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Abstract
Introduction: Over the last few decades, the quality of care and the quality of life of nursing home (NH) residents
have significantly improved, but insufficient physical activity and social involvement still represent substantial
challenges in modern nursing facilities. The main aim of this research was to assess the influence of physical
exercises with dance movement therapy (DMT) elements on strength and other fitness components of the upper
limbs and the overall functional performance of NH residents in wheelchairs compared to standard exercise
programmes and usual care.
Method: The study participants were persons aged 68–85 who lived in NH and used manual wheelchairs as a
primary means of mobility. Individuals meeting the inclusion criteria were assigned to one of the three groups:
Group 1, basic exercise/BE group (n = 55); group 2, physical exercises with elements of dance movement therapy/
PED group (n = 55); and group 3, control group, usual care/CO group (n = 55). The intervention for both exercising
groups consisted of a 30-min session, two times a week, for 12 weeks in total. Outcome assessments were
performed at baseline, 12 weeks after baseline (immediately after the intervention) and 24 weeks after baseline (12
weeks after the intervention). The main outcome was observed for hand grip strength (HGS), while secondary
outcomes for box and block test (BBT), arm curl test (ACT), back scratch test (BS), chair sit-and-reach (CSR), peak
expiratory flow (PEF), Barthel Index (BI), Berg Balance Scale (BBS) and the range of motion of the shoulder.
Results: Prior to the start of the exercise programmes, all the tested groups were homogeneous. After 12 weeks
the PED group presented higher statistically significant scores in HGSL, BBT, ACT, BS, CSR, BI, BBS: p < 0.001 and
HGSR: p = 0.01, compared to the BE group. After 24 weeks from the beginning of the intervention the comparison
between the PED group and the BE group showed statistically significant differences (p < 0.001) in favour of PED
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group in almost all areas: HGSR, HGSL, BBT: ACT, PEF, BS, CSR, BI. After 12 and 24 weeks both intervention groups
performed better than the CO in all measures except for Katz ADL and shoulder extension.
Conclusion: Twelve weeks of physical exercises had beneficial effects on the strength and fitness of the upper
limbs and overall functional performance in both exercise groups. This study demonstrated that group performing
physical exercises with elements of DMT obtained statistically better scores in the majority of analysed domains
than other groups.
Trial registration: The study was registered in the Sri Lanka Clinical Trials Registry (Registration Number - SLCTR/
2018/014 - Date of Registration 16/05/2018. Accessed on https://slctr.lk/trials/1045).
Keywords: Aging, Physical health, Wheelchair user, Nursing homes

Introduction
Demographic projections for the coming years clearly indicate a steady increase in the population of elderly
people; an increased demand for long-term care is also
expected [1]. The ageing of society has prompted the development of social policies that focus on the elderly
and involve the establishment of mechanisms to meet
the needs of seniors [2].
In many countries, numerous nursing home (NH) residents use wheelchairs as a means of mobility [3]. Wheelchairs are an assistive device and are a means of
mobility for NH residents who experience mobility difficulties due to reduced muscular strength, fear of falling,
visual impairment, or pain. The ability to move around
using a wheelchair provides a certain amount of independence in everyday life and thus is a factor influencing
the quality of life [4].
Adroit use of wheelchairs is conditioned by complex
interactions between predictors, such as strength and
flexibility of the upper body, grip strength, overall fitness
of the upper limbs and mental fitness [5].
Many NH residents find it difficult to unlock their
wheelchair to move around, which is the result of poor
muscle strength and low joint mobility [4]. According to
the research conducted, performing moderate-intensity
physical exercise, even at an older age, contributes to an
increase in strength and muscle mass. Additionally, exercise reduces the difficulty of performing daily tasks, increases energy expenditure, and affects the composition of
the body (by replacing body fat with muscle mass) [6, 7].
Upper limb fitness, including manual dexterity, also plays
an important role in everyday life [8].
On a hierarchical structure of disabilities, seniors
are primarily faced with difficulties when performing
activities requiring balance, agility, and strength. Consequently, skills requiring manual dexterity are lost.
The longest lasting skills are the activities associated
with washing one’s face and hands or eating on one’s
own [9, 10]. These studies suggest a complex, multifactorial decline in functional performance of the elderly and it is therefore important to include strategies

aiming at improving both upper and lower limb
fitness, as this is a crucial aspect of maintaining independence in a growing population of elderly people
[11, 12].
Over the last few decades, the quality of care and the
quality of life of NH residents have improved and become
more effective, but studies show that most NH residents
are largely inactive and spend most of their time lying idle
or sitting alone [13, 14]. The lack of appropriate physical
activity deteriorates physical fitness, which may eventually
lead to a further increase in functional limitations and
disability. Moreover, according to the World Health
Organization, deteriorating physical fitness is the greatest
health risk factor for elderly people [15].
Many authors acknowledge that physical activity has a
positive impact on the functional performance of elderly
individuals [16, 17]. In a systematic review of the literature,
Anthony et al. demonstrated a positive impact of exercises
performed by elderly individuals in sitting positions within
three areas: functional performance, cardiopulmonary capacity, and mental health [18]. Furthermore, in their recent
systematic review, Cordes et al. demonstrated that chairbased exercise interventions have a positive effect on the
physical and cognitive functions and psychosocial wellbeing of NH residents [19].
The introduction of dance elements into exercises
combines the benefits of physical activity with psychosocial benefits [20]. Elements of DMT, such as music
and movement exercises or movement improvisations,
effectively improve balance, functional performance, motivation and social integration. Group exercises with
dance elements relieve the feeling of fear and social
isolation [21, 22].
Senior citizens in wheelchairs are a heterogeneous
group with different illnesses, disabilities, and preferences. The current physical activity models do not consider individual deficits and opportunities [23]. The
existing studies do not provide evidence-based guidelines on exercise for NH residents using wheelchairs that
would strengthen their health resources and prevent or
delay the loss of physical function [24].
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A review of the global literature, particularly focused
on randomized control studies, allowed for us to identify
a small number of reports on the impact of physical activities on the functional performance of elderly people,
wheelchair users, and NH residents [19, 25]. For example, Chen et al. showed that wheelchair-bound elastic
band exercises, significantly improved the functional
performance of older adults with dementia on wheelchairs [26]. Thurm et al. reported that a 10-week multimodal movement intervention performed in the sitting
position can slow cognitive deterioration of NH residents with dementia and physical frailty [27]. Eyigor
et al. showed that folk dance improves physical fitness
and some domains in the quality of life scale among
healthy women [28]. However, Murrock and Graor indicated that a 12-week dance intervention may be an effective adjunct therapy to diminish depression and
disability and to improve physical functioning among
underserved adults [29].
Chin et al. demonstrated in their systemic review that
the impact of physical exercises taken by elderly persons
on their fitness is not unequivocal. Although physical
training improves functional performance, the authors
suggest that further high-quality studies are required to
determine the most effective exercise programme [30].
A taskforce, under the auspices of The International Association of Gerontology and Geriatrics-Global Ageing
Research Network (IAGG-GARN) and the IAGG European Region Clinical Section drew the first recommendations by proposing a complex programme of exercises
performed in small groups. Experts recommend the inclusion of stimulating and motivating features, such as
music. They also emphasize that detailed guidelines for
seniors with impaired mobility are not available [31].
Although previous studies have shown consistent results on the beneficial health effects of exercise, there
has been no scientific study on the health-promoting effects of DMT in elderly NH residents in wheelchairs.
The main aim of this research was to assess the influence of physical exercises with DMT elements on the indicators related to strength and fitness of upper limbs
and overall functional performance of elderly NH residents in wheelchairs compared to the standard exercise
programme and usual care.
We hypothesize that the most significant improvements in strength and fitness of the upper limb and
overall functional performance are observed among
people who perform physical exercises with elements of
DMT.

