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Abstract

Background: Hong Kong students with physical disabilities were being seen as physically inactive compared with typically devel-
oped people or even people with other disabilities, such as visual impairment or intellectual disabilities. Lack of regular physical
activity would lead to poor physical fitness, and yet is associated with a higher risk of being obese or other physical as well as men-
tal health problems. Currently, a newly developed sport, sitting light volleyball, modified from the Paralympic sitting volleyball, is
considered as suitable for disabled people with lower physical fitness, in which was able to increase fitness level and increase their
physical activity.
Objectives: The current study aimed to examine the effect of sitting light volleyball in improving physical fitness among students
with physical disabilities in Hong Kong.
Methods: The current study was an interventional, quasi-experimental study. Nineteen participants, 8 males and 11 females, with
the age of 18.5 on average (SD = 3.24), participated in the study. Two local special education schools were involved in the 10-week
(65 minutes per session) sitting light volleyball intervention program. Participants took part in a fitness test before and after the
intervention. The intended-to-treat approach was adopted throughout the data analysis, with the last observation carried forward
method for managing the missing data.
Results: No significant changes in body composition outcomes of the participants were found. The non-parametric sign test
showed significant median differences on dumbbell press test and flexibility test of the right shoulder before and after the inter-
vention, with Z = 2.94, P = 0.003; Z = 2.20, P = 0.028, respectively.
Conclusions: This indicated that the sitting light volleyball intervention was able to provide preliminary evidence on showing
the enhancement of muscle endurance and flexibility of the students with physical disabilities. Whereas, intensified interventions
should be done in the future to examine the possible changes in body composition as well as psychological health conditions.

Keywords: Physical Disability, Sitting Light Volleyball, Physical Fitness

1. Background

Children with disabilities, being a minority in the so-
ciety, their level of physical activity and fitness was lack-
ing concern, either by the disabilities themselves or soci-
ety. Government statistics, in the year of 2014 - 2015, has
revealed that within the almost 900 leisure-time physical
activity programmes or fun-day organized or co-organized
by the Government of the Hong Kong Special Adminis-
trative Region (HKSAR) Leisure and Cultural Services De-
partment, only 13 of them were with people with physi-
cal disabilities; while only 2 were for children with spe-
cial needs, which include any kind of disabilities (1). Re-

searchers found out that children with physical disabili-
ties spent most of their time, either at school or at home,
and only tend to be more engaged in walking during free
time (2); thus being seen as physically inactive (3, 4). Im-
portantly, a disabled person with inadequate physical fit-
ness would have a higher risk of developing cardiovascular
diseases and metabolic syndromes, such as heart disease,
diabetes, stroke or other health problems (5, 6); as well as
being obese and suffering from mental health issues (7-
12). And yet, children and adolescents with any form of
disabilities were more likely to be inactive and had poorer
physical fitness than typically developed children (13). The
Dutch’s physical activity report card on youth with disabil-
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ities reported that only 26% of the physically disabled chil-
dren in special education school did participate in sports
regularly compared to over 70% in non-disabled youth (14).
Therefore, the low level of physical activity engagement
and fitness of children with disabilities were associated
with inferior health status, in both physical and mental
health (4, 15). It can be known that there were various fac-
tors leading to the lack of physical activity and poor fitness
of children and adolescents with disabilities; for instance,
lack of assistance from caregivers, lack of physical activity
(PA) opportunities, concern for the children’s safety, lack
of professional teacher training, insufficient facilities at
school for disabilities or other socio-environmental factors
(16).

Schools are considered as an essential setting for stu-
dents’ health-promotion and education (4, 9, 17). Local re-
search has also proved that the active behaviour of chil-
dren with disabilities was being more encouraged under
structured activities with teachers’ supervision (2). How-
ever, the HKSAR government-commissioned consultancy
study (1) demonstrated that the physical activity partici-
pation opportunities for children with disabilities varied
from school to school. Hong Kong research has only indi-
cated significant results in the physical fitness-and-activity
intensity relationships within children with intellectual
disability and social development problems but not chil-
dren with physical disabilities (PD) (4). Schools for physical
disabilities showed concern towards the decrease in sports
courses’ variety and availability offered by related organi-
zations specialized for them (1); which may result in fur-
ther physical inactivity and physical health issues within
children with physical disabilities (18). Therefore, it is crit-
ical to provide more PA opportunities to people with phys-
ical disabilities.

