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Abstract.
BACKGROUND: Although rehabilitation exercise is known to be beneficial for cardiovascular and mental health, it remains
a daunting challenge for patients with spinal cord injury (SCI) who rely on wheelchairs for mobility.
OBJECTIVE: This study aimed to examine the effectiveness of a 4-week para table tennis program in enhancing self-efficacy
and health outcomes in adults with SCI.
METHODS: A total of 39 SCI patients were included and divided into the experimental group (n = 18, a 4-week para table
tennis training program) and the control group (n = 21). Frequency domain indices of heart rate variability (HRV) were used
to evaluate the function of the autonomic nervous system.
RESULTS: Following para table tennis training, there was a significant reduction in the physical stress index (PSI, P < 0.001),
accompanied by shifts in autonomic regulation of vagal dominance. Additionally, the para table tennis training led to significant
improvements in vessel state, differential pulse wave index, atrial elasticity, eccentric constriction power, remaining blood
volume, and self-efficacy (all P < 0.05).
CONCLUSION: Para table tennis training results in favorable changes in sympathetic tone, enhanced self-efficacy, improved
cardiovascular well-being, and an overall positive transformation in HRV.
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1. Introduction

Spinal cord injury (SCI) is a severe life-threatening
disease, often resulting in tetraplegia or paraplegia.
Despite advances in medicine, patients with SCI
may never regain their original physical function-
ing and must learn to live with disabilities (Chang
et al., 2017; Dolbow et al., 2021), so they may
rely on wheelchairs for long-term mobility. Accord-
ing to the Global Burden of Disease Study, the
annual incidence of SCI has increased in the past
few decades, and the global prevalence in 2019 is
approximately 6.2 person per million (Ding et al.,
2022). Physiological complications commonly expe-
rienced by patients with SCI include neurological
disorders, cardiovascular-related disease symptoms,
and disorders of the respiratory tract, digestive
tract, urinary tract, skeletal muscle, and skin, as
well as disturbances in pain and temperature con-
trol (Craig et al., 2021; Serra-Añó et al., 2015).
In addition to physiological trauma, psychological
disorders, such as anxiety and depression, nega-
tively impact people around the patient with SCI
(Chen et al., 2012; Le & Dorstyn, 2016; Lim et al.,
2017).

The autonomic nervous system is subdivided
into sympathetic and parasympathetic nervous sys-
tems, which function antagonistically to respond
to internal and external perturbations and to main-
tain homeostasis (Benarroch, 2020; Gibbons, 2019).
SCI leads to an imbalance between the sympathetic
and parasympathetic nervous systems, which in turn
causes long-term sequelae such as cardiac dysrhyth-
mias, systemic hypotension, and uncontrolled bowel
dysfunction (Henke et al., 2022). Compared with
healthy individuals, patients with SCI often have
cardiovascular disorders, weaker sympathetic and
parasympathetic activity, decreased arterial elastic-
ity, and lower total power (TP), as well as increased
psychological stress evidenced by the physical stress
index (PSI) (Malmqvist et al., 2015; Serra-Ano et al.,
2015; Tsou et al., 2022).

It has been reported that regular exercise bene-
fits autonomic function in healthy individuals and
patients with coronary artery disease (Laing et al.,
2011; Manresa-Rocamora et al., 2021), increasing
acceptance of their disability and overcome distress
and suffering (Ahn et al., 2021; Aitchison et al.,
2022). Nevertheless, attention still needs to be paid
to strike a balance between appropriate training and
adequate rest to avoid cardiac autonomic imbalance
due to overtraining (Kajaia et al., 2017), especial

in patients with SCI (Buker et al., 2018). Although
scientific exercise guidelines suggest that aerobic
exercise is recommended for SCI patients to improve
cardiorespiratory fitness and cardiometabolic health
(Martin Ginis et al., 2018), there is no clear descrip-
tion of the appropriate type and intensity of exercise.
Unlike wheelchair rugby or paratriathlon, there are
no physical requirements for para table tennis. This
study aimed to explore the effects of a 4-week para
table tennis training program on self-efficacy, cardio-
vascular health, stress status, stress resilience, and
balance of the autonomic nervous system in individ-
uals with SCI.