Materials and methods
Trial design

Our study was a randomized controlled trial (RCT) with
three groups: group 1, basic exercise (BE); group 2,
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physical exercise with elements of dance movement
therapy (PED); and group 3, usual care (CO). Outcome
assessments were performed at baseline, 12 weeks after
baseline (immediately after the intervention) and 24
weeks after baseline (12 weeks after the intervention).
The study was registered in the Sri Lanka Clinical Trials
Registry (Registration Number - SLCTR/2018/014 - Date
of Registration 16/05/2018. Accessed on https://slctr.lk/
trials/1045).
Participants

The study was conducted in five randomly selected NHs
for elderly people suffering from chronic physical
illnesses in southeastern Poland (the region of the Podkarpackie voivodeship). Participants who were eligible
for the trial were required to comply with the following
criteria: age, 65–85 years; Mini-Mental State Examination (MMSE) score, ≥ 19 [32]; Geriatric Depression
Scale (GDS) score, ≤ 10 points [33]; use of a manual
wheelchair as the primary mean of mobility; Berg Balance Scale (BBS) score, 4 < 21 points [34]; Barthel Index
(BI) score, 21 < 75 points [35]; and suffered no severe
physical disease that could affect participation in the
study. The exclusion criteria were: symptoms of cardiovascular diseases, severe systemic diseases, severe circulatory or organic insufficiency, severe neurological
disorder and lack of consent to participate in the study.
Figure 1, a CONSORT flow diagram, shows the number
of participants in particular study arms at each stage of
the research.
Interventions

The intervention for both exercising groups consisted of
a 30-min session, two times a week, for 12 weeks in
total. Exercises were conducted in subgroups of 6–8
people. The exercise interventions were conducted only
in seated position (in wheelchairs). The intensity of effort was moderate on the Borg scale: 11–13 points.
Before and after each workout, blood pressure and heart
rate were measured and noted.
For the purposes of the exercise programme, 5 qualified physiotherapists were employed. Prior to the intervention, each therapist was instructed in a field of
exercise programmes and then randomly assigned to
one of the NHs. To eliminate the possibility of differences in programme realization and to ensure the required quality of the intervention, the instructors were
periodically interchanged between particular facilities
and were under constant supervision of the coordinator.
In addition to conducting the exercise programmes, the
therapists also monitored and reported any complications that occurred, e.g., pain or injury. Based on their
surveillance, the research coordinator could exclude
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Fig. 1 Flow diagram of participants through the study

participants from the study in case of any health
problem.
The subjects were randomly assigned to one of the
three groups:
Group 1, basic exercises (BE): The programme
included exercises performed in wheelchairs, including
the elements of active, stretching and balance exercises.
The exercises were performed according to the following
scheme: warm-up (10 min), simple exercises focused on
the upper part of the body, such as arm rotation, arm
and elbow joint flexing, wrist turning, hand closing and
opening, and bending and unbending of the body; main
part (15 min), slow active exercises and flexibility and
balance exercises; and cool-down (5 min), muscle-

relaxing and calming exercises for lowering the heart
rate and Stretching exercises for increasing joint mobility of the upper limbs [36].
Group 2, physical exercises with elements of dancing
(PED): This programme included exercises performed in
wheelchairs. The exercises were performed according to
the following scheme: warm-up (5 min), the person conducting the exercises started the session with rhythmic
hand clapping to the background music. The participants followed the physiotherapist and simulated activities and phenomena such as driving a car, rustling trees,
and collecting fruits, to prepare the upper body muscles;
main part (20 min), dance-movement exercises. This
phase consisted of simple, easy-to-repeat moves
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performed in a sitting position (in a wheelchair). The
physiotherapist demonstrated a sequence of moves without music, and then the group repeated the sequence to
carefully selected and prepared music such as the chacha, Zumba, the jive, the macarena, and the hula dance.
The example sequence may contain the following moves:
hand clapping, wrist turning, and arm and body waving.
Additionally, gymnastic accessories, such as sticks, dumb
bells, balls, and elastic bands (thera-bands), were used.
Each exercise programme contained strengthening and
balance exercises. The music was changed each week for
6 weeks and then repeated for another 6 weeks. The
character and tempo of the music samples used during
sessions were matched for perceptive and mobility capabilities of the elderly. At the end of the main part, the
participants were asked to perform spontaneous motive
improvisation to stimulate imagination, creativity, and
self-expression. Interactions between the subjects were
to improve communication and social skills; and cooldown (5 min), simple stretching and breathing exercises
with a background of peaceful and relaxing music. After
physical activities, the therapist initiated a short discussion on feelings and impressions regarding the exercise
session [37].
Group 3, usual care (CO): In the control group, the
participants were engaged in their regular daily activities
and did not receive any therapeutic intervention.
Outcome measures