1.1. Sitting Light Volleyball

Among different types of physical activity, light volley-
ball was found to enhance older adults’ physical and psy-
chological health (19). The light volleyball ball is around
20 cm bigger in circumference and 100 g lighter in weight
than that of traditional volleyball; thus it enables travel in
the air at a lower velocity and for a longer time. The devel-
opment of light volleyball was aimed at providing another
choice of sport for people with lower fitness levels, and to
reduce fitness-related degradation and increase their phys-
ical activity. Going further, Leung and her colleague were
also being funded to develop and promote sitting light vol-
leyball among adults with physical disabilities.

Sitting volleyball is a commonly known Paralympic
Sport modified from traditional volleyball to suit athletes

who are disabled physically (20, 21). Despite sitting volley-
ball allowing players to be at a seated position in which the
pelvis must contact the ground during the game, the vol-
leyball used is seen to be unpredictable (20) and even faster
than that of Olympic traditional volleyball (The British Par-
alympic Association, 2014), in which players with lower fit-
ness level and sport competence are less able to access.
Hence, the combination of sitting volleyball and light vol-
leyball may be considered as an appropriate physical activ-
ity for people with physical disabilities (PWPD) as a leisure
activity.

In 2018, the current research investigator (Leung KM)
and her colleague (Chung PK), successfully obtained a
Knowledge Transfer Partnership Seed Fund to (1) develop a
new sport, sitting light volleyball (SLVB); (2) investigate the
impact of a sitting light volleyball intervention on improv-
ing health among PWPD, and (3) promote SLVB by organiz-
ing SLVB classes. We pilot tested SLVB with PWPD and exam-
ined its game characteristics, rules, and regulations. SLVB
was then developed using sitting volleyball from the Para-
lympic games as a reference. Additionally, four focus group
interviews were conducted to investigate PWPD’s experi-
ences and opinions related to SLVB. Generally, these inter-
views demonstrated a positive perception of playing SLVB
among PWPD in HK (22). Using structural equation mod-
elling, three themes emerged when playing SLVB at indi-
vidual, and interpersonal levels. These themes included
“increased perceived competence in PA”, “increased PA en-
joyment”, and “increased social support and communica-
tion”. Next, the SLVB intervention resulted in significant
improvements in cardiovascular endurance, body compo-
sition, PA enjoyment, and quality of life among partici-
pants in the SLVB group compared to the control group (Le-
ung et al., 2019, unpublished work).

Hence, in correspondence with the needs of the stu-
dents with physical disabilities stated by the government
consultancy study and the positive findings of our pi-
lot study in adults with physical disabilities, sitting light
volleyball was then applied and the first place to study
its health impact was on students in special education
schools in Hong Kong.

2. Objectives

The aim of the research was to examine the effect of the
sitting light volleyball intervention in improving physical
fitness among students with physical disabilities. Since no
research has been done on applying sitting light volleyball
on students with physical disabilities, the null hypothesis
expects that the sitting light volleyball intervention can

2 Asian J Sports Med. 2020; 11(1):e98225.

http://asjsm.com


WongMYC and Leung KM

generate no significant effect on the physical fitness of stu-
dents with physical disabilities, neither body composition
nor musculoskeletal functioning.

3. Methods

The present pilot study was a single group quasi-
experimental intervention study, taken place in two (out
of seven) special education schools for students with phys-
ical disability in Hong Kong.

