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A shortage of physiotherapist (PT) manpower is a barrier for providing better rehabilitation service in
Hong Kong. Quality training can bene¯t patients with better recovery, on the contrary, insu±cient training
may cause a longer length of stay, readmission, and thus the burden of healthcare system. The estimated cost
for PT services in Hospital Authority was HK$7.0 Billion in 2020. A novel Danish robot with a 7-joint robotic
arm became popular in Denmark and Germany in the last two years. The robot is designed for lower limb
patient rehabilitation. It can enhance the mobility of patients. Based on the experience of a university
hospital in Denmark, this robotic rehabilitation was well accepted by both patients and PTs. Function-wise,
the robot provides many clinical bene¯ts to patients, especially stroke ones. A physiotherapist's time can be
saved when the robot is being used. The cost-e®ectiveness of ROBERTr is better than PT performing
repetitive exercises for lower limbs. The robot potentially provides a cost-e®ective solution to the Hong Kong
healthcare system.
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Background

Physiotherapists (PTs) diagnose and assess injured
patients in physical means. Their role is excep-
tionally essential to stroke rehabilitation. Daras
et al. stated that with additional physical activities
during Length of Stay (LOS), patients can have
better functional independence during discharge
and thus lower the readmission opportunity.1 A
long LOS of stroke patients results in hospital bed
occupation in the Hong Kong Hospital Authority
(HA) hospitals. To meet the stroke rehabilitation
goals, a guideline from the Royal College of Phy-
sicians of United Kingdom recommended that ex-
ercise intensity should accumulate to at least 45
min every day.2 Slade et al. conducted a single-
blinded research to examine the e®ect of intensity
of physiotherapy upon LOS for 126 stroke patients.
The control group received 59 min exercise daily
while the Quality Improved (QI) group received 77
min. The mean LOS for all patients was 84.6 days,
but the QI group resulted in 14 days LOS (or
16.5%) shorter than the control group with sta-
tistical signi¯cance.3 Many bedridden patients,
who su®er from muscle wasting, are susceptible to
increase fall risk. Improved post-stroke patient
physical condition enhances mobility and reduces
opportunity of complications, e.g., falls and pres-
sure injury. On the contrary, poor physical condi-
tion would prolong LOS and increase the potential
of readmission in future, which lead to burdening of
the healthcare system.

Concern: Burden in Hong Kong
Physiotherapy

To the best of our knowledge about acute stroke
case number in Hong Kong, there were about
16,900 cases annually between year 1999 and 2007
including new and recurrent cases, which was from
Prof. J. Woo's research team articles.4,5 The mean
LOS of 1,111 stroke patients in Kowloon Hospital
was 36.6 days.6 The HA Annual Report 2020–2021
showed that the cost for acute or convalescent in-
patient service was HK$ 7,240 per patient day.7

With a direct calculation with the above ¯gures,
the estimated cost paid by HA for stroke in-
patients was HK$ 4.48 billion in 2020.

Apart from post-stroke rehabilitation, PTs also
treat other physically injured patients. They
served about 1.2 million and 3.0 million PT patient
attendances out- and in-patients, respectively, in

HA hospitals in 2020.8 The average session cost for
specialist outpatient attendance among HA hos-
pitals was HK$1,660.7 Assuming the cost of the PT
inpatient service is the same as that of outpatient,
the estimated cost for PT service in 2020 in HA
was close to HK$7.0 billion. The expenditure on
Physiotherapy treatments is considerable. An ef-
fective and e±cient rehabilitation helps HA save
costs and reduce the economic burden.

Cause: PT Manpower Shortage

According to the HA Annual Report 2020–2021,
there were 1,248 PTs in HA.7 With a calculation of
an ideal case that all 1,248 PTs performing exercise
at full throttle, 9 h a day, Monday to Saturday, to
4.2 million in-/out-patient attendances. On aver-
age, every attendance receives around 0.72 h or
43.2min per session by PT. In reality, PTs have to
spend time on administration, treatment record
documentation, research works, etc. No PT can
perform exercise non-stopped for 9 h a day. Some
exercises are performed by assistants inevitably.
Are the treatments similar in quality? Are PT
session durations su±cient in quantity?

Shortage of PT is the major barrier leading PT
not being able to provide quality exercise to
patients. The Standard dated on 19 June 2017
reported that \The projection done for the gov-
ernment indicated that Hong Kong could see a
shortage of 933 physiotherapists by 2030. But two
unions and a pressure group from the physiother-
apy sector said yesterday the ¯gure is a serious
underestimation.9" Currently, there are 3,950 reg-
istered practicing PTs on the registration list of the
Hong Kong Physiotherapists Board. Among them,
about 2,700 PTs are in private practice whereas
1,250 PTs are in HA. Considering the aging pop-
ulation in Hong Kong, physiotherapy is facing a
severe manpower shortage issue.

Solution: Robot Therapy

In 2013, Kwok and Ma foresaw that rehabilitation
training would be robot-driven in future. Robots
can provide more exercises to patients with mini-
mum PT manpower. It saves PT time and assists
PTs gather treatment parameters to prepare a
tailor-made training.10 Lum et al. and Hug et al.
recognised that robot provides a cost-e®ective
means for stroke patients to maintain mobility.11,12

Few criteria were mentioned by Lum et al. to
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choose a successful Robot therapy system, i.e., the
device

(1) must provide quanti¯able, functional bene¯ts
to patients,

(2) should improve the e±ciency of therapists'
current practice,

(3) should be a®ordable,
(4) should not increase the cost of health care.11

A novel robotic device — ROBERTr

Bertelsen et al. shared their experience of a pilot
test in geriatric wards of Odense University Hos-
pital with a Danish robot called ROBERTr (Life
Science Robotics, Aalborg, Denmark). The re-
search employed the passive mobilization of the
robot to treat 13 elderly patients. Bertelsen et al.
concluded that the pilot test was well accepted by
patients, relatives, and sta®.13 The system over-
view is as shown in Fig. 1.

ROBERTr Technical Capabilities

The Danish robot is designed for performing lower
limb exercises with a 7-joint robotic arm technol-
ogy which allows a wide range of movement. The
robot can lift an injured leg of maximum 11 kg
which is equivalent to a patient body mass of ap-
proximately of 160 kg. The PT can move the im-
paired leg with little e®ort because the weight of
the leg is compensated. With the excellent move-
ment feasibility of the robotic arm, one PT alone
can perform Proprioceptive Neuromuscular Facil-
itation training easily.