Data were collected at baseline and 12 weeks and 24
weeks after the beginning of the intervention. Data regarding age, gender, education, marital status, years in a
NH, years of wheelchair dependence, and chronic diseases were taken from the records kept by the care
homes and gathered during interviews with the participants by trained research assistants who were blinded to
group assignment. Cognitive status and depression were
also assessed by the MMSE [32] and GDS scales [33].
Main outcome

Grip strength – Hand grip strength (HGS) was tested
using a hand dynamometer (JAMAR plus + hydraulic
hand dynamometer, Patterson Medical). Following the
recommendations of the American Society of Hand
Therapists, the test was performed in a sitting position
on a chair without armrests, with the person’s feet resting flat on the floor. The elbow joint angle was 90 degrees, and the forearm was in a neutral position. When
asked, the participant performed the maximum squeeze
of the dynamometer for 6 s. The test was repeated three
times. There was a resting period between each
squeeze. The mean value of three squeezes was
accounted for (in kg) [38].
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Secondary outcomes

Upper limb movement was measured using a box and
block test (BBT). The test is performed using a box with
dimensions of 53.7 × 25.4 × 8.5 cm, divided into two
compartments by a partition. In one compartment, there
were 150 wooden blocks, each having dimensions of
2.5 × 2.5 × 2.5 cm. The box was placed on a table, with
the compartment holding the blocks oriented towards
the dominant hand. The participant was asked to move,
one by one, the maximum number of blocks from one
compartment of a box to another, within 60 s. Higher
test scores were indicative of better overall manual
dexterity [39].
Strength and endurance test of upper limbs (arm curl
test, ACT) – the goal was to complete as many curls as
possible in 30 s. The participant sat on a chair, holding a
weight of 2.27 kg or 3.63 kg for women and men, respectively. The arm on the dominant side should be
immovable, and the arm should hold the weight facing
towards the body. The score was the total number of
completed curls [40]. The patient’s arm was facing
down, along the chair back, perpendicular to the floor,
with the forearm and hand in an intermediate position.
At the assistant’s signal, the subject performed a bend in
the elbow with supination of the forearm and returned
to the starting position.
The range of motion (ROM) of the shoulder was measured using a dominant arm goniometer based on the
standardized measurement procedure in physical therapy. The ROM measurement included shoulder flexion,
abduction, and extension of the dominant side. The
ROM of joint action was measured three times, and the
averaged number was used [41].
Assessment of upper body flexibility (back scratch test,
BS): this test required the participant to bring together the
fingers of both hands behind their back – with one arm
placed over the upper body and the other arm behind the
lower back. The distance between the fingertips of both
hands was measured. The score given in centimetres (if the
fingers overlapped, a positive score was recorded; if the fingertips did not touch, a negative score was recorded) was the
indicator of the test. Assessment of lower body flexibility
(chair sit-and-reach, CSR): the test required the participant
sitting on the edge of a chair to reach forward toward the
toes by bending at the hip. The distance is measured between the tip of the fingertips and the toes [42].
Lung capacity was measured based on peak expiratory
flow (PEF) and forced expiratory volume in 1 s (FEV1)
using a peak flow meter (Peak Flow Metre Microlife PF
100, measuring range: 50–900 l/min and FEV1–0,01–9,
99 l). Participants took a deep breath and blew air into
the meter as fast as they could. For PEF and FEV1, at
least three measurements were performed and the best
values were selected [43].
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Daily functioning was assessed using the Barthel Index
(BI). This tool determines the level of independence in
terms of self-sufficiency, mobility, personal hygiene and
control over sphincters. The maximum score is 100
points. The interpretation of the individual scores follows the description of the ranges they fit in: 91–100, independent; 62–85, dependent; 21–61, almost completely
dependent; and 0–20, completely dependent [44]. To assess the level of independence of older adults, the Katz
Index of Independence in Activities of Daily Living
(ADL) was used. A score of 6 indicates full functioning,
4 indicates moderate impairment, and 2 or less indicates
severe functional impairment [45].
The Berg Balance Scale (BBS) was used to examine
elderly people’s static and dynamic balance. Participants
were asked to perform 14 types of predetermined movements in a standing and sitting position. A maximum
score of 56 points is possible. A score below 20 points
indicates a high risk of falling and the need to use a
wheelchair by the participants [34].
Sample size

The sample size was estimated from an a priori power
analysis to detect the statistically significant effects of exercise [46]. The sample size was chosen according to the
Cohen method, using standard assumptions: 0.05 for significance level, 0.8 for power of test, and 0.5 for effect
size, accounting for, according to Cohen, a medium effect size [47]. Based on hand grip strength 37 participants per group were required. To compensate for a
possible dropout rate of 20%, our recruitment target per
group was 45 NH residents. As more residents wanted
to take part in the programme, we decided to include
more participants than required.
Randomization

A central computerized randomization procedure was
used to randomly allocate a total of 165 participants: 55
in the basic exercise group (BE), 55 in physical exercises
with elements of dancing group (PED), and 55 in the
control group (CO). The randomization sequence was
generated in blocks, and intervention was allocated by a
supervisor researcher who was not involved in the enrolment, intervention, or assessment.
Statistical methods

Descriptive statistics were used to describe and compare
sociodemographic data of participants between groups.
Descriptive characteristics are presented as the mean
and standard deviation or as a number and percent
when appropriate. The comparison of the values of
qualitative variables in the groups was performed using
the chi-square test. One-way ANOVA was used to assess
the differences between groups at the time points post
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and follow-up. When a significant p-value was obtained,
Bonferroni post hoc procedures were used to evaluate
pairwise differences. The mean difference between treatment groups and the confidence intervals for quantitative variables were also determined. Analyses were
conducted at a 0.05 level of significance. A standard perprotocol analysis was performed for each outcome. The
analysis was conducted using SPSS Pack 25.0 together
with the Exact test module.