3.1. Participants

There were only a total of seven special education
schools for children with physical disabilities in Hong
Kong, and due to the tight teaching schedules of students
in these schools; the convenient sampling method was
adopted. Eventually, only two of the schools accepted the
invitation and agreed to participate in our study. The inclu-
sion criteria of participants included: (a) school students
in Hong Kong special schools serving PWPDs; (b) registered
PWD in Central Registry for Rehabilitation; (c) with at least
one functional arm; and (d) cognitively understand the in-
tervention program instruction. Students who (a) had a
history of cardiovascular disease that hinders study par-
ticipation; (b) had seeing and hearing difficulties; and (c)
were not approved by his/her physician to participate in
the study due to a limiting medical condition, were ex-
cluded from the study.

In this research, 19 students, including 8 males and 11
females with the age of 18.5 on average (SD = 3.24), partic-
ipated in the study. Eighteen of them were in the pre-test
and the intervention, while 7 of them did not get involved
in the post-test, yet 1 of them was absent from the pre-test
but still involved in the intervention programme as well as
the post-test. The disability conditions of the subjects were
mainly loss or deformity of limbs and muscular dystrophy;
from which five of them were wheelchair users.

3.2. Design andMeasures

3.2.1. Procedures and Sitting Light Volleyball Intervention

The subjects were expected to be involved in the fit-
ness test held before and after the intervention program,
and they were briefed on the fitness test procedures be-
fore each test. The consent form was given to their par-
ents in advance for endorsement. The parents were told
about the process of intervention and the purpose of the
current study, as well as the confidentiality of the data col-
lected. The parents and students were also reminded that
they would be allowed to withdraw from the research at
any time without any penalty and without loss of benefits.

The intervention programme was carried out from
November 2018 to January 2019 by two qualified registered
coaches and one assistant coach from the Light Volleyball
Association of Hong Kong. The program consisted of 10 ses-
sions, with 1 session per week and 65 minutes per session.
Each session involved a warm-up, sitting light volleyball
skills training (supplementary file Appendix 1), and match
play then finished with cool-down and stretching (23). The
duration of the intervention was planned to in line with
the recommended guidelines of U.S. Department of Health
and Human Services Centers for Medicare and Medicaid
Services (2003) of 2 sessions per week and 90 minutes per
session (24); however, in considering the physical status of
disabled students as well as the fixed time period of the
schools’ physical education lesson, the intervention fre-
quency and duration were being restricted. The interven-
tion program was designed by the second author, a physi-
cal education specialist who first developed and promoted
light volleyball and sitting light volleyball in Hong Kong,
and she is a former player in the Hong Kong National Vol-
leyball Team as well.

3.2.2. Fitness Test Measurement

The Brockport physical fitness test (BPFT) was used to
measure the participant’s fitness level in this study. It is
a criterion-referenced test of fitness, which the included
items and the respected standards that were established
through research findings, norms-referenced data and ex-
pert opinions were used to see whether the values were
seen to be significant for the individual’s health. Another
reason for utilizing this measurement is that the test man-
ual consists of a key element of providing physical fitness
test standards especially for youngsters with disabilities of
age 10 or above (25). The fitness tests used in this study in-
cluded: body mass index (including weight and height),
skinfold test (body composition), handgrip test, dumb-
bell press (5 pounds, muscular endurance) and shoulder
scratch (flexibility) test.

3.2.3. Body Composition

Participants’ body composition were examined by the
body mass index (BMI) by using the body composition ana-
lyzer - TANITA (model MC 780 MA). By using the TANITA, the
analyzer provided assessment results other than weight
and BMI, such as predicted muscle mass (PMM), fat mass
(FM), as well as skeletal muscle index (SMI). SMI is the ra-
tio of the muscles in the arms and legs to the height (26).
The skeletal muscle index (SMI) is also considered as worth
reporting within the physical disability students’ popula-
tion. The skeletal muscle index is able to identify possible
loss in muscle mass. This condition can also be called as
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sarcopenia, and the ideal SMI is ranged from 5.67 to 7.23. Ac-
tually, this condition is usually reflected on the ageing pop-
ulation, however concerning the participants of the cur-
rent study is students with physical disabilities that, func-
tional impairment and physical disability tended to show
a significant association with low skeletal muscle mass (27,
28). Nevertheless, it is worth noting that some of the par-
ticipants were using wheelchairs so they were not able to
stand on the TANITA, body composition analyses reports
were not possible to generate, thus leading to the missing
values in weight and BMI. But still, their height was mea-
sured by soft tape with participants at a lied down position
on an exercise mat. By the same token, the skinfold test
(triceps) was applied to all participants for measuring the
level of estimated body fat, using the skinfold caliper (25).