There is no built-in program in the robot. It only
replicates the exercise path performed by PT. The
robot is a tireless workhorse to allow up to 999
repetitions for one exercise. Four exercises can be
recorded in one go. The quality of exercise is the
same as PT. Repetitive exercises are bene¯cial to
neuroplasticity rewiring. After the PT performs
the ¯rst cycle of exercise, and hereafter, the robot
will start replicating the exercise in certain cycles
without any support from the PT. Then, the PT
can treat another patient or do some documenta-
tion work. The PT e±ciency is improved.

Ho et al. mentioned that rehabilitation process
should start as early as possible to avoid spasti-
city.14 The novel robot is good for many stages of
lower limb rehabilitation. It allows passive or ac-
tive mode. Patients in poor condition can be
trained in passive mode that the robot brings the
impaired leg to move. After the leg gains power,
patients can be trained in active mode. The start-
ing point and ending point are set. With no re-
striction on path, the patient can move his/her leg
to reach the destination autonomously, which is
good for motor control and learning. There are 10
levels of resistive force for active training. A heal-
thy adult feels hard when the resistive force reaches
level 7 or above. The resistive force and number of
cycles from the active exercise can form a treat-
ment evolution graph. Thus, a better individual-
ized treatment can be prepared. The robot allows
treatment in supine, prone, lateral or sitting posi-
tions. This serves bedridden or wheelchair patients.
Furthermore, the Danish robot is complementary
to exoskeleton devices. Prior to being trained with
a walking device, patients can be trained with
ROBERTr for hip °exion to attain a large extent
and for dorsal/plantar orientations (Dorsi°exion
20� — Plantar °exion 70�Þ to strengthen their
ankles. These improvements would make a walking
exercise session more e±cient.

The robot is equipped with emergency buttons:
One was installed on the control cabinet and one is
held by the patient. For safety precaution, the
device will automatically stop moving if the
patient's leg is against the movement of the robotic
arm, e.g., spasticity or cramp.

The device is mobile with four wheels and
weighs 165 kg. It can be moved between wards or
stayed in outpatient department. It is equipped
with a built-in battery of 30-min power capacity to
enable the robot to be powered on during trans-
portation. This saves users four minutes for systemFig. 1. ROBERTr system overview.
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rebooting and self-calibration. The device is ready
for treatment when it arrives at the bedside of the
next patient.

The setup interfaces for PTs are intuitive. That
leads the setup quick and learning curve short. A
10-inch touch screen is installed on a swingable
holder. During training, the screen is swung close
to the patient. The software can be displayed in
Chinese or some other popular European languages
and the visual is aided by graph presentation.
Patients are able to understand the training
progress easily.

Bertelsen et al. gave feedback in their pilot test
of using ROBERTr that about 10–15min were
spent on setup including moving furniture to make
space in the ward and attaching the velcro-sheet
¯xture to the training leg.13 This problem will
happen in Hong Kong as well. However, after the
setup, patients can be trained uninterruptedly for
the rest of the session.

Although other robotic therapy machines are
capable to perform the exercises robotically, a PT
is required to operate them. There is no manpower
saving. However, the ROBERTr frees up the PT
to help another patient or do other work after the
setup. It truly optimizes PT's precious time.

Cost E®ectiveness Analysis

Here is a brief cost-e®ectiveness analysis between
ROBERTr and PT and its details are shown in
Table 1.

Cost: (1) The robot: The reference price of
ROBERTr in June 2022 was HK$1,509,200.00
with 10,000 h expected lifetime. The average
hourly operating cost is HK$175.92; whereas

(2) The PT: 2022 salary report of Physiothera-
pists in Hong Kong stated that a mean salary of
PT is HK$63,000.00.15 Thus, the hourly salary of
PT is HK$269.23.

E®ectiveness: The e®ectiveness of ROBERTr and
PT is the same because the robot replicates what
PT performs. Either e®ectiveness result is de¯ned
as \one e®. unit".

Cost-E®ectiveness Analysis: Dividing the Cost by
the E®ectiveness for each group, the cost per one
e®. unit is calculated.

Cost Effectiveness ¼ Cost
Effectiveness :

A larger value in cost-e®ectiveness comparison
indicates higher cost be paid to obtain the same
result.

The cost-e®ectiveness analysis result showed
that employing Danish robot to perform repetitive
exercises for lower limbs is less costly than the
equivalent performed by PT. Its cost-e®ectiveness
is HK$175.92/one e®. unit; whereas that of PT is
HK$269.23/one e®. unit. Although the capital
cost of the robotic system is high, its average
hourly operating cost is just one-tenth of the cost
for one specialty outpatient session in HA
hospitals.7

Table 1. Cost-e®ectiveness analysis among ROBERTr and PT.

(All currencies are in HK$) ROBERTr Physiotherapist

COST
a. Therapist salary — $63,000
b. Daily working hours 5.25 9.00
c. Monthly working days 26 26
d. Machine cost $1,509,200.00 —
e. Annual maintenance fee $50,000.00 —
f. Number of year with annual maintenance

[Expected Operating Hour/(b x c x 12)hour/year] — Warranty years
5

(2-year warranty)
—

g. Total machine cost [dþ ðexfÞ] $1,759,200.00 —
h. Total hourly cost $175.92 $269.23

EFFECTIVENESS one e®. unit one e®. unit

RESULT
Cost e®ectiveness $175.92/e®. unit $269.23/e®. unit
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Discussion

Due to a shortage of clinicians, the Hong Kong
healthcare system unavoidably considers robots to
assist in maintaining or enhancing service quality.
The healthcare system is progressing into the ro-
botic era. A Robot-Assisted Gait Training de-
vice — Lokomat — was awarded in April 2022 for
Kowloon East Cluster. There are a wide variety of
evaluations of its e®ectiveness in locomotor train-
ing. van Nunen et al. concluded that there was no
signi¯cant di®erence between Lokomat and the
conventional training,16 while Duncan et al.
showed a better e®ectiveness ratio of 2.33 than PT
did.17 Based on the result from Duncan et al. and
the amount of HK$ 1,950,000 on the contract
award notice webpage, the cost-e®ectiveness of
Lokomat was translated to about HK$210.55/one
e®. unit in locomotor training versus that of PT is
HK$269.23/one e®. unit manually.