2. Materials and methods

2.1. Participants

This study adopted purposive sampling to include
individuals, who underwent surgical treatment for
SCI and joined a patient support group for SCI for
at least one year, from our outpatient clinic between
November 2020 and February 2021. The inclusion
criteria were as follows: (1) aged 20 to 75, (2)
definitive diagnosis of SCI, (3) at least one year
after occurrence and treatment of SCI, (4) requiring
wheelchairs for mobility, (5) able to carry out daily
activities with or without help from caregivers, and
(6) occasionally playing wheelchair basketball, para
table tennis, and/or wheelchair bowling in the patient
support group. Individuals were excluded from this
study if they had (1) a history and/or symptoms of
cardiovascular disease, (2) severe trauma or surgery
within the last six months; (3) inability to use a racket
due to upper extremity fracture or paralysis, and (4)
cognitive dysfunction or communication difficulties
that restricted their ability to participate in the train-
ing program. The participants were randomly divided
into the experimental group who participated in a
4-week para table tennis training program, and the
control group who did not participate in the training
program. However, participants who were assigned to
the exercise group but were unwilling to participate
in the para table tennis training were transferred to the
control. The study protocol was approved by the Insti-
tutional Review Board of Taichung Jen-Ai Hospital
(JAHIRB-109-70) and was conducted in accordance
with the Declaration of Helsinki. All participants pro-
vided written informed consent prior to participating
in the study.
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2.2. Study design

All participants in the experimental group under-
went 1-h para-table tennis training twice a week,
over a period of 4 weeks. The content of training
intervention included warm-up exercises, introduc-
tion to basic movement and practice such as racket
grip, ball trajectory balance training, basic move-
ment training, wheelchair handling skills, forehand
practice, backhand practice and continuous hitting,
and cool-down exercises. The participants in the con-
trol group performed static activities individually for
one hour twice a week for 4 weeks. This study fol-
lowed a quasi-experimental design in which each
participant’s heart rate variability and arteriosclero-
sis were obtained through pre- and post-tests. Given
the real-world nature of this study, all participants
in both groups were asked not to change their usual
daily activities, dietary habits, or medications dur-
ing the study period. After 4 weeks of intervention,
all participants completed a self-efficacy question-
naire on the effects of low-intensity para-table tennis
training.

2.3. Outcomes and assessments

Heart rate variability (HRV) parameters were
obtained before and after low-intensity para table ten-
nis training, including heart rate, standard deviation
of NN intervals (SDNN), root mean square of the suc-
cessive differences (RMSSD), PSI, TP, low frequency
(LF), high frequency (HF), very low frequency
(VLF), and very high frequency (VHF). The nor-
malized LF was calculated as LF/(TP-VLF) × 100,
and the normalized HF was calculated as HF/(TP-
VLF) × 100. Sympathovagal balance was defined as
the ratio of LF to HF (LF/HF). Accelerated pho-
tophlethysmography (APG) technology was used
to assess the arterial aging in relation to hemo-
dynamics, including vessel state, differential pulse
wave index (DPI), eccentric constriction power (EC),
atrial elasticity (AE), and remaining blood volume
(RBV). Pulse wave velocity (PWV) was extracted
from each participant’s APG signal using an SA-
3000P analyzer to calculate the above parameters
(Tsou et al., 2022). Vessel state reflecting vascular
age was estimated from the APG signal and classi-
fied into 7 grades.(Currie et al., 2019; Tsou et al.,
2022) The vascular age gets worse with increasing
grade. The psychometric properties of all participants
were assessed using the translated Moorong Self-
Efficacy Scale (MSES), which rates confidence in

performing daily activities on a 7-point Likert scale
(Chen et al., 2011). The translated Chinese version of
the MSES has been demonstrated to have excellent
internal consistency for SCI patients, with a Cron-
bach’s alpha of 0.93 for self-efficacy (Chen et al.,
2011).

2.4. Statistical analysis

Continuous data are expressed as mean and
standard deviation (SD). Categorical data are summa-
rized as frequencies and percentages. The Wilcoxon
signed-rank test was used to statistically examine the
differences between the data collected from the pre-
and post-tests. Differences between the experimen-
tal and control groups were examined using Fisher’s
exact test or the chi-square test for categorical vari-
ables. In addition, the Shapiro-Wilk test was used
to assess the normality of continuous data. To exam-
ine between-group differences, the t-test was used for
normal distributed continuous data, while the Mann-
Whitney U test for non-normal distributed continuous
data. Statistical significance was defined as a two-
tailed P-value less than 0.05.