3.2.4. Musculoskeletal Functioning

Musculoskeletal functioning in this study included
muscle strength and muscle endurance (29). First, the
handgrip test was used to measure the maximum mus-
cle strength (in kg) of individuals. The subjects were told
to grip the handle of the dynamometer and squeeze it
with maximum strength. Participants performed two tries
for both hands and rest time was given in between them
(20, 25). Secondly, the dumbbell press was conducted to
examine the strength and endurance of one’s arms and
shoulders. Participants were asked to sit still, either in a
wheelchair or a stable chair, and to lift a 5-pound dumbbell
as many times as possible. The whole process was served
by a physical education student helper for safety consider-
ations (25). Both hands were measured with only one at-
tempt.

3.2.5. Flexibility

Finally, a shoulder stretch test was used to assess the
upper-body flexibility of the participants. The test was to
measure the distance (cm) in between the fingertips of two
hands placed behind the back, with one arm reached over
the shoulder and with another one down the back. The test
measured both hands entitled “right” or “left” on the basis
of the arm reaching over the shoulder (25).

3.3. Limitations

A limitation we would have to point out is that, all stu-
dents who participated were recommended and approved
by the school teacher and the occupational therapist of the
school. Therefore, this operation may reduce the reliabil-
ity and validity of the research due to the non-randomized
sample. Despite that, researchers think that it is acceptable
as it would be considered as more ethical for students with

physical disabilities and to avoid possible risks of activity
injuries.

3.4. Statistical Analysis Method

The IBM SPSS Statistics 25 was used to carry out all statis-
tical analysis. The current study was an experimental inter-
vention research, a more conservative approach, intention
to treat (ITT) analysis was adopted so that the data were an-
alyzed according to the preliminary arrangement, regard-
less of what the subject actually received or other comor-
bidities that the subjects have engaged in. Also, the last
observation carried forward (LOCF) method (29), was used
to manage the missing data. Descriptive statistics were
also used to indicate the demographic information and
the body composition results of the participants. While,
due to the small sample size, the nonparametric Wilcoxon
signed rank test was used to analyse the one-group pretest-
posttest differences.

4. Results

4.1. Descriptive Statistics

A total of 18 subjects were included in the statistical
analysis, excluded one subject who did not complete the
pre-test. Among the 18 subjects, (5 from school A and 13
from school B), there were 8 males and 10 females, with
over half of them aged between 16 - 20 and the average
age at 18.6 years old (Table 1). Overviewing the body com-
position status of all the subjects, the participants were
equipped with healthy body composition (i.e., BMI ranged
between the fifth and 85th percentile (30), with the average
BMI at 20.43 (SD = 3.77), which is considered as within the
healthy weight range (31). Additionally, the SMI of the par-
ticipants were all above the desirable range, with mean at
around 6.9 (Table 2).