Robotic treatment with ROBERTr ful¯ls Lum
et al.'s criteria of choosing a Robot therapy system.
It clinically bene¯ts the patients, especially stroke
patients. Therapists' e±ciency will be improved.
Its average cost is less than HK$200 per operating
hour. It potentially helps reduce the economic
burden by reducing LOS and lowering the
readmission rate.

Updated on the end of 2021, there have been 13
systems in clinical use, mainly in neurology centres
in Denmark and Germany. This technology is in-
novative and swiftly accepted. Throughout the
world, hundreds of patients are treated with it on a
daily basis.

Conclusion

The Danish robot bene¯ts patients, PT, and HA
quantitatively and qualitatively. It improves
patients' condition, increases patient numbers,
releases PT shortage stress, shortens bed occu-
pancy time, and reduces the economic burden.
That the robot performs repetitive exercises for
lower limbs is less costly than the equivalent per-
formed by PT. ROBERTr potentially would be
another cost-e®ective solution for HA.

Con°ict of Interest

The author is an employee of a distributor com-
pany of ROBERTr.

Author Contributions

The author conducted the conception and design of
the study, drafted this paper and performed revi-
sion of the ¯nal version of this paper.
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Background: Patients undergoing Coronary Artery Bypass Graft (CABG) surgery often develop pulmo-
nary complications in the early post-operative period as result of decreased lung function and impaired cough.
Conventional physiotherapy in early post-operative period aims at increasing lung volumes and airway
clearance.
Objective: This study aimed to determine the e®ectiveness of the addition of Acapella to conventional chest
physiotherapy in improving lung volumes and secretion clearance in early post-operative CABG patients.
Methods: Twenty patients of both genders (40–70 years) who had undergone CABG and were in Phase I of
Cardiac Rehabilitation were involved in this pilot randomized control trial (9 control, 11 experimental). Post-
surgery intervention commenced on post-operative day 2 (POD 2) and continued till POD 6. Patients in the
control group were given conventional physiotherapy that included breathing exercises, incentive spirometry
and manual techniques. Patient in the experimental group used an Acapella device along with the conven-
tional intervention. Outcome measures considered were pulmonary function parameters (FVC, FEV1 &
PEFR) and amount of sputum expectorated.
Results: A signi¯cant increase in lung volumes was observed in both the groups on POD 6 as compared to
POD 2 (both < 0:01). However, the increase was signi¯cantly greater on POD 6 in experimental group than
the control group [mean di®erence (95% CI) FVC: 0.44 L (0.24–0.63), FEV1: 0.43 L (0.19–0.66), PEFR:
0.86 L/s (0.57–1.14)]. The amount of sputum expectoration signi¯cantly greater in the experimental group as
compared to the control group [2.71mL (0.53–4.90)].

*Corresponding author.

Copyright@2022, Hong Kong Physiotherapy Association. This is an Open Access article published by World Scienti¯c Publishing
Company. It is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-
NC-ND) License which permits use, distribution and reproduction, provided that the original work is properly cited, the use is
non-commercial and no modi¯cations or adaptations are made.
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Conclusion: The addition of Acapella enhanced the e®ect conventional physiotherapy in improving lung
volumes and airway clearance in the early post-operative period for CABG patients.

Keywords: Acapella; CABG; chest physiotherapy.

Introduction

Patients undergoing cardiac surgeries are prone to
distinct surgery related factors that in°uence the
development of certain post-operative pulmonary
complications (PPCs).1 Studies reveal a post-op-
erative change in breathing pattern from predom-
inantly abdominal to thoracic breathing resulting
in reduction of pulmonary functions in patients
undergoing median sternotomy.2,3 A decrease in
VC, IC, FEV1, PEFR, TLC leading to a restrictive
pattern of pulmonary function is also observed post
cardiac surgery.4–8 The causes cited for this de-
crease are multifactorial; sternotomy incision
leading to decreased rib cage movement, respira-
tory depression due to anesthesia, diaphragm dys-
function leading to alterations in breathing
patterns, presence of chest tubes, post-operative
pain.1–3,6,9–11 This signi¯cant impairment in pul-
monary function is observed to persist up to almost
one year post-operatively.2,4–7,9 Additionally post-
operative atelectasis is also observed in CABG
patients,7,12 which can further worsen the pulmo-
nary function. A study done by Koyilil et al.13

reported increased incidence of cough post-opera-
tively following open-heart surgery. The severity of
the cough correlated with the reduction in lung
volume and was independent of the basic cardiac
pathology and left ventricular function, cardio-
pulmonary bypass duration and smoking status.
The researchers concluded that the primary cause
of cough was the post-operative reduction in lung
volume. While the post-operative decrease in
PEFR reduces the ability to cough, the general
anesthesia used during surgery causes impairment
of mucociliary transport, both resulting in sputum
retention.6,14,15

To summarize, the change in breathing pattern,
reduction in lung volumes and sputum retention
contribute to post-operative complications in
CABG patients. A study done by Agostini et al.
reported that patients with PPCs had a signi¯-
cantly higher hospital length of stay and higher
frequency of ICU admissions and number of

deaths.16 This puts an additional burden on the
patient and hospital.

In order to decrease the after-e®ects of decreased
lung volumes and impaired secretion clearance
post-operatively, physiotherapy interventions in
the form of breathing exercises, incentive spirom-
etry and physical maneuvers to recruit alveoli are
often recommended.17,18 Manual techniques, such
as percussions and vibrations, are commonly used
to aid removal of secretions.19 However in the post-
operative period, these techniques may not be well
tolerated by all patients due to post-operative
pain20 and may be contraindicated in some
patients due to inability to change body position.
Some patients may not be able to self-apply these
techniques without assistance and thus adherence
and regular administration may depend on avail-
ability of therapist or caregiver. In addition, these
techniques are also laborious and time consuming
for the therapist.20 Hence there is an increase in the
use of assistive devices to aid removal of secretions.
In the recent years, various devices have emerged
that assist existing physiotherapy techniques in
improving mobilization and removal of secre-
tions.21 These devices are safe, o®er greater inde-
pendence to patients and are less time-consuming
for the therapist. Acapella is one such °ow-oper-
ated Oscillatory Positive Expiratory Pressure
(OPEP) device that consists of a counterweighted
plug and metal strip that is attached to a magnet
which oscillates when the patient exhales into the
device resulting in air°ow oscillations.22 The
resulting positive expiratory pressure (PEP) and
oscillations assist mucus expectoration.19,21

Studies regarding e±cacy of Acapella as an aid
to clear secretions has been evaluated in various
pulmonary conditions,23–25 however its scope to
improve pulmonary function and cough mecha-
nism in post cardiac surgery patients is insu±-
ciently researched. This study hypothesized that
the addition of Acapella to conventional Institu-
tional Chest physiotherapy would aid in improving
lung volumes and sputum expectoration compared
to conventional Institutional Chest physiotherapy
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alone in patients undergoing CABG surgery in the
early post-operative period.