Results
Demographic and baseline scores

Six hundred and fifteen participants were screened for
eligibility, of which 165 were included. Three hundred
and seventy-three individuals did not meet the inclusion
criteria, and ninety-two refused to participate. The most
common reasons for declining to participate were illnesses, reluctance to attend appointments twice a week,
and personal reasons interfering with commitment.
Seven participants in the BE group, six in the PED
group and eight in the control group (CO group) did
not complete the study for the following reasons: illnesses not related to training (BE: n = 3; PED: n = 3; CO:
n = 3), loss of interest in the research (BE: n = 2; PED:
n = 1; CO: n = 3), poor adherence (BE: n = 1; CO: n = 1),
death (CO: n = 1), and relocation (BE: n = 1; PED: n = 2).
Dropout rates for each group were as follows: BE, 12.7%;
PED, 10.9%; and CO, 14.6%. The classification of the
study participants can be seen in a flow diagram (Fig. 1).
Out of 165 randomized participants, 144 (87.3%) completed the 24-week assessment. The distribution of the
surveyed participants across groups was as follows: BE
group, 47 participants; PED group, 48 participants; and
CO group, 47 participants.
Prior to the start of the exercise programmes, all the
tested groups were comparable to one another in terms
of cognitive state, functional performance including grip
strength, manual dexterity, upper and lower limb endurance, upper and lower body flexibility, range of shoulder
mobility, lung capacity, balance and sociodemographic
characteristics, except for education level and musculoskeletal diseases. The subjects from the PED group
showed a higher level of education than the BE and CO
groups. The percentage of people with musculoskeletal
diseases was higher in the CO group than in the other
groups (Table 1).
The average age of the participants was 74.35 years
(SD = 7.33), and no statistically significant differences
were found between the groups examined with respect
to this parameter.
In the study group, 138 people had dominant right
upper limb, and 27 people indicated that the left upper
limb was dominant.
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Table 1 Sociodemographic and clinical characteristics of the participants
Variable

BE group
(n = 55)

PED group
(n = 55)

CO group
(n = 55)

Number (%) Mean (SD)

p - value

Sociodemographic and clinical
Sex

Marital status

Education

Length of NH residency

Length of wheelchair
dependence

Chronic disease

Female

30 (54.55)

36 (65.45)

32 (58.18)

Male

25 (45.45)

19 (34.55)

23 (41.82)

Married

9 (16.36)

2 (3.64)

6 (10.91)

Widow / widower

25 (45.45)

28 (50.91)

20 (36.36)

Divorced

9 (16.36)

10 (18.18)

9 (16.36)

Single

12 (21.82)

15 (27.27)

20 (36.36)

Basic

18 (32.73)

8 (14.55)

24 (43.64)

Vocational

33 (60.00)

40 (72.73)

26 (47.27)

Higher

4 (7.27)

7 (12.73)

5 (9.09)

< 12 moths

6 (10.91)

6 (10.91)

2 (3.64)

1–5 years

15 (27.27)

16 (29.09)

14 (25.45)

6–10 years

27 (49.09)

26 (47.27)

24 (43.64)

0.249c

0.020c*

0.319c

over 10 years

7 (12.73)

7 (12.73)

15 (27.27)

< 12 months

1 (1.82)

1 (1.82)

1 (1.82)

1–5 years

27 (49.09)

27 (49.09)

22 (40.00)

6–10 years

25 (45.45)

24 (43.64)

23 (41.82)

over 10 years

2 (3.64)

3 (5.45)

9 (16.36)

Cardiovascular

39 (70.91)

41 (74.55)

37 (67.27)

0.703c

Musculoskeletal

20 (36.36)

31 (56.36)

32 (58.18)

0.040c*

Neurological

39 (70.91)

39 (70.91)

35 (63.64)

0.638c

Pulmonary

15 (27.27)

7 (12.73)

9 (16.36)

0.127c

Urinary system

16 (29.09)

10 (18.18)

16 (29.09)

0.317c

Otological

19 (34.55)

15 (27.27)

18 (32.73)

0.694c

Ophtamological

20 (36.36)

16 (29.09)

22 (40.00)

0.475c

Digestive system

8 (14.55)

10 (18.18)

7 (12.73)

0.719c

5.58 (2.68)

5.44 (2.69)

5.45 (2.46)

0.951b

24 (43.64)

22 (40.00)

29 (52.73)

0.385c

GDS

5.49 (2.60)
No depression 0–5
Moderate depression 6–10

0.332c

31 (56.36)

33 (60.00)

26 (47.27)

24.67 (3.40)

25.13 (3.38)

25.02 (3.36)

0.763b

Normal cognition 30–27

18 (32.73)

22 (40.00)

19 (34.55)

0.723c

Cognitive impairment without dementia
26–24

15 (27.27)

12 (21.82)

18 (32.73)

Mild cognitive impairment 23–19

22 (40.00)

21 (38.18)

18 (32.73)

Right

47 (85.45)

49 (89.09)

42 (76.36)

MMSE

Dominant limb

0.495c

24.94 (3.37)

Left
Age [years]
Body mass [kg]

74.35 (7.33)

8 (14.55)

6 (10.91)

13 (23.64)

74.40 (8.09)

74.51 (7.37)

74.13 (6.59)

0.178c
0.962b

161.62 (10.13) 73.61 (14.21) 70.76 (14.06) 68.40 (16.27) 0.188b

Height [cm]

70.92 (14.94) 161.80
(10.91)

161.69 (9.58) 161.38
(10.03)

0.975b

BMI [kg/m2]

27.02 (4.44)

26.92 (3.99)

0.057b

28.08 (4.38)

26.07 (4.76)
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Table 1 Sociodemographic and clinical characteristics of the participants (Continued)
Variable

BE group
(n = 55)

PED group
(n = 55)

CO group
(n = 55)

Number (%) Mean (SD)

p - value

Main Outcome
HGS R [kg]

12.79 (5.43)

12.67 (5.38)