3. Results

3.1. Patient characteristics

A total of 39 eligible individuals with SCI were
included and were randomly divided into the exper-
imental group (n = 18) and control group (n = 21).
Table 1 shows the demographics and clinical char-
acteristics of patients with SCI. The mean age was
52.6 ± 11.4 years, and most participants were male
(74.4%). The mean age at injury was 21.6 ± 12.2
years, and the most common cause of SCI was car
accident (46.2%), followed by illness (33.3%). There
were no statistically significant differences in age,
sex, education level, marital status, cause of SCI,
location of injury, post-injury time, and severity of
injury between the experimental and control groups
(all P > 0.05).

3.2. Effects of para table tennis training on HRV
and arteriosclerosis

Table 2 shows the HRV frequency-domain val-
ues of participants in the experimental and control
groups before and after 4 weeks of para table tennis
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Table 1
Demographics and patient characteristics

Variables Total (N = 39) Experimental (n = 18) Control (n = 21) p-value

Age, years 52.6 ± 11.4 52.4 ± 14 52.7 ± 8.9 0.952
Sex 0.290

Men 29 (74.4%) 15 (83.3%) 14 (66.7%)
Women 10 (25.6%) 3 (16.7%) 7 (33.3%)

Education level 0.263
Elementary school 1 (2.6%) 0 (0.0%) 1 (4.8%)
Junior high school 3 (7.7%) 1 (5.6%) 2 (9.5%)
High school 20 (51.3%) 9 (50%) 11 (52.4%)
Two-year junior college 3 (7.7%) 1 (5.6%) 2 (9.5%)
College 11 (28.2%) 6 (33.3%) 5 (23.8%)
Postgraduate 1 (2.6%) 1 (5.6%) 0 (0.0%)

Marital status 0.507
Single 17 (43.6%) 9 (50.0%) 8 (38.1%)
Married & cohabitation 17 (43.6%) 7 (38.9%) 10 (47.6%)
Divorced 4 (10.3%) 1 (5.6%) 3 (14.3%)
Widowed 1 (2.6%) 1 (5.6%) 0 (0.0%)

Age at injury, years 21.6 ± 12.2 24.9 ± 13.7 18.7 ± 10.3 0.118
Cause of injury 0.607

Car accident 18 (46.2%) 8 (44.4%) 10 (47.6%)
Fall from a height 7 (17.9%) 4 (22.2%) 3 (14.3%)
Sports injury 1 (2.6%) 1 (5.6%) 0 (0.0%)
Illness 13 (33.3%) 5 (27.8%) 8 (38.1%)

Location of injury† 0.477
Cervical 20 (51.3%) 8 (44.4%) 12 (57.1%)
Thoracic 16 (41.0%) 8 (44.4%) 8 (38.1%)
Lumbar 8 (20.5%) 5 (27.8%) 3 (14.3%)
Sacral 1 (2.6%) 1 (5.6%) –

Severity of injury 0.630
Complete Tetraplegia 4 (10.3%) 1 (5.6%) 3 (14.3%)
Incomplete Tetraplegia 13 (33.3%) 5 (27.8%) 8 (38.1%)
Complete paraplegia 17 (43.6%) 9 (50%) 8 (38.1%)
Incomplete paraplegia 5 (12.8%) 3 (16.7%) 2 (9.5%)

A bold number indicates a statistically significant difference with a p-value less than 0.05. †More than one injury site
could be present in the same patient. t test and Mann-Whitney U test were used for continuous variables. Fisher’s exact
test and the chi-square test were used for categorical variables.

training. For participants in the control group, there
were no significant differences between the pre-test
and post-test values for all frequency domain vari-
ables (P > 0.05). In contrast, the experimental group
showed significantly increased HR (P < 0.001) and
TP (P < 0.001), while reduced PSI (P < 0.001), VLF
(P = 0.038), and LF (P = 0.018) after four weeks of
training.