Methodology

This was a single-site randomized controlled feasi-
bility pilot trial with assessor blinding and inten-
tion-to-treat analysis.

Approval to conduct this study was obtained
from the Institutional Review Board, D. Y. Patil
University, School of physiotherapy (DYPUSOP/
019A/2018).

Participants

Patients of both genders in the age group of 40–70
years who had undergone CABG (through median
sternotomy incision) and were currently hospital-
ized in the ICU of D.Y. Patil Hospital and
Research Centre, Navi Mumbai, India and under-
going Phase 1 of cardiac rehabilitation were se-
lected for this study. The number of patients
selected in the study was based on the patient
availability during the study period. Oral informed
consent was taken from all the participating
patients. Any patient with existing pulmonary
disease or associated pulmonary complications,
unstable cardiovascular status, infection, sepsis,
uncontrolled diabetes, other metabolic problems
and impaired cognition were excluded from the
study. Additionally, patients who required long-
term intubation post-operatively or reported too
much pain (in spite of medications) were not

included in the study. The patients were randomly
allocated to either control or experimental groups
using the lottery method – paper slips with num-
bers written and folded were handed to the parti-
cipants. Patients who picked an odd number were
allocated to the control group and an even number
were allocated to the experimental group. After
group allocation, the assessment and intervention
procedures were explained to all participants.

Outcome measures

The primary outcome measures considered in the
study were lung volumes measured using PFT
(FVC, FEV1, PEFR) and the cumulative amount
of sputum expectorated by Post-operative day 6
(POD 6).

The assessment began on POD 2 and was same
for both the groups. Pain was assessed on the
Numerical Rating Scale before intervention. The
pulmonary function test (PFT) parameters were
assessed pre- and post-intervention on POD 2 and
post-intervention on POD 4 and POD 6. A hand-
held portable spirometer (EasyOneTM Diagnostic
Spirometer, ndd Medizintechnik AG, Switzerland)
was used to measure PFT by the therapist. For
this, patient was seated upright with back sup-
ported. The mouthpiece of spirometer was placed
into patient's mouth and was asked to form a tight
seal around it. Patient was then instructed to in-
spire at total lung volume and nose clip was ap-
plied. He/she then exhaled forcefully into the
mouthpiece. Three attempts for FVC, FEV1 and
PEFR were recorded and the highest value from

Fig. 1. Flowchart showing participation through the study.
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the best attempt for each parameter was used in
the data analysis.

Amount of sputum expectorated during every
intervention (for each session/day) was recorded
by collecting it in a sputum container with mark-
ings on it. The total amount of sputum expecto-
rated (in mL) from POD 2 to POD 6 was noted on
POD 6.

Interventions

Similar post-operative medical care in terms of
ventilation and pain medications and standard
institutional cardiac rehabilitation protocol (e.g.,
bedside mobilizations and ambulation) was fol-
lowed for all the patients as per the hospital policy.
Chest physiotherapy intervention with respect to
the study, started on POD 2 for both groups. The
same therapist (principal investigator of this
study) administered the interventions in both
groups for all sessions. The average time for
treatment ranged between 20min and 40min.
The interventions were given with the patients
lying with back supported and the head end angled
at 45�.26

For the control group, the treatment included
diaphragmatic breathing exercises19 (10 repeti-
tions, 2 sets, twice a day) and segmental breathing
exercises (10 repetitions, 3 sets, twice a day) along
with percussions and vibrations. Incentive spi-
rometry19 was given as 10 repetitions of 3 sets,
twice a day. Patient was encouraged to cough
out and expectorate secretions, if any, in a
measured cup.

In the experimental group, similar intervention
as above was followed, except instead of percussion
and vibration, Acapella green27,28 (Smiths Medical
ASD, Inc., USA) was prescribed twice a day with
at least 4 hourly gaps between two sessions. For
Acapella, the patients were asked to hold the de-
vice with a tight seal at the mouth, take a breath
larger than normal tidal volume and hold for 2–3 s
before exhaling into the device.19 This exhalation
into Acapella was repeated 8–10 times after which
the patients were instructed to perform 2–3 hu®s
and expectorate in the measuring cup. This cycle of
8–10 breaths in Acapella followed by 2–3 hu®s was
repeated 4–6 times. This set was performed twice a
day.29

The study ceased on POD 6 as the average stay
of post CABG patients in our ICU ranged between
6 and 8 days.

Statistical analysis

The data was analyzed using SPSS software (ver-
sion 18). For any within-group comparison
of outcomes, one-way ANOVA was used with
Bonferroni as the post-hoc test. For any between-
group comparisons of outcomes (i.e., between
control and experimental groups), an unpaired `t'
test was performed. The level of signi¯cance was
set at < 0:005.

Results

A total of 30 subjects were considered for inclusion
in the study, of which 6 had to be excluded. The
remaining 24 subjects were randomly allocated to
control and experimental group. None of the in-
cluded subjects had any major co-existing co-
morbidity except diabetes. Four patients (3 from
control and 1 from experimental group) dropped
out due to post-operative complications (infection
at the scar site and arrhythmia), while 20 patients
completed the study procedures. The general
demographics of the subjects included in the study
are represented in Table 1. The mean age and BMI
of the four subjects who dropped out was 51:25�
5:737 and 26:36� 4:478.

All the patients had undergone CABG on pump.
Of the 20 subjects, 10 patients had only saphenous
vein graft, 4 had only internal mammary artery
graft and 6 had arterial and venous grafts.

The pulmonary volumes (FVC, FEV1 and
PEFR) and the total amount of sputum production
in both groups showed a statistical improvement
post intervention on all the days. However, it was
observed that the improvement was more on POD6
in both the groups (Table 2). Table 3 compares the
mean di®erences in the lung volumes between POD

Table 1. Descriptive demographics.