12.74 (5.69)

12.97 (5.30)

0.955b

HGS L [kg]

11.22 (4.52)

11.14 (4.31)

11.09 (4.53)

11.43 (4.79)

0.916b

Manual dexterity and

BBT [x]

27.42 (9.96)

27.40 (9.55)

27.42 (9.42)

27.45 (11.02) > 0.999b

endurance of the upper limb

ACT [x]

9.17 (3.68)

9.11 (3.80)

9.11 (4.01)

9.29 (3.24)

0.957b

Joint mobility

Shoulder flexion [degree]

131.55
(23.31)

129.73
(17.54)

0.886b

Muscle strength

Secondary Outcomes

Shoulder extension [degree]

Flexibility Assessment

Lung capacity

Functional Assessment

Body Balance Assessment

130.48 (20.10) 130.18
(19.34)

44.45 (17.29) 43.53 (26.76) 44.91 (9.35)

44.91 (10.16) 0.891b

Shoulder abduction [degree]

126.94 (18.96) 125.49
(18.45)

126.96
(20.23)

128.36
(18.39)

0.732b

BS R [cm]

−37.74 (22.36) −37.58
(20.23)

− 37.02
(24.48)

− 38.62
(22.55)

0.931b

BS L [cm]

−39.30 (22.96) − 39.27
(21.72)

− 39.25
(24.77)

−39.38
(22.72)

> 0.999b

CSR R [cm]

−12.33 (18.10) −12.35
(19.88)

−12.47
(13.93)

− 12.18
(20.16)

0.996b

CSR L [cm]

−12.45 (17.52) −12.42
(17.27)

− 12.47
(13.49)

− 12.45
(21.30)

> 0.999b

PEF [l/min]

149.28 (42.97) 151.22
(46.59)

147.05
(43.39)

149.56
(39.29)

0.879b

FEV1 [l]

1.17 (0.44)

1.10 (0.45)

1.14 (0.43)

1.27 (0.43)

0.105b

Katz ADL

4.26 (1.10)

4.24 (1.11)

4.27 (1.11)

4.27 (1.09)

0.980b

BI

54.18 (11.56) 54.09 (12.73) 54.36 (12.06) 54.09 (10.23) 0.990b

BBS

12.41 (5.60)

12.38 (6.34)

12.67 (5.14)

12.18 (5.33)

0.900b

BE basic exercises group; PED physical exercises with elements of dancing group; CO control group; *, statistical significance; chi-square test; , One-way ANOVA,
SD standard deviation; GDS Geriatric Depression Scale; MMSE Mini-Mental State Examination; BMI body mass index; HGSR right-hand grip strength; HGSL left-hand
grip strength, BBT box and blocks test; ACT arm curl test; BSR back scratch right arm over; BSL back scratch left arm over; CSRR chair sit-and-reach for right leg;
CSRL, chair sit-and-reach for left leg; PEF Peak expiratory flow; FEV1 forced expiratory volume in 1 s; ADL Activities of Daily Living; BI Barthel Index; BBS Berg
Balance Scale;
c,

The mean right-hand grip strength (HGSR) score
for the total was 12.79 kg (SD = 5.43), and the lefthand grip strength (HGSL) was 11.22 kg (SD = 4.52).
The BBT test result for the entire test group was
27.42 blocks (SD = 9.96), and the average ACT was
9.17 repetitions (SD = 3.68). On the other hand, the
average BBS score for the entire group was 12.41
(SD = 5.60). The demographic data of the participants and the basic parameters are summarized in
Table 1.
Between-group comparisons over timepoints
Between-group comparisons at 12 weeks

Main outcome At 12 weeks of exercise and monitoring,
the largest statistically significant change in HGS was recorded in the PED group, compared with the CO group
(HGSR, HGSL: p < 0.001) and between BE group compared with the CO group (HGSR, HGSL: p < 0.001). In

b

the PED group, HGS significantly improved, in comparison to the BE group (HGSR: p = 0,01and HGSL:
p < 0.001) (Table 2.).

Secondary outcomes Analysis of data collected after 12
weeks revealed that the PED group presented higher statistically significant scores in BBT, ACT, BSR, BSL, CSRR, CSRL,
BI: p < 0.001 and BBS: p = 0,02 compared to the BE group.
No statistically significant differences regarding the time span
in question were noted for joint mobility and PEF, when
comparing the PED vs. BE groups. In the PED group BBT,
ACT, shoulder flexion, extension, abduction, PEF, FEV1, BS,
CSR, ADL, BI, BBS, significantly improved (p < 0.001), in
comparison to the CO group.
Accordingly, there was a statistically significant difference
between the BE and CO groups in the following variables:
BBT, ACT, shoulder flexion and abduction, PEF, FEV1, BSR,
BSL, CSRR, CSRL, BBS: p < 0.001 and BI: p = 0,05 (Table 2).
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Table 2 Mean difference scores for each group across time and between-group comparisons at 12 weeks and 24 weeks
Variable

BE
group
(n = 52)

PED
group
(n = 51)

CO group
(n = 50)

PED
PED vs
vs BE CO

Baseline—12 weeks
Mean change from baseline
(95% CI)

BE vs BE
CO
group
(n = 48)

After
12
weeks

PED
group
(n = 49)

CO group
(n = 47)

Baseline—24 weeks
Mean change from baseline
(95% CI)

PED
PED
vs BE vs
CO

BE vs
CO

After 24 weeks

Main Outcome
HGS R [kg]

5.54
(4.89;
6.19)

6.77 (6.04;
7.50)

−0.77
(−1.06; −
0.48)

p<
0.001*

p<
4.51
0.001* (3.84;
5.18)

6.42 (5.72;
7.11)

−1.42 (−
1.80; −
1.04)

p<
p<
p<
0.001* 0.001* 0.001*

HGS L [kg]

6.60
(6.08;
7.11)

8.05 (7.51;
8.60)

−0.40 (−
p<
p<
0.56; − 0.24) 0.001* 0.001*

p<
6.12
0.001* (5.64;
6.61)

7.76 (7.22;
8.30)

