training exercise
for NLBP. Notably, aging individuals with NLBP have also experienced a decline in neuromuscular
function in the lower extremities. Thus, in this paper, we tested the potential beneficial effects of
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TCC for alleviating pain among aging adults with NLBP, specifically to determine whether TCC was
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2.2. Exercise Intervention and Control Condition
Participants in the TCC group learned movements of the modified version of Chen-style TCC.
Detailed information about the selected movements and training mode (frequency, intensity and
progression) can be found in a previous study [30]. Each TCC session was held for a duration of 60 min,
three times per week for 12 weeks. In the first two weeks, each session began with a 10 min warm-up
(e.g., joint exercise and stretching), followed by 40 min on TCC principles (e.g., breathing technique
and individual movement pattern) and then 10 min cool-down exercise. For the remaining 10 weeks,
time allocation in each session remained similar but the training focus was different because the 40 min
of TCC had greater emphasis on combinations of individual movements, coordinated with breathing
control, body awareness and mental relaxation. An evidence-based CST program [30] was used in the
present study and was designed based on the use of a Swiss ball to improve trunk muscle stability.
Furthermore, there are six series of classical movements in this training plan: Glute Bridge Exercise,
Single Leg Bridge Exercise, Bridge and Double Knee Flex, Single Leg Bridge and Double Knee Flex,
Reverse Bridge Exercise, Reverse Bridge and Hip and Knee Flex [30]. During the intervention period,
the CST program was administered by a certified physical therapist. Weekly training frequency was
the same as the TCC program, while each session (same time allocation) lasted 60 min. Participants in
the control group were asked to maintain their normal daily activities.
2.3. Outcome Measures
All outcome assessments were performed at baseline and at the end of the trial (12 weeks),
by trained assessors who were blinded to group assignment. The patient-based VAS was used to
measure the level of perceived pain. Neuromuscular function was measured via the Biodex System 3
Isokinetic Dynamometer (Biodex Medical Systems, Shirley, NY, USA). Before each test, participants
were asked to attend the instructor-led warm-up of five minutes, including sub-maximal exercise.
2.3.1. Pain Measured by the Visual Analog Scale
The VAS is a visually accessible horizontally-oriented scale of 10 cm in length, with markings
from “no pain” on the far left to “worst possible pain” on the far right. Participants were asked to
mark points on the line to reflect their level of perceived pain of their current state.
2.3.2. Neuromuscular Function Assessment
In the present study, we used the Biodex System 3 Isokinetic Dynamometer to measure lower-limb
neuromuscular function. Furthermore, parameters of neuromuscular function included peak torque,
peak torque to weight ratio and endurance. Each participant sat on the testing chair with the knee
and hip in a 90 degrees position; straps were used to wrap around their thighs and ankles in order
to minimize movements of the knee, respectively. For the knee joint, the angular velocities were set
to 60◦ /s and 180◦ /s. Participants were asked to do five maximum concentric contractions for knee
extensors and flexors at the two angular velocities. The peak torque, peak torque/weight of the flexor
and extensor of knee and muscle endurance were recorded [30]. In addition, the angular velocity of
60◦ /s was used only for the ankle joint while the testing procedure remained same.
2.4. Statistical Analysis
For each of the 37 features related to neuromuscular function and VAS in our interests,
we calculated the change scores from the baseline to Week 12 and then performed multiple linear
regression analysis for each feature, with the change score as dependent variable and the following
variables as independent variables: two indicator variables GROUP_TC and GROUP_CR for grouping
information (i.e., GROUP_TC = 1 stands for the TCC group and GROUP_CR = 1 stands for the CST
group) ), an indicator variable GENDER (GENDER = 0 stands for female and GENDER = 1 stands for
male), HEIGHT (in CM) and WEIGHT(in KG). The aim of this regression analysis was to test if group
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assignment significantly alters the average change score of each feature related to neuromuscular
function and VAS, while adjusting for gender, height and weight. We tested if the regression parameters
associated with GROUP_TC and GROUP_CR are equal to 0 respectively at a significance level 0.05, that
is, if for one feature, the p-value corresponding to the regression parameter associated with GROUP_TC
is less than 0.05, then it indicates a significant change of scores on average between the TC group and
the control group, adjusting for other potential confounders. Similarly, if the p-value corresponding to
the regression parameter associated with GROUP_CR is less than 0.05, then it indicates a significant
change of scores on average between the CST group and the control group, adjusting for potential
confounders. We performed the multiple linear regression analysis using the lm function in R (Austria,
Non-profit Organization) [31].
3. Results
A total of 43 eligible patients with NLBP were included in our data analyses. No significant
differences for demographic data was observed among the TCC, CST and control groups (ps > 0.05).
Ratio of male to female participants was relatively equivalent among TCC (male = 4 and female 11),
CST (male = 4 and female =11) and the control group (male = 3 and female =10). The average age of
each group (TCC = 58.13 ± 5.38 years; CST = 58.4 ± 5.08 years; control group = 60.67 ± 2.58 years)
was approximately 58 years. We have separately analyzed data on body weight (TCC = 58.93 ± 9.93
kg; CST = 63.33 ± 9.08 kg; control group = 63.47 ± 12.05 kg) and height (TCC = 159.53 ± 7.24 cm; CST
= 162.53 ± 8.21 cm; control group = 163.47 ± 12.05 cm) in the present study.
For the VAS, we observed statistically significant differences between TCC and control groups
(p < 0.01) and between CST and control groups (p < 0.01), as reported in a previous study [32]. For the
knee joint, we only observed statistically significant differences on the endurance of left extension at
a speed of 60◦ /s between TCC and control groups (p < 0.01) and between CST and control groups
(p < 0.01). For the ankle joint, a statistically significant difference between CST and control groups was
observed on the peak torque of left dorsiflexion (p < 0.05) and the endurance of left plantar flexion at a
speed of 60◦ /s (p < 0.05). In addition, we observed a statistically significant difference between TCC
and control groups on the endurance of right plantar flexion (p < 0.05). All mentioned-above statistically
significant data are presented in Table 1, while non-statistically significant data are considered as
supplementary data (Tables S1 and S2).
4. Discussion
The primary aim of the present study was to investigate the effects of TCC versus CST on
neuromuscular function of the lower-limb among aging individuals with NLBP, while their effects
on pain was demonstrated in our previous study [33]; TCC (baseline = 5.67 ± 0.81 and Week
12 = 3.47 ± 0.99) seems to be superior to the CST (baseline = 5.67 ± 0.72 and Week 12 = 4.27 ± 0.79).
We found that both TCC and CST are effective in improving several parameters of neuromuscular
functions in the lower limbs, as compared to control group. Detailed information about the study
results will be discussed in the narrative that follows.
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Table 1. Visual Analogue Scale (VAS), neuromuscular function of knee and ankle at baseline and 12 weeks in Tai Chi Chuan group, Core Stability group and
Control group.
Parameters
VAS
Knee
Endurance: (60◦ /s)
left extension
Ankle
PT (Nm): 60◦ /s
left dorsiflexion
Endurance: (60◦ /s)
right plantar flexion
left plantar flexion