Variables Control (n ¼ 12)
Experimental

(n ¼ 12) p value

Males/Females 8/4 11/1
Age (in years) 57.75 � 4.95 54.5 � 5.23 0.193
BMI 24.64 � 2.66 23.77 � 1.66 0.295
Smokers 2 3
Controlled

diabetics
2 3

Note: Data presented is as mean � SD BMI: Body Mass
Index.
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6 and pre intervention POD 2 values for both the
groups. A 107% and 104% increase, respectively, in
FVC and FEV1 from POD 2 pre-intervention to
POD 6 was observed in the control group while the
experimental group showed an increase by 184%
and 164%, respectively, for the same parameters.
PEFR increased by 64% from POD 2 pre-inter-
vention to POD 6 in the control group, while a 155%
increase was observed in the experimental group.
The results indicate that the experimental group
showed a signi¯cantly greater improvement in lung
volumes on POD 6 as compared to the control

group. The sputum production was also signi¯-
cantly more in the experimental group.

Discussion

The results of this study indicate that inclusion of
Acapella along with other conventional physio-
therapy techniques increased the lung volumes and
airway clearance as compared to conventional
physiotherapy techniques alone in post-operative
CABG patients.

Table 2. Comparison of lung volumes and amount of sputum expectorated within and between control and experimental groups.

Control Experimental

P value (between
experimental
and control)

Mean di®erences
(95% CI) (between

experimental and control)

FVC (in L)
Pre intervention POD 2 0.26 � 0.06 0.39 � 0.13 0.020 0.12

(0.02–0.22)
Post intervention POD 2 0.32 � 0.05 0.55 � 0.31 0.043 0.23

(0.007–0.46)
Post intervention POD4 0.44 � 0.10 1.08 � 1.25 0.014 0.64

(0.24–1.52)
Post intervention POD 6 0.54 � 0.12 1.11 � 0.40 < 0.001 0.56

(0.27–0.86)
P value (from Pre intervention

POD 2 to POD 6)
<0.001 0.001

FEV1 (in L)
Pre intervention POD 2 0.25 � 0.06 0.42 � 0.23 0.057 0.16

(0.005–0.34)
Post intervention POD 2 0.30 � 0.04 0.51 � 0.20 0.009 0.20

(0.05–0.35)
Post intervention POD4 0.4033 � 0.10 0.72 � 0.27 0.004 0.32

(0.11–0.53)
Post intervention POD 6 0.51 � 0.10 1.11 � 0.48 0.002 0.60

(0.25–0.94)
P value (from Pre intervention

POD 2 to POD 6)
<0.001 < 0.001

PEFR (in L/s)
Pre intervention POD 2 0.57 � 0.12 0.79 � 0.36 0.112 0.21

(�0.05 to 0.48)
Post intervention POD 2 0.63 � 0.13 1.04 � 0.37 0.006 0.41

(0.13–0.68)
Post intervention POD4 0.87 � 0.39 1.47 � 0.47 0.007 0.60

(0.19–1.02)
Post intervention POD 6 0.94 � 0.17 2.02 � 0.49 < 0.001 1.07

(0.71–1.44)
P value (from Pre intervention

POD 2 to POD 6)
0.006 < 0.001

Total Sputum production on
POD 6 (in mL)

7.55 � 1.01 10.27 � 2.96 0.018 2.71

(0.53–4.90)

Notes: Data presented as mean � SD (95% CI). POD – post-operative day, FVC – Forced Vital Capacity, FEV1 – Forced
Expiratory Volume in ¯rst second, PEFR – Peak Expiratory Flow Rate, POD – Post-operative day, CI – con¯dence interval.
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Acapella is shown to be e®ective in aiding spu-
tum clearance in variety of conditions.25,30 Studies
in mechanically ventilated ARDS patients showed
that Acapella aided in optimally clearing the
secretions from the airways.23,31 Studies in bron-
chiectasis patients also demonstrated an increase in
sputum volume production following use of
Acapella.24,32

Acapella combines the resistive e®ect of PEP
with high-frequency oscillations in the airways
during exhalation to facilitate secretion clear-
ance.27,33–35 PEP allows back pressure to be gen-
erated that opens and splints the peripheral
airways. This encourages collateral ventilation and
air°ow to move behind the secretions.23,34–37 The
pressure gradient across the secretions forces it to
move more centrally and thus help in secretion
clearance.36,37 In addition, the oscillations produce
vibrations within the airway wall that further help
to displace secretions into the airway lumen.33–35

Some studies indicate that the oscillations gener-
ated by the OPEP devices can cause break down of
the mucus macro-molecules bonds reducing the
viscoelasticity (thickness) of the secretions and
thus further enhance their transport through the
airways.38,39

Another study that assessed the pressure char-
acteristics of Acapella under laboratory conditions,
suggested that the oscillation frequency range
produced by Acapella (8.5–21Hz)33,40 coincides
with that of ciliary beating frequency (12–15Hz) in

tracheobrochial tree41,42 and respiratory system
resonance frequency33 and this also facilitates the
secretion movement.43 Comparative studies be-
tween Acapella and other PEP devices (Flutter,
Shakers) reveal that though these devices have
similar operating performances and produce simi-
lar pressure waveforms, Acapella produces higher
frequency of oscillation than those of other PEP
devices at low-pressure levels.27,44

In this study, we too observed an increase in
sputum production in the experimental group using
Acapella as compared to the control group, proba-
bly through the mechanisms explained earlier. This
was also accompanied with an increase in lung
volumes, though earlier studies show mixed results.
Use of Acapella did not change lung function fol-
lowing lung resection surgery20 or bronchiectasis,24

however a signi¯cant improvement in lung volumes
was observed in patients who had undergone upper
abdominal surgeries,45 video-assisted thoracic sur-
gery46 and CABG.47 The change in lung volumes
observed in this study could be a cumulative e®ect
of breathing exercises19,30 and better airway clear-
ance due to Acapella.

Moreover, patients reported to be comfortable
with the use of Acapella as compared to incentive
spirometry20,32 or manual techniques like percus-
sion and vibration which probably was because
Acapella did not irritate or stimulate the chest wall
or wound directly but internally transmitted the
vibration to the secretions in the airways.20 As

Table 3. Comparison of the mean di®erences in lung volumes between POD 6 and POD 2 Pre-intervention between the
experimental and control group.