−0.95
(−1.22; −
0.69)

p<
p<
p<
0.001* 0.001* 0.001*

p = 0,
01*

Secondary Outcomes
Manual
dexterity

BBT

9.50
(8.85;
10.15)

12.90
(11.62;
14.18)

−1.50
(−2.01;
−0.99)

p<
p<
0.001* 0.001*

p<
8.88
0.001* (8.15;
9.60)

13.00
(11.69;
14.31)

−2.49
(−3.15;
−1.82)

p<
p<
p<
0.001* 0.001* 0.001*

Arm strength
and
endurance

ACT

2.56
(1.98;
3.13)

3.71 (3.13;
4.28)

−0.52
p<
p<
(−0.86; 0.18) 0.001* 0.001*

2.40
p<
0.001* (1.78;
3.01)

3.67 (3.12;
4.22)

−0.83
(−1.24; −
0.42)

p<
p<
p<
0.001* 0.001* 0.001*

Joint mobility

Shoulder
flexion
[degree]

10.38
(7.58;
13.19)

10.88
(7.91;
13.85)

−1.80
(−2.94;
−0.66)

p>
0.999

p<
0.001*

p<
5.52
0.001* (−0.03;
11.07)

9.69 (6.64;
12.75)

−3.83
(−5.40;
−2.26)

p = 0,
35

p<
p<
0.001* 0.001*

Shoulder
extension
[degree]

4.92
(−2.95;
12.80)

9.71 (8.01;
11.40)

−2.30
(−3.26;
−1.34)

p = 0,
46

p<
0.001*

p = 0,
10

9.49 (7.75;
11.23)

−2.21
(−3.57;
−0.86)

p = 0,
33

p<
p = 0,
0.001* 33

Shoulder
abduction
[degree]

11.87
(8.85;
14.89)

14.94
(12.19;
17.69)

−3.66
(−4.80;
−2.52)

p = 0,
23

p<
0.001*

p<
11.42
0.001* (8.23;
14.61)

14.67
(11.93;
17.42)

−4.02
(−5.23;
−2.81)

p = 0,
21

p<
p<
0.001* 0.001*

PEF

39.83
(32.10;
47.56)

56.10
(41.99;
70.21)

−21.62 (−
28.59;
−14.65)

p = 0,
07

p<
0.001*

p<
9.98
0.001* (2.90;
17.06)

41.14
(29.23;
53.06)

−29.23
(−37.40;21.07)

p<
p<
p<
0.001* 0.001* 0.001*

FEV1

0.46
(0.36;
0.56)

0.71 (0.59;
0.84)

−0.15
(−0.20;
−0.11)

p<
p<
0.001* 0.001*

p<
0.23
0.001* (0.15;
0.32)

4.15
(−3.44;
11.74)

−0.36 (−
0.44; −
0.28)

–

BS R [cm]

8.13
(7.01;
9.26)

14.82
(11.84;
17.81)

−1.20
(−2.23; −
0.17)

p<
p<
0.001* 0.001*

p<
6.81
0.001* (5.79;
7.84)

13.51
(10.82;
16.20)

−1.79
(−2.96;
−0.62)

p<
p<
p<
0.001* 0.001* 0.001*

BS L [cm]

9.38
(7.71;
1.06)

14.57
(11.38;
17.76)

−1.66
(−2.65;
−0.67)

p<
p<
0.001* 0.001*

p<
8.23
0.001* (6.63;
9.83)

14.00
(10.64;
7.36)

−1.34 (−
p<
p<
p<
1.75; −0.93) 0.001* 0.001* 0.001*

CSR R [cm]

7.90
(5.37;
10.43)

12.98
(10.76;
15.20)

−1.12 (−
1.59; −0.65)

p<
p<
0.001* 0.001*

p<
7.63
0.001* (4.94;
10.31)

12.82
(10.55;
15.08)

−2.17
(−2.72;
−1.62)

p<
p<
p<
0.001* 0.001* 0.001*

CSR L [cm]

7.17
(5.70;
8.64)

11.92
(9.93;
13.91)

−0.62
p<
p<
(−1.35; 0.11) 0.001* 0.001*

p<
6.58
0.001* (5.17;
7.99)

11.78
(9.79;
13.76)

−1.77
(−2.59;
−0.94)

p<
p<
p<
0.001* 0.001* 0.001*

Katz ADL

0.04
(−0.10;
0.17)

0.18 (0.03;
0.32)

0.00 (−0.14;
0.14)

–

–

−0.10 (−
0.29;
0.08)

0.12 (−
0.04; 0.28)

−0.68 (−
0.89;-0.47)

p = 0,
25

BI

0.58
(−0.23;
.39)

3.92 (2.53;
5.31)

−1.40
(−2.59; −
0.21)

p<
p<
0.001* 0.001*

p = 0,
05*

−0.42 (−
1.25;
0.42)

2.96 (1.44;
4.48)

−4.26
(−5.93; −
2.58)

p<
p<
p<
0.001* 0.001* 0.001*

BBS

1.90
(1.51;
2.30)

2.59 (2.20;
2.98)

−0.40 (−
p = 0,
0.66; − 0.14) 02*

2.39 (1.99;
2.78)

−0.66 (−
0.95; −
0.37)

p = 0,
15

Lung capacity

Flexibility
Assessment

Functional
Assessment

Body Balance
Assessment

–

p<
0.001*

3.67
(−5.02;
12.35)

p<
1.88
0.001* (1.47;
2.28)

–

–

p<
p<
0.001* 0.001*

p<
p<
0.001* 0.001*

BE basic exercises group; PED physical exercises with elements of dancing group; CO control group; CI confidence interval,; *, statistically significant
result (Bonferroni post hoc procedures); HGSR right-hand grip strength; HGSL left-hand grip strength, BBT box and blocks test; ACT arm curl test; BSR
back scratch right arm over; BSL back scratch left arm over; CSRR chair sit-and-reach for right leg; CSRL chair sit-and-reach for left leg; PEF Peak
expiratory flow; FEV1 forced expiratory volume in 1 s; ADL Activities of Daily Living; BI Barthel Index; BBS Berg Balance Scale. One-way ANOVA was used
to assess the differences between groups at the time points post and follow-up
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Between-group comparisons at 24 weeks