Tai Chi Chuan
Baseline

Week 12

Core Stability Training
Baseline

Control

Week 12

Baseline

Week 12

44

5.85 ± 0.89

5.85 ± 0.8

5.67 ± 0.81

3.47 ± 0.99 **

5.67 ± 0.72

4.27 ± 0.79

0.98 ± 0.22

1.1 ± 0.32 **

1.01 ± 0.55

0.94 ± 0.11 44

0.95 ± 0.26

0.8 ± 0.28

13.99 ± 7.38

20.43 ± 4.83

12.1 ± 4.11

15.27 ± 5.1 4

14.23 ± 9.41

16.9 ± 4.49

2.10 ± 3.1
1.01 ± 0.36

1.39 ± 0.78 *
1.36 ± 0.77

1.08 ± 0.75
0.92 ± 0.24

1.32 ± 0.84
1.29 ± 0.92 4

3.42 ± 7.39
1.51 ± 1.46

0.96 ± 0.37
0.8 ± 0.23

Note: ** = Tai-Chi Chuan group versus control group of the Week 12-minus-baseline assessment at the threshold of p < 0.01; 44 = Core Stability Training group versus control group of the
Week 12-minus-baseline assessment at the threshold of p < 0.01. * = Tai Chi Chuan versus control group of Week 12-minuts-baseline at the threshold of p < 0.05; 4 = Core Stability Training
versus control of Week 12-minus-baseline assessment at the threshold of p < 0.05.
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4.1. Neuromuscular Function in the Knee
It is well established that biological aging is associated with deleterious changes in neuromuscular
function (e.g., muscle contractile properties and motor nerves) [34,35]. These impairments in
muscle endurance and strength can result in reduced physical function, as well as reduce functional
independence among individuals with NLBP [36,37]. More studies, therefore, need to be conducted to
determine the rehabilitative effects of readily available and cost-effective approaches for pain reduction
and enhancement in neuromuscular function in this vulnerable population. In the present study, we
observed that both TCC and CST had protective effects on the endurance of left extension at a speed of
60◦ /s, as compared to the control group. Furthermore, when further evaluating the three individual
groups at baseline and Week 12, only TCC showed positive improvement from baseline (0.98 ± 0.22) to
Week 12 (1.1 ± 0.32), whereas decline in this outcome was observed in both CST (baseline = 1.01 ± 0.55
and Week 12 = 0.94 ± 0.11) and the control group (baseline = 0.95 ± 0.26 and Week 12 = 0.8 ± 0.28)
after the 12-week intervention period; CST had less reduction in this outcome than the control group.
Collectively, our study results indicate that TCC may improve the muscular endurance of left extension
at a speed of 60◦ /s, while CST may attenuate the process of degeneration of this neuromuscular
parameter. This positive finding may be attributed to the movement feature of TCC. For instance,
backward sitting is performed through the entire TCC form and it involves knee extension with toe-off
to support part of the body weight. With the 12-week TCC training, muscular endurance showed
marginal improvements. A positive trend occurred in other parameters of the muscular endurance in
TCC but did not reach statistical significance. Although speculative, perhaps these null findings are
attributed to statistical power and thus, future studies employing larger sample sizes are warranted.
4.2. Neuromuscular Function in the Ankle
The ankle is one of the most frequently injured joints, particularly in the aging population and it
has a complex mechanical and anatomical structure [38]. Frequent injuries in the ankle joints can be
attributed to rapid declines in muscular strength and endurance as people age [39]. Thus, identifying
effective intervention programs are critical because it may help this aging population prevent injuries
and perform normal physical activities [40]. Technology-based training has been applied in the majority
of the previous studies on this topic but notably, this requires expensive equipment and may be difficult
to implement in the community [41]. Exercise-based program that can improve muscular strength and
endurance of the ankle joints should be recommended. In the present study, the CST improved the
peak torque of left dorsiflexion (p < 0.05) and the endurance of left plantar flexion at a speed of 60◦ /s.
These positive findings are possibly associated with movements in the CST program that involves
dorsiflexion and plantar flexion of the ankle; when the feet are on the Swiss ball, it requires plantar