Control Experimental

P value (between
mean di®erences of
POD 6 and Pre

intervention POD 2
between experimental

and and control)

Mean di®erences
(95% CI) (POD 6 and
Pre intervention POD 2
between experimental

and control)

FVC (in L) 0.28 � 0.09 0.72 � 0.26 0.0002 0.44
[Mean di®erences between POD 6 and

Pre intervention POD 2 (95% CI)]
(0.18–0.37) (0.45–0.98) (0.24–0.63)

FEV1 (in L) 0.26 � 0.08 0.69 � 0.33 0.0013 0.43
[Mean di®erences between POD 6 and

Pre intervention POD 2 (95% CI)]
(0.17–0.34) (0.35–1.02) (0.19–0.66)

PEFR (in L/s) 0.37 � 0.14 1.23 � 0.38 < 0.001 0.86
[Mean di®erences between POD 6 and

Pre intervention POD 2 (95% CI)]
(0.22–0.51) (0.84–1.16) (0.57–1.14)

Notes: Data presented as mean � SD (95% CI). POD – post-operative day, FVC – Forced Vital Capacity, FEV1 – Forced
Expiratory Volume in ¯rst second, PEFR – Peak Expiratory Flow Rate, POD – Post-operative day, CI – con¯dence interval.
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Acapella is not gravity-dependent, it is easier to
use in patients with low expiratory °ow rates and
in whom change of positions is di±cult.27,44

The other advantages of Acapella lie in the fact
that it is available in di®erent models that allow
selection of device based on the patient's expira-
tory °ow capacity. Furthermore, Acapella can be
used along with nebulizer21 whenever the need be.
All the above-mentioned advantages of Acapella
may have helped the patients in improving their
lung volumes and aided in easier clearance of
secretions in subjects in this study.

This study has some limitations. The sample
size in the study was small as it was con¯ned by the
number of patients available at the time of study.
To establish the clinical relevance of the percent
changes observed in the lung volumes between pre
and post intervention, future studies with larger
sample sizes is recommended. The pre-operative
spirometry values were also not available, hence
the immediate post-operative change in lung
volumes could not be assessed. In addition, the
study was restricted to POD6 for reasons men-
tioned earlier. Future studies for longer periods of
time to assess the long term e®ects are suggested
for generalizing the usability of Acapella in
patients undergoing CABG.

Conclusion

This pilot RCT suggests that the e®ect of con-
ventional physiotherapy techniques in improving
lung volumes and secretions clearance is enhanced
with the use of Acapella in the post-operative pe-
riod in CABG patients. However, further studies
with larger sample size and patients with co-
existing pulmonary conditions are recommended to
establish the e®ectiveness of Acapella in post-car-
diac surgery patients. Studies of longer duration
can be conducted to assess the long-term e®ect of
Acapella in post-operative cardiac patients.
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Background: Knee Osteoarthritis is the most commonly a®ected joint among Africans. There is a shred
of preliminary evidence that a high body mass index (BMI) is associated with high kinesiophobia. Little is
known about the relationships of psychosocial factors such as Kinesiophobia, Pain Catastrophizing (PC),
Self-E±cacy (SE), and BMI among Nigerians with knee OA.
Objective: This study aims to determine the relationships between BMI and selected psychosocial factors
(kinesiophobia, pain catastrophizing, and self-e±cacy) among individuals with knee OA in Nigeria.
Methods: Seventy-seven consecutively sampled patients diagnosed with knee OA from three selected public
hospitals in Enugu, South-East Nigeria, participated in this cross-sectional survey. Brief Fear of Movement
Scale for Osteoarthritis (BFMSO), Pain Catastrophizing Scale (PCS), and Arthritis Self-E±cacy Scale-8 item
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(ASES-8 item) were used to assess Kinesiophobia, PC, and SE, respectively. Also, a stadiometer and weighing
scale were used to determine height and weight respectively. Data were analyzed using Pearson's correlation
coe±cient at p < 0:05 and multiple linear regression.
Results: Participants were aged 58:04� 12:46 years. Female participants had a higher BMI (31:51� 6:82)
than the males (26:86� 3:03). The mean scores for BMI of the right knee, left knee, and bilateral knees were
29:00� 5:35, 24:78� 3:74, and 33:02� 6:80, respectively. Signi¯cant positive correlations were found be-
tween BMI and PC (r ¼ 0:35) whereas signi¯cant negative correlations existed between BMI and SE
(r ¼ �0:30). Signi¯cant predictive markers of BMI were PC (� ¼ 0:21) and SE (� ¼ �0:89).
Conclusion: Body mass index, PC, and SE correlate signi¯cantly in individuals with knee OA. The results
call for the routine integration of psychologically-informed physiotherapy practice in the management of knee
OA.

Keywords: Body mass index; kinesiophobia; pain catastrophizing.

Introduction

Osteoarthritis (OA) of the knee causes the greatest
burden to the adult population through disability
which is the resultant e®ect of joint pain and
sti®ness.1 Accordingly, it is the most common form
of OA among Africans.1 In Nigeria, it accounts for
65–78% of cases in hospitals.2–4 Epidemiological
studies have revealed that there are both endoge-
nous or systemic (such as age, gender and genetic)
and exogenous or local (for example obesity,
microtrauma, knee joint alignment, repetitive use
of joints, bone density, muscle weakness, and joint
laxity play) risk factors for knee OA.5–7 One of the
strongest and best-established modi¯able exoge-
nous potent risk factors is also included but is not
limited to overweight and obesity.5,8,9

The literature suggested that the relationship
between obesity fBody Mass Index (BMI) > 30g
and knee OA is stronger than with hip OA.7 The
Chingford study showed that for every two-unit
increase in BMI (approximately 5 kg), the odds
ratio for developing radiographic knee OA in-
creased by 1.36.10,35 A strong association exists
between high BMI and the incidence of knee OA.
Higher BMI values (greater or equal to 30 kg/m2)
negatively impact the musculoskeletal system as
mechanical stress and in°ammation increase in
joints and body tissues result in pain and limitation
to physical activities.11–13 Furthermore, these BMI
values are associated with greater adverse e®ects
such as a higher risk of several negative psycho-
logical alterations, especially, among obese women;
probably due to increased societal pressures on
women to be thin.14 These psychological dis-
comforts include but are not limited to stigma, fear

of falling, low self-e±cacy pain catastrophizing
(PC) and fear of movement particularly due to
joint pain.13,15–17

Preliminary evidence reveals that high BMI
(morbid obesity) is associated with high kinesio-
phobia.13,34 More so, higher PC relates to lower SE
for pain control, physical function emotional
symptoms as mediators among individuals with
high BMI values (between 25 kg/m2 and 42 kg/
m2).18 It has been reported that Nigerians, gener-
ally have low physical activity levels.19–21 We,
therefore, hypothesized that owing to knee OA and
the resultant avoidance of physical activity, dis-
ability, and worsening of pain,13 there would be
lower levels of psychological health, especially
among obese individuals with knee OA in Nigeria.
Published studies on the relationships between
BMI and kinesiophobia, pain catastrophizing, SE
among individuals with knee OA are limited par-
ticularly in Nigeria. This study was, therefore,
designed to investigate the relationships between
BMI and selected psychosocial factors (kinesio-
phobia, pain catastrophizing, and self-e±cacy)
among patients diagnosed with OA of the knee in
Nigeria.