When comparing the pre-test and post-test between
the two groups, the pre-test values of any frequency
domain variable showed no significant differences
between the experimental and control groups. In con-
trast, post-test values of HR, LF/HF, and LFnu in the
experimental group were significantly higher than
that in the control group (all P ≤ 0.027). Further-
more, the post-test value of HF and HFnu in the
experimental group was significantly lower than that
in the control group (both P ≤ 0.026).

3.3. Effects of para table tennis training on
elastic properties of arterial system

Table 3 shows the cardiovascular outcomes of
the participants before and after 4 weeks of low-
intensity para-table tennis training. No significant
differences between pre- and post-test were observed
in the control group for PWV parameters, except
vessel state (P = 0.046). However, for participants in
the experimental group, there were significant differ-
ences between the pre-test and post-test measures in
vessel state, DPI, EC, AE, and RBV (all P ≤ 0.005).

3.4. Effect of para table tennis training on
self-efficacy

The self-efficacy of participants in the experimen-
tal and control groups was evaluated using the MSES
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Table 2
Effects of low-intensity para table tennis training on HRV and arteriosclerosis

Variable Experimental (n = 18) Control (n = 21) p-value‡

HR
Pre-test 85.40 ± 13.90 82.48 ± 17.18 0.269
Post-test 90.20 ± 15.10 83.10 ± 11.03 0.027

p-value§ <0.001 0.667
SDNN

Pre-test 24.12 ± 9.02 28.59 ± 16.89 0.566
Post-test 23.44 ± 10.32 24.31 ± 10.71 0.644

p-value§ 0.188 0.495
RMSSD

Pre-test 16.20 ± 7.43 19.62 ± 10.82 0.370
Post-test 15.87 ± 9.20 17.43 ± 8.17 0.235

p-value§ 0.083 0.374
PSI

Pre-test 159.38 ± 184.10 176.14 ± 199.94 0.514
Post-test 126.41 ± 148.04 152.95 ± 154.42 0.468

p-value§ <0.001 0.892
TP

Pre-test 434.30 ± 377.57 748.19 ± 871.87 0.520
Post-test 625.27 ± 561.92 490.39 ± 370.43 0.562

p-value§ <0.001 0.355
LF/HF

Pre-test 2.84 ± 2.52 2.17 ± 1.66 0.361
Post-test 3.15 ± 2.93 1.76 ± 1.14 0.026

p-value§ 0.146 0.412
VLF

Pre-test 316.02 ± 293.44 378.21 ± 389.99 0.936
Post-test 266.08 ± 280.85 256.38 ± 187.90 0.579

p-value§ 0.038 0.355
LF

Pre-test 131.75 ± 174.08 255.77 ± 438.98 0.536
Post-test 111.13 ± 149.57 133.24 ± 122.89 0.092

p-value§ 0.018 0.539
HF

Pre-test 71.81 ± 86.08 114.21 ± 131.87 0.523
Post-test 52.01 ± 61.93 99.70 ± 106.89 0.012

p-value§ 0.001 0.973
LFnu

Pre-test 63.80 ± 18.87 60.54 ± 17.30 0.385
Post-test 66.59 ± 16.74 57.67 ± 16.37 0.026

p-value§ 0.099 0.539
HFnu

Pre-test 36.00 ± 18.88 39.46 ± 17.30 0.359
Post-test 33.41 ± 16.74 42.40 ± 16.53 0.026

p-value§ 0.118 0.517

Abbreviations: HR, heart rate; SDNN, standard deviation of NN intervals; RMSSD, Root mean square
of the successive differences; PSI, physical stress index; TP, total power; LF, low frequency; HF, high
frequency; VLF, very low frequency (VLF); LFnu, normalized low frequency; HFnu, normalized high
frequency. A bold number indicates a statistically significant difference with a p-value less than 0.05.
§Wilcoxon signed-rank test. ‡Mann-Whitney U test.

(scores for each item of the MSES are shown in Sup-
plementary Table 1). For participants in the control
group, there was no significant difference in self-
efficacy scores between the pre-test and post-test
(P = 0.305; Table 4). Notably, 4 weeks after training,
self-efficacy in the experimental group was signifi-
cantly improved (P = 0.003).