flexion in order to keep the joints (shoulders, hip, knee and ankle) in alignment, while controlling the
core muscle. When other movements involve the shoulders on the Swiss ball, this requires the feet to be
placed on the ground. To keep the trunk flat in the air, the feet need to fight against the floor to generate
sufficient force, which can strengthen the dorsiflexors. In addition, in the TCC group, we also observed
improvements in endurance of the right plantar flexion at a speed of 60◦ /s, which is inconsistent with
our previous study [32] investigating the effects of TCC on the strength and endurance of the bilateral
ankle dorsiflexors and plantar flexors at a speed of 30◦ /s. This inconsistent finding may be partially
explained by two factors. First, while Yang-style (constantly slow movement) in the previous study
was used, we specifically considered Chen-style TCC as the intervention program in the present study
because it involves more dynamic and powerful movements in the lower extremities. The intensity
of Yang-style TCC may not be enough to improve this outcome. Second, the total time spent in TCC
training is different between two studies; 1440 min (2 sessions × 45 min per week for 16 weeks) in
Yang-style TCC [31] and 2160 min (3 sessions × 6 min per weeks for 12 weeks) in Chen-style TCC.
Thus, 1440 min may not be enough to improve the flexion of the ankle [31]. Future studies need to
take into account these factors.
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4.3. Strengths and Limitations
This is the first study investigating the effects of Chen-style TCC versus evidence-based CST
program on lower-limb neuromuscular function in aging individuals with lower back pain. Authors
of the present study used a rigorous randomized controlled design along with blinding of assessors.
Other strengths involved use of a qualified TCC instructor, certified physical therapist and an objective
assessment of the neuromuscular function throughout the entire intervention period. Some study
limitations must be acknowledged as follows. First, given that this study included a relatively
small sample, we did not analyze the relationship between pain and parameters of neuromuscular
function in TCC and CST training groups, respectively, based on the mean change score (from
baseline to Week 12). Thus, it still remains unclear whether or not improvements in the parameters of
neuromuscular functions might be attributed to reduced pain. Improvement trends in some parameters
of neuromuscular function were observed in this study but did not reach statistical significance, which
might be partially explained by the relatively small sample size. Second, because it is unrealistic to
blind participants to the exercise intervention, it cannot be determined whether or not participants in
the two experimental groups had greater expectations about their intervention effects as compared to
the non-active control group, which could contaminate the study results. Third, a lack of a medical
diagnostic report may have influenced our ability to determine the precise nature of the participant’s
actual health status. For instance, chronic neurological or musculoskeletal disorders are difficult to
determine by participants themselves but could significantly affect neuromuscular function.
5. Conclusions
The results of the present study suggest that both Chen-style TCC and CST have protective effects
on neuromuscular function in aging individuals with NLBP, while alleviating non-specific chronic
pain. In the present study, Chen-style TCC had a significantly greater effect on the muscular endurance
of left knee extension in comparison to the evidence-based CST program. Future studies with large
sample sizes are needed to confirm our findings.
Supplementary Materials: The following are available online at http://www.mdpi.com/1010-660X/55/3/60/s1,
Table S1: VAS, neuromuscular function of knee at baseline and 12 weeks in Tai Chi Chuan group, Core Stability
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group, Core Stability Training group, and Control group.
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