Main outcome After 24 weeks of commencing exercises
the greatest effects were noted in the PED group, in
comparison to both: the BE group and the CO group, in
HGSR, HGSL (p < 0.001) (Table 2.).
Secondary outcomes After 24 weeks from the beginning of the intervention, the most pronounced effects, in
relation to all the parameters covered by the study, were
found in the PED group compared to the CO group
(BBT, ACT, shoulder flexion, extension, abduction, PEF,
BSR, BSL, CSRR, CSRL, ADL, BI, BBS: p < 0.001).
The comparison of the PED group and BE group
showed statistically significant differences in almost all
areas: BBT, ACT, PEF, BSR, BSL, CSRR, CSRL, BI: p <
0.001, in favour of the PED group. Only the parameters
of shoulder flexion (p = 0,35), shoulder extension (p = 0,
33) and shoulder abduction (p = 0,21), ADL (p = 0,25)
and BBS (p = 0,15) revealed no statistically significant
differences.
The distinctions related to the said parameters between the BE and CO groups proved to be statistically
significant, except for shoulder extension (p = 0,33).
The exact data related to the distinctions between the
groups in question, as registered 24 weeks after the start
of the study, are included in Table 2.
Mean difference scores for each group across time

The analysis of the impact of the 12-week exercise
programme showed the greatest effects on HGS, BBT,
shoulder extension and abduction, flexibility, and lung
capacity in the participants belonging to the PED group
compared to the BE group. In the CO group, on the
other hand, a decrease in the values of all the parameters
examined was observed. These changes were maintained
at the 24 week re-assessment. The average results of the
differences for each group after 12 and 24 weeks are
shown in Table 2.
Main outcome After 12 weeks of the exercise
programme in the PED group, the HGSR and HGSL
parameters increased correspondingly by 6.77 kg (95%
CI = 6.04–7.50) and 8.05 kg (95% CI = 7.51–8.60), respectively, while in the BE group, they increased by 5.54
kg (95% CI = 4.89–6.19) and 6.60 kg (95% CI = 6.08–
7.11), respectively. In the CO group, the HGSR and
HGSL decreased by 0.77 kg (95% CI = (− 1.06) – (− 0.48))
and 0.40 kg (95% CI = (− 0.56) – (− 0.24)) respectively.
The obtained changes were maintained in both HGS
parameters until 24 weeks from the beginning of the
intervention (Table 2.).
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Secondary outcomes The PED group, after 12 weeks of
intervention, showed the following increase in the average values of the parameters: BBT score by 12.90 (95%
CI = 11.62–14.18), shoulder flexion by 10.88 deg (95%
CI = 7.91–13.85), shoulder abduction by 14.49 deg (95%
CI = 12.19–17.69), shoulder extension by 9.71 deg (95%
CI = 8.01–11.40), PEF by 56.10 l/min (95% CI = 41.99–
70.21), back scratch left arm over (BSL) by 14.57 cm
(95% CI = 11.38–17.76), back scratch right arm over
(BSR) by 14.82 cm (95% CI = 11.84–17.81), chair sit-andreach for left leg (CSRL) by 11.92 cm (95% CI = 9.93–
13.91) and chair sit-and-reach for right leg (CSRR) by
12.98 cm (95% CI = 10.76–15.20). The obtained changes
were maintained for most of the aforementioned parameters until 24 weeks after the exercises began (Table 2.).
Regarding the BE group, after 12 weeks of exercises, an increase was noticed in the average values
of the following parameters: BBT score by 9.50 (95%
CI = 8.85–10.15), shoulder flexion by 10.38 deg (95%
CI = 7.58–13.19) shoulder abduction by 11.87 deg
(95% CI = 8.85–14.89), shoulder extension by 4.92
deg (95% CI = (− 2.95) – 2.80), PEF by 39.83 l/min
(95% CI = 32.10–47.56), BSL by 9.38 cm (95% CI =
7.71–1.06), BSR by 8.13 cm (95% CI = 7.01–9.26),
CSRL 7.17 cm (95% CI = 5.70–8.64) and CSRR by
7.90 cm (95% CI = 5.37–10.43). After 24 weeks from
the beginning, this trend was maintained in the most
variables (Table 2.).
In the CO group, a decrease in values of particular
parameters was shown after 12 weeks. The exceptions
here were the activities of daily living. After 24 weeks,
a further decrease in the parameters tested was observed (Table 2.).