4. Discussion

This prospective study found that 4-week para
table tennis training program significantly enhanced
HR and TP, while reduced PSI, VLF, and LF in par-
ticipants with SCI. The current results revealed that
para table tennis training improved HRV power and
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Table 3
Effects of para table tennis training on elastic properties of arterial system

Experimental p-value§ Control p-value§
pre-test Post-test pre-test post-test

Vessel state <0.001 0.046
Level 1 0 0.0% 4 22.2% 0 0.0% 1 4.8%
Level 2 4 22.2% 11 61.1% 11 52.4% 6 28.6%
Level 3 1 5.6% 1 5.6% 2 9.5% 0 0.0%
Level 4 11 61.1% 0 0.0% 8 38.1% 14 66.7%
Level 5 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Level 6 2 11.1% 2 11.1% 0 0.0% 0 0.0%

DPI 0.005 1.000
High 2 11.1% 4 22.2% 2 9.5% 2 9.5%
Normal 2 11.1% 13 72.2% 12 57.1% 12 57.1%
Low 14 77.8% 1 5.6% 7 33.3% 7 33.3%

EC <0.002 0.110
High 7 38.9% 2 11.1% 2 9.5% 2 9.5%
Normal 11 61.1% 2 11.1% 8 38.1% 13 61.9%
Low 0 0.0% 14 77.8% 11 52.4% 6 28.6%

AE <0.001 0.766
High 1 5.6% 18 100.0% 13 61.9% 13 61.9%
Normal 13 72.2% 0 0.0% 7 33.3% 8 38.1%
Low 4 22.2% 0 0.0% 1 4.8% 0 0.0%

RBV 0.003 0.424
High 8 44.4% 2 11.1% 2 9.5% 2 9.5%
Normal 8 44.4% 1 5.6% 8 38.1% 10 47.6%
Low 2 11.1% 15 83.3% 11 52.4% 9 42.9%

Abbreviations: DPI, differential pulse wave index; EC, eccentric constriction power; AE, atrial elasticity; RBV, remaining blood volume. A
bold number indicates a statistically significant difference with a p-value less than 0.05. §Wilcoxon signed-rank test.

Table 4
Improved self-efficacy after low-intensity para table tennis exercise

Experimental Control p-value‡

Pre-test 80.56 ± 16.27 82.14 ± 16.68 0.766
Post-test 83.94 ± 17.52 83.71 ± 16.33 0.966

p-value§ 0.003 0.305

‡Mann-Whitney U test. §Wilcoxon signed-rank test.

sympathetic output, and decreased their stress index.
In addition, para table tennis training improved the
elasticity of the arterial system, as most participants
in the experimental group had improved vessel state,
higher DPI and AE, and lower EC and RBV. Notably,
para table tennis training also improved the self-
efficacy of individuals with SCI. Taken together, the
4-week para table tennis training program improved
psychological and cardiovascular health of SCI
patients.

Patients with SCI are more likely to be diagnosed
with a mental illness than those without SCI (Budd
et al., 2022). In a cross-sectional survey of 443 SCI
patients in Victoria, Australia, nearly half of SCI
patients had experienced mental health problems,
including depression, anxiety, clinical-level stress,
and post-traumatic stress disorder (Migliorini et al.,
2008). A study of 102 patients with SCI revealed
that approximately half of SCI patients experienced

clinically relevant depressive symptoms immedi-
ately post-discharge (Schönenberg et al., 2014).
Similar results were also observed in a nationwide
population-based cohort study of Taiwan’s National
Health Insurance Research Database, in which SCI
patients had a significant 1.33-fold increased risk of
depression or anxiety compared with healthy indi-
viduals (Lim et al., 2017). Furthermore, a recent
study exploring risk factors for depression in SCI
patients found that self-perceived poor health status
and performing less planned exercise were significant
risk factors for major depressive disorder (VanDer-
werker et al., 2020). The above-mentioned studies
also support that the psychological stress of individ-
uals with SCI was significantly improved after the
training program, which be attributed to the exercise
that provides them the opportunity to build self-
confidence. This assumption is also supported by this
study, which showed that improved self-efficacy was
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only observed in adults with SCI in the experimental
group.