Method

Ethical approval was sought and obtained from the
University of Ibadan/University College Hospital
Health Research Ethics Committee as well as the
selected hospitals (University of Nigeria Teaching
Hospital, Parklane and National Orthopaedic
hospitals) for data collection before the com-
mencement of the study.
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Participants

Consecutive sampling technique was used to re-
cruit 77 patients who ful¯lled all the inclusion cri-
teria. After recruitment, all patients consented to
participate in the study and therefore, completed
demographic/clinical data forms and the selected
instruments. They were Igbo-literate or English-
literate patients with chronic clinical and radio-
logical features of only knee OA using
the American College of Rheumatology (ACR)
Clinical Classi¯cation Criteria for OA of the knee.
Patients with prior knee surgery, acute knee trau-
ma, and any other form of arthritis or intra-
articular corticosteroid injection to the knee(s)
three weeks before recruitment for the study were
excluded from the study. Each participant's height
(in meters) and weight (in kilogram) were mea-
sured to determine their BMI [m/kg2].

Measures

. Kinesiophobia

The Brief Fear of Movement Scale for Oste-
oarthritis (BFMSO) is an adapted version of the
Tampa Scale of Kinesiophobia (TSK) for patients
with OA which consists of six items. The scale has
sound psychometric properties including conver-
gent validity.22 Possible scores range from 6 to 24,
with higher scores (�15) representing a high
degree of kinesiophobia.23

. Pain Catastrophizing

The Pain Catastrophizing Scale (PCS) was
used as a measure of pain catastrophizing. The
PCS is a 13-item self-report measure with three
subscales of magni¯cation, rumination, and help-
lessness.24 The PCS has excellent psychometric
properties, including adequate to excellent internal
consistency,25–27 test–retest reliability, good con-
vergent validity, and constructs validity. Total
score ranges from 0 to 52 with scores 30 and above
representing a clinically relevant level of
catastrophizing.25

. Self-e±cacy

SE was assessed with Arthritis Self-e±cacy
Scale-8 Item (ASES-8), the shortened form of
the original ASES 20-item which consists of eight
items with no subscales. The total score is the
mean of the eight items with higher scores denoting
greater SE.28 The scale demonstrates high internal

consistency28 and positively correlates with other
measures of self-rated health status and physical
performance but negatively correlates with arthri-
tis symptoms (pain, fatigue, and sti®ness).28

. Anthropometric characteristics

Each participant's height was measured in cen-
timeters (converted to meters) and weight was
measured without shoes to the nearest 1 kg using a
weighing scale balance (electronic digital) with a
height meter (Zt-120). BMI was calculated from
these measures using the formula: BMI (kg/m2) ¼
weight (kg)/(height (m))2.

. Demographic characteristics

Age, gender and joint a®ected were assessed using
a demographic questionnaire.

Data analysis

Categorical variables (gender and joint a®ected)
were represented using counts and proportions
(%). Descriptive statistics (mean and SD) were
calculated for selected psychosocial variables
(kinesiophobia, pain catastrophizing, and self-
e±cacy) and BMI for each category. Pearson's
correlation coe±cient was used to determine the
correlation between the scores of each selected
psychosocial variable and BMI. The closer the co-
e±cient is to zero (from either þ or �), the less
strong the relationship and vice versa.29 From this
study, the correlation coe±cient (r) values for
most of the variables were weak (very close to zero:
0.20–0.39). The relationships would have been
stronger if the correlation coe±cient were closer to
one. Multiple linear regression analysis was used to
determine the e®ect of each of the independent/
predictor variables (selected psychosocial factors)
on the dependent (outcome) variable (BMI). The
level of signi¯cance was set at 0.05.

Results

Summary of participant's
characteristics

Seventy-seven (15 males, 62 females) consecutively
sampled patients with knee OA (mean age: 58:04�
12:46 years) participated in this study. The mean
scores of Kinesiophobia, Pain Catastrophizing, and
SE of all the participants were 14:05� 3:61,
16:43� 9:99, and 7:53� 1:87, respectively. Overall
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average BMI was 30:60� 6:51 kg/m2. For joint
a®ectation, the mean BMI of the right knee only,
left knee and bilateral knee were 29:00� 5:35
kg/m2, 24:78� 3:74 kg/m2, 33:02� 6:80 kg/m2,
respectively as shown in Table 1. The BMI of
female participants (31:51� 6:82 kg/m2) was more
than the male (26:86� 3:03 kg/m2). Furthermore,
women reported higher scores on kinesiophobia

(14:42� 3:55), PC (17:23� 9:16), and SE
(7:56� 1:88) than the males (12:53� 3:58,
13:13� 12:73, 7:40� 1:90, respectively). Signi¯cant
positive correlations were found between BMI and
PC(r ¼ 0:35) whereas signi¯cant negative correla-
tions existed between BMI and SE(r ¼ �0:30)
(Table 2). Signi¯cant predictive markers of BMI
were PC(� ¼ 0:21) and SE(� ¼ �0:89) (Table 3).

Table 1. Characteristics of participants and mean scores of body mass index, kinesiophobia, pain catastrophizing, and SE
across descriptive variables.

Mean scores

Variables Categories Frequency Percentage (%) BMI (kgm2) K PC SE

Sex Male 15 19.5 26:86� 3:03 12:53� 3:58 13:13� 12:73 7:40� 1:90
Female 62 80.5 31:51� 6:82 14:42� 3:55 17:23� 9:16 7:56� 1:88

Joint a®ected Right only 32 41.6 29:00� 5:35 13:19� 3:72 18:34� 10:35 7:87� 1:72
Left only 7 9.1 24:78� 3:74 15:29� 3:35 8:00� 5:54 8:36� 1:01
Right and left 38 49.4 33:02� 6:80 14:55� 3:49 16:37� 9:68 7:09� 2:03

Total 77 100 30:60� 6:51 14:05� 3:61 16:43� 9:99 7:53� 1:87

Table 2. Relationship among body mass index, kinesiophobia, pain catastrophizing, and self-e±cacy:
Pearson's correlation matrix.