Discussion
In the literature on this subject, there are only a few reports on physical exercise programmes for wheelchairbound persons. Given the importance of the issue, it
seems to be necessary to develop new preventive programmes, providing complex assistance for persons with
impaired mobility. To the best of our knowledge, the
study presented in the foregoing is the first to assess the
impact of DMT on seniors in wheelchairs living in NHs.
The results of the study demonstrated that persons
who participated in 2 exercise sessions per week for a
12-week period had increased parameters that helped assess upper extremity fitness and overall functional performance. The largest positive changes were established
in the PED group. Additionally, we observed that the
lack of physical exercises in seniors in wheelchairs
contributes to decreased manual dexterity of the upper
extremities and functional performance.
This study shows that preventive measures, in the
form of interventions intended for persons with
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impaired mobility, are possible and useful for the improvement of the health condition of elderly NH residents. Based on previous studies and recommendations
regarding physical activities for seniors, Cordes et al.
prepared a programme of cognitive and movement
exercises. The research aim was to determine the limits
of effectiveness and feasibility for the intervention comprising complex physical exercises for weak, elderly NH
residents in Germany [24]. A taskforce, under the auspices of IAGG-GARN recognizing the specificity of the
long-term care system, developed recommendations for
exercise programmes for seniors under such care. To
promote the implementation of the proposed recommendations in the real life of NHs, it is crucial to take
into account residents’ desires, preferences, beliefs,
and attitudes toward physical activities. To confirm
that our recommendations in terms of overall physical
activity and exercise training are appropriate and
effective for institutionalized older adults, further
studies are needed [31].
The results of our study may be useful when developing further strategies that aim to improve or maintain
the health of NH senior residents.
Our study compared the effectiveness of two programmes of group exercises: one group taking basic exercises (BEs) and the other group performing physical
exercises with elements of dancing (PED). Related studies by other authors emphasize the positive impact of
regular physical exercises on the functional performance
of seniors who do not have any disabilities [40, 48]. On
the other hand, there is no clear and coherent evidence
for the beneficial influence of physical exercises on the
fitness of elderly wheelchair users living in NHs. Additionally, in their systemic review, Weening-Dijksterhuis
et al. proposed that an exercise programme for seniors
under institutional care should be a combination of progressive strength training, body balance and functional
training. The recommended intensity starts with moderate to high, three times a week, lasting at least for 10
weeks [49]. Many authors present programmes of physical exercises taken in sitting positions that are commonly employed in clinical practice [48]. Multiple
morbidities, fear of falling and advanced age may impede
elderly persons from participating in organized exercises
of this kind [50]. Exercises performed in sitting positions
can be utilized both by independent elderly persons and
weak seniors, as such exercises are relatively safe [51]. In
their study of chair-based exercises aimed at examining
the acceptability, feasibility and tolerability of intervention, Robinson et al. demonstrated great interest of care
centres as well as seniors taking part in the study [50].
In their systematic review of chair-based exercise programmes, Anthony et al. show that physical exercises of
this kind are employed as an alternative for weaker
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seniors, but their health benefits are uncertain. The authors emphasize the need for further, well-designed
studies [18]. The results of our study confirm the effectiveness of exercises taken in a sitting position by
wheelchair-bound seniors under institutional care in
NHs.
We evidenced that seniors in wheelchairs improved
their hand grip strength, upper and lower body flexibility, ROM of shoulder, manual dexterity, ADL and body
balance after 12 weeks of physical exercises. The most
positive changes were noted in participants from the
PED group. Short-term effects lasted for almost 24
weeks after the start of the study. Additionally, the hand
grip strength results of the left and right extremities
exceeded the suggested minimum clinically significant
difference, reaching HGSR = 6.42 and HGSL = 7.76 for
the PED group and HGSR = 4.51 and HGSL = 6.12 for
the BE group, respectively [52, 53].
The study sample had generally low BBS scores at
baseline (average 12.41 points), and after 12 weeks of the
intervention, the average scores increased by 1.90 points
in the BE group and 2.59 points in the PED group. This
is considered a small meaningful change for older
people. In their previous studies, Lazowski et al. reported
that the Berg balance scores of the sated group (using a
wheelchair or requiring assistance with transfers) after 4
months of exercises did not change. The only parameter
improved was shoulder strength. Moreover, authors encourage more researchers to accept the challenges, as
well as the rewards of working with this frail population
[54]. In a prospective, randomized, controlled, semicrossover trial, Baum et al. showed a relatively insignificant impact on the Berg Scale score after a strength and
flexibility exercise programme in a frail long-term care
facility. According to the authors, this is not surprising
because the exercise programme was not focused on balance improvement. Researchers point out that the advantage of such a programme is providing not only
recreational activity for the resident but also therapeutic
benefits [55].
A decrease in functional performance was observed
in elderly persons with impaired mobility who did not
perform physical exercises regularly. This correlation
was acknowledged in studies carried out by other authors [56, 57]. Maintaining optimal physical fitness by
performing physical activity positively influences
upper limb fitness, especially manual dexterity. Falconer et al. and Williams et al. demonstrate that
manual dexterity is strongly correlated with seniors’
level of independence. The limitation of manual dexterity is accompanied by limitations in terms of ADL,
as well as increased dependence on others [58, 59].
Incel et al. found that decreasing manual dexterity
and hand grip strength influence dependency on daily
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functioning and affect seniors’ quality of life [60]. The
study of the authors shows that even wheelchairbound seniors can improve their functional performance by taking physical exercises with elements of
DMT [60]. Cross-sectional studies have shown that
seniors who perform dance evidence greater flexibility,
postural stability, body balance, physical response
time and cognitive ability [61]. Other authors
emphasize that dance, regardless of its style, can significantly improve strength, endurance and other aspects of functional performance in elderly persons
[62, 63]. Unlike traditional physical exercises, DMT
has the potential to become a universal activity that
can be adjusted to age and physical limitations, and
they can contribute to the improvement of mental
health and social interactions [64].
The results of this study indicate that DMT highly influences the improvement of upper extremity fitness and
overall functional performance. In turn, a lack of physical stimulation causes health problems and deteriorates
functional performance, which has a negative impact on
the public health system by increasing the costs of care
in NHs [14].
The results of the study presented here demonstrate
that engagement of seniors in physical exercises with
DMT elements prolongs their independence period by
improving manual dexterity in activities of daily living,
which is reflected in the improved quality of life of elderly persons and decreased health care costs. Effective
and low-cost solutions are essential for the improvement
of the functional performance of elderly, wheelchairbound persons living in NHs. The results of the authors’
study confirm the need for regular rehabilitation to
avoid functional and psychosocial disability. A practical
aspect of this study is the fact that it indicates simple
and low-cost exercise programmes for seniors with impaired mobility.
This study had many strengths but also some limitations. First, due to the inclusion criteria applied, only seniors moving around in manually operated wheelchairs
were included, which implied that the weakest residents
who use electronic wheelchairs were excluded from the
study. Second, the homogeneity of the intervention was
limited due to the large number of NHs involved in the
study. To counteract that fact, the physiotherapists received numerous trainings and were being interchanged
between NHs. Third, the authors did not carry out an
assessment after 36 weeks. When designing further studies, the sampling points at the 6- and 12-month marks
should be scheduled to assess long-term effects.

Conclusions
In summary, the 12-week programme of physical exercises, with elements of dance movement therapy, is the
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most effective for improving hand grip strength, manual
dexterity of the upper limb and functional fitness of
wheelchair-bound seniors who live in NHs.
Based on this complex programme, with elements of
strength, body balance and endurance training, further
studies may also be able to conceptualize important action recommendations and guidelines promoting the
health of NH residents with impaired mobility.
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