4.2. Body Composition

Regarding the pretest-posttest differences on aspects
of body composition, the Wilcoxon signed rank test did
not reveal any significant results on all related aspects, in-
cluding BMI, skinfold test (triceps), fat mass (FM) and pre-
dicted muscle mass (PMM). But still, the descriptive statis-
tics showed a slight increase in the overall mean of the BMI,
FM and SMI (27, 28). Therefore, whether a longer interven-
tion program is able to reveal a positive body composition
change among students with physical disability is still con-
sidered as uncertain (Table 2).
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4.3. Musculoskeletal Functioning and Flexibility

Apart from the descriptive means demonstrate in Ta-
ble 3, the pre-test and post-test differences on the handgrip
test, dumbbell press and shoulder stretch test were shown
by the statistical results generated from the nonparamet-
ric Paired t-test, Wilcoxon signed rank test. The results
showed that the median of the post-test of both dumbbell
press test (dominant and non-dominant hands) was sig-
nificantly higher than that in pre-test, with Z = 2.94, P =
0.003; Z = 2.82, P = 0.005. While, the flexibility of the right
hand also showed a significant median improvement on
the post-test, with Z = 2.20, P = 0.028. The Wilcoxon signed
rank test thus demonstrated that the subjects have shown
significant improvements in muscle endurance as well as
flexibility.

Table 1. Descriptive Statistics

Valuesa

Gender

Male 8 (44.4)

Female 10 (55.6)

Total 18 (100.0)

Age

10 - 15 2 (11.1)

16 - 20 10 (55.6)

20 - 25 4 (22.2)

Total 18.56 ± 3.24

aValues are expressed as No. (%) or mean ± SD.

Table 2. Descriptive Statistics for Body Composition (N = 13)

Aspects Mean ± SD

Weight

Pretest 48.71 ± 10.99

Posttest 49.12 ± 11.02

BMI

Pretest 20.43 ± 3.77

Posttest 20.63 ± 3.72

FM

Pretest 11.78 ± 6.83

Posttest 12.71 ± 6.23

PMM

Pretest 35.02 ± 8.39

Posttest 34.53 ± 7.19

SMI

Pretest 6.89 ± 0.90

Posttest 6.98 ± 0.99

Table 3. Descriptive statistics for musculoskeletal functioning and flexibility

Aspects Mean ± SD

Handgrip-D

Pretest 15.51 ± 11.08

Posttest 15.23 ± 10.19

Dumbbell press-D

Pretest 16.94 ± 13.51

Posttest 35.06 ± 18.23

Flexibility-D

Pretest -12.18 ± 21.88

Posttest -15.93 ± 20.38

Handgrip-nonD

Pretest 14.51 ± 11.03

Posttest 14.63 ± 9.81

Dumbbell press-nonD

Pretest 15.39 ± 16.15

Posttest 33.11 ± 18.31

Flexibility-nonD

Pretest -10.43 ± 21.10

Posttest -15.92 ± 20.38

Abbreviations: D, dominant hand; nonD, non-dominant hand; SD, standard de-
viation.

5. Discussion

To conclude, the current 10-week sitting light volleyball
intervention program applied on students with physical
disabilities, is aimed at examining its effect in improving
their physical fitness based on the Brockport physical fit-
ness test (BPFT) measurement. The intervention program
showed no significant effect on the aspects of body com-
position but did show significant improvement in muscle
endurance (using dumbbell press test) and flexibility (us-
ing shoulder stretch test).

First, it is acceptable that there were less likelihood
to have a significant differences on that of BMI and mus-
cle mass (body composition), as it was seen as difficult to
have a notable change after a short duration of interven-
tion (i.e., 10-week); in addition, the intervention has only
consisted of one session per week (32). Simultaneously,
the energy demand of playing volleyball is being catego-
rized as aerobic, in which it requires the usage of large
muscle groups and maintained continuously for at least
20 minutes (33). We, therefore, expected the changes in
body composition may become significant when we ex-
tend the intervention duration and dosage in the future.
More than that, there were still inconsistent outcomes in
the literature regarding whether aerobic exercise or resis-
tance training is more effective in reducing and maintain-
ing body weight (34). Research indicated that aerobic-only
exercise group and aerobic-resistance exercise group sig-
nificantly reduce obese adults’ body weight and fat mass,
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but not in the resistance-only exercise group. In contrast,
exercise groups with resistance exercises showed a greater
change in lean body mass compared to aerobic exercise
(35). Other than the type of exercises, weight compensa-
tion for aerobic exercise training is also another possible
factor affecting the effectiveness of weight loss. The re-
search highlighted that it was possible to achieve signifi-
cant weight loss with high volume aerobic exercise train-
ing under caloric restriction (36). It is because participants
would easily increase their energy and fat intake (37) af-
ter aerobic exercise training; while it has been concluded
that dietary compensation and low aerobic exercise dose
have limited the expected weight loss from aerobic exer-
cise training.