Physical impairment caused by high-level injury
to the spinal cord, especially in those who can only
rely on wheelchairs for mobility, may greatly restrict
their willingness to exercise (Ellapen et al., 2017).
There are a variety of wheelchair exercises for adults
with SCI; however, most of these exercises require
large or specialized venues and additional equipment
expanses, as well as the specific physical function of
the body. In fact, the affordability of equipment is
also a key barrier to active exercise, especially for
those who have to reply to insurance coverage. An
exploratory study of exercise barriers in individuals
with SCI disclosed that exercise-active participants
had a higher household income than non-exercisers
(Kehn & Kroll, 2009). Therefore, in the present study,
para-table tennis was chosen as an exercise interven-
tion for adults with SCI, because para table tennis
offers the benefits of moderate fitness with less space
needs for venues, less expensive equipment, and less
physical constraints. It also fosters social contact and
networking among participants.

In adults with SCI, exercise adherence is an impor-
tant barrier that needs to be overcome. Decreasing
the frequency of exercise to twice or thrice a week
may enhance exercise adherence (Gorgey, 2014). In
addition, numerous studies have shown that exercis-
ing consistently twice a week increases muscle mass,
improves metabolic profile, reduces physical pain,
and benefits mental health and quality of life in adults
with SCI (Astorino & Harness, 2020; Ellapen et al.,
2017). Therefore, the frequency of exercise in the
present study was designed to be twice a week to
prevent a reduction in willingness to exercise and to
facilitate exercise adherence.

Although regular exercise is undoubtedly benefi-
cial for cardiovascular and mental health (McNamara
et al., 2022; Pinckard et al., 2019), it remains a daunt-
ing challenge for adults with SCI. Engagement in
physical exercise benefits cardiac autonomic func-
tions (Li & Spitzer, 2020; Nilsson et al., 2020), which
in turn improves autonomic nervous system activ-
ity and promotes positive mood (Basso & Suzuki,
2017; Speer et al., 2019). Furthermore, the mod-
ulation of autonomic balance by para table tennis
training observed in this study, is consistent with
other studies (Dong, 2016). In contrast, exercise
intensity is negatively associated with the reliability
of frequency domain measurements (Barrios et al.,
2019; Dong, 2016); low-intensity exercise decreases
HFnu, but high-intensity exercise increases HFnu.

In addition, LFnu and LF/HF have the opposite
responses.

Self-efficacy, the confidence that an individual can
successfully execute behavior to accomplish desired
outcomes, is a key determinant during SCI rehabilita-
tion and is highly correlated with anxiety, depression,
frustration, and quality of life (van Diemen et al.,
2020). There is increasing evidence that regular exer-
cise habits can confer considerable benefits in terms
of self-efficacy as well as ameliorate psychological
and physical health (Ersin et al., 2022; Tikac et al.,
2022). However, it remains a challenge for patients
with SCI who need a wheelchair for mobility. In this
study, we found that only four weeks of regular para-
table tennis training showed favorable improvements
in self-efficacy in adults with SCI. However, self-
efficacy is also greatly influenced by feedback and
support from coaches and training partners (Collado-
Mateo et al., 2021). In other words, the improved
self-efficacy of adults with SCI is partly attributable to
teamwork and collaborative communication, as well
as the sharing of positive emotions or experiences
related to exercise or illness.

4.1. Study limitations

This pilot study had several limitations. First, this
pilot study adopted purposive sampling to include
individuals with SCI who occasionally exercised in
the patient support group for SCI. All individuals with
SCI expressing interest in participating in this study
were included. The lack of power analysis prior to
the study was a limitation of this pilot study. Second,
the results of this study may not be generalizable to
larger populations due to the bias of the participants’
willingness to participate in the experimental group
and insufficient sample size. Insufficient motivation
to engage in regular exercise may cause bias, result-
ing in the statistical insignificance of some HRV and
APG increases. Finally, although this study highlights
the need and advantages of regular para-table tennis
training, the optimal exercise intensity for adults with
SCI remains unclear. Considering the individual dif-
ferences in exercise habits and health status among
patients with SCI, future research should focus on
customized exercise intensity and frequency.

5. Conclusion

This pilot study provides insights into the effec-
tiveness of a para table tennis program in improving
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psychological and cardiovascular health. We found
that as little as 4 weeks of regular para-table ten-
nis program in SCI patients can achieve beneficial
improvements in their sympathetic output, HRV
power, elasticity of the arterial system, vessel state,
and other cardiovascular parameters.
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