Research has also revealed that aerobic endurance
training tended to have a larger percentage of improve-
ment on upper-body muscle endurance compared with
that of muscle strength (38). In line with the context of the
intervention program, participants were mainly engaged
in a continuous practice with less high-intensity anaerobic
acts; therefore, it can explain the outcomes that the sub-
jects have demonstrated significant differences in muscles
endurance rather than in muscle strength.

On the other hand, the program participants only
showed significant differences in the flexibility of the right
hand. It can be interpreted that the majority of the
subjects’ dominant hands are right hand, in which they
tended to use their right hand to hit the ball while the
left hand was used to maintain their body balance; there-
fore, with a higher frequency of reaching out their dom-
inant hand, the flexibility of the right hand tends to be
improved. Moreover, concerning that a cool-down ses-
sion was included after each lesson, that stretching was
shown to be effective in improving the flexibility of volley-
ball players (39). In addition to that, most of the physical
performance-related research only showed the improve-
ment of disabled elderlies’ flexibility in stretching and
balancing exercises, like yoga and vibration exercise, as
well as in resistance training (40-42). Despite having men-
tioned that both elderly and physically disabled have a rel-
atively weak skeletal muscle mass compared to others, in
which may have similar physical movement limitations
(27, 28), the current research discovered that aerobic exer-
cises could improve the flexibility of physical disabilities.

Furthermore, in an informal survey conducted during
the data collection, most of the participants also expressed
their enjoyment and positive feelings towards being phys-
ically active and did think that engaging in physical ac-
tivity enables them to reduce stress or negative emotions.
Hence, other than measuring the change in physical fit-
ness objectively, an extensive intervention program with

follow-up testing can be done to measure the effect of SLVB
in motivating physical disability students to be more phys-
ically active, then to increase their physical activity level as
well as their psychological health. In fact, children with
non-motor disabilities in Hong Kong, like intellectual dis-
ability and visual impairment, were given more opportuni-
ties to engage in sports activity compared with those with
physical (or called as motor) disabilities. Yet, this is due to
the facilities available within schools, the accessibility to-
wards public venues from schools, manpower as well as
the type of disability of the students, would hinder phys-
ically disabled students in engaging in organized physical
activities. Therefore, with the statistical support for the ef-
fect of SLVB, it will be worthwhile to have SLVB to be pro-
moted to all the special education schools in Hong Kong.

5.1. Limitations

Whereas, the small sample size, with only two special
education schools involved, has increased the difficulty of
the study to determine the significant effectiveness of sit-
ting light volleyball in improving the physical fitness of
students with physical disabilities. Also, being a quasi-
experimental research, without a control group, is also a
concern that made the interventional effects less compa-
rable; as well as reduced the prominent aspects of the in-
tervention. Besides, the duration and sessions of the pro-
gram are other concerning issues. It is essential to con-
sider that the physical condition of students in the special
education school might quite vary and that a longer dura-
tion or more sessions may lead to serious fatigue for stu-
dents with a poorer physical condition. Additionally, it is
noteworthy that some of the subjects within the current
study are athletes with disabilities or even para-athletes.
Hence, their professional athlete training was considered
as a confounding variable of the intervention effect; and
yet, it is also a limitation of having the intended-to-treat ap-
proach. However, significant pretest-posttest differences
in two of the physical fitness test items could still conclude
that this pilot intervention study does provide preliminary
evidence that sitting light volleyball has a potential effect
on enhancing the physical fitness of students with physical
disabilities, thus the intervention scale should be enlarged
for future implication.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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