Correlation coe±cients

Variables Body mass index Kinesiophobia Pain catastrophizing Self-e±cacy

Body mass index r 1 0.06 0.35* �0:30*
p 0.60 0.00 0.01

Kinesiophobia r 0.06 1 0.28* �0:01
p 0.60 0.01 0.92

Pain catastrophizing r 0.35* 0.28* 1 �0:28*
p 0.00 0.01 0.01

Self-e±cacy r �0:30* �0:01 �0:28* 1
p 0.01 0.92 0.01

Notes: r - Correlation coe±cient, p - Probability of error, and * - Signi¯cant Correlation at p < 0:05.

Table 3. Variables associated with BMI in the multivariate analyses.

Outcome variables Predictor variables � Standard error t p F R2

Body mass index
Kinesiophobia �0:08 �0:05 �0:42 0.68 5.69 (p < 0:05) 0.19
Pain catastrophizing 0.21* 0.33 2.96 0.00
Self-e±cacy �0:89* 0.37 �2:40 0.02

Notes: � ¼ Contribution of each variable (Unstandardized coe±cient for applied studies), R2 ¼ Quality of the
¯tness of the models; coe±cient of determination, F ¼ Joint signi¯cance of all the variables in the model, p ¼
Probability of error, and * ¼ Signi¯cant predictor variables at p < 0:05.
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Discussions

This study appears to be the ¯rst to examine the

relationship between BMI and selected psychoso-

cial factors among individuals with knee OA in

Nigeria. The mean age (58:04� 12:46 years) of the

participants from this study supports the de¯nition

of OA by the American College of Rheumatology

as a disease that most often a®ects middle-aged to

elderly people.30 One of the most interesting ¯nd-
ings of this study was that the BMI of female
participants appeared higher (class I obesity) than
that of the male participants (overweight), even
though both genders had BMI values above the
normal range. On a general note, the average BMI
of all the participants was high (30:60� 6:51); this
reveals that Nigerians with knee OA (particularly
middle-aged) appear to be obese. More so, the
mean scores of the selected psychosocial factors
were higher among women than men. This is not
consistent with previous studies whereby no dif-
ference in PC was found between men and women
with knee OA and on kinesiophobia, men reported
higher scores than women.31,32 The mean scores
of both kinesiophobia and PC (14:05� 3:61,
16:43� 9:99, respectively) of the participants
appeared clinically insigni¯cant. However, the
mean BMI score for bilateral knee OA was ob-
served to be higher (mildly obese) than unilateral
OA. A signi¯cant positive correlation was found
between BMI and PC (r ¼ 0:35, p � 0:01) whereas
a signi¯cant negative correlation existed between
BMI and SE (r ¼ �0:30, p � 0:01). This supports
the ¯ndings from the study of Somers and collea-
gues33 that both BMI and PC are directly propor-
tional. An insigni¯cant correlation was found
between kinesiophobia and BMI (r ¼ 0:06,
p � 0:60). This suggests that the high mean BMI
value of the participants was not signi¯cant enough
to lead to kinesiophobia. Taking together, these
¯ndings suggest that BMI though relates statisti-
cally signi¯cant with pain catastrophizing, but in a
clinically insigni¯cant manner. Also, high BMI in
knee OA has a negative in°uence on self-e±cacy.

Our ¯ndings regarding the relationship between
BMI and kinesiophobia, pain catastrophizing, SE
among patients with knee OA have two important
clinical implications. First, they suggest that clin-
icians working with patients with knee OA should
be more aware of their BMI. It could be useful, for
example, to include an assessment of kinesiopho-
bia, pain catastrophizing, and SE in the clinical

evaluation of patients with high BMI. Secondly,
identifying patients with increased BMI who are
prone to these psychosocial factors could lead to
timelier referral of patients for interventions
designed to reduce both BMI and psychosocial
factors. BMI is a modi¯able risk factor of knee OA
and reductions in this could potentially decrease
PC and enhance the SE of individuals with knee
OA. It would be pertinent to study the relationship
between kinesiophobia and BMI in classes II and
III obese individuals with knee OA, as no signi¯-
cant relationship existed between the two variables
in this study, that is, among overweight and class I
obese individuals. Studies on the relationship be-
tween BMI and other psychosocial factors are
needful.

Summary

This study appears to be the ¯rst to demonstrate
signi¯cant relationships amongst BMI, PC and SE
in Nigerians with knee OA. BMI has psychosocial
e®ects, especially, among individuals with knee OA
in Nigeria. The predominance of knee OA and in-
creased BMI value among Nigerian women with
knee OA calls for a more detailed and adequate
assessment and management. Our ¯ndings re-
garding the relationships between BMI and pain
catastrophizing, and SE raises the intriguing pos-
sibility that robust assessment of BMI and these
psychosocial factors in the management of knee
OA could lead to better diagnosis with resultant
optimal care. In addition to this, Psychologically-
Informed Physiotherapy Practice (PIPP) would be
ideal in the management of patients with knee OA
who have an overlay of these psychosocial factors.
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Objective: The aim of this study was to test the e®ectiveness of mobile app in delivering home-based
rehabilitation program for improving functional outcomes and reducing caregiver stress with enhancing
adherence among the elderly patients with hip fracture.
Methods: A randomized controlled trial with an intervention period of two months was performed. Eligible
participants were randomized into either experimental group with home-based rehabilitation program using a
mobile app or control group with home-based rehabilitation program using an exercise pamphlet. Primary
outcomes were Modi¯ed Functional Ambulatory Category (MFAC), Elderly Mobility Scale (EMS) and
Lower Extremity Functional Scale (LEFS). Secondary outcomes were exercise adherence and Modi¯ed
Caregiver Strain Index (M-CSI). The outcomes were collected at pre-discharge training session, one month
and two months after hospital discharge.
Results: A total of 50 participants were enrolled, with 19 participants in the experimental group and 20
participants in the control group. Eleven participants had withdrawn from the study. The experimental
group showed higher exercise adherence than the control group in ¯rst month (p ¼ 0:03). There were no
between-group di®erences in MFAC, EMS, LEFS and M-CSI at the ¯rst month and second month.
Conclusion: Use of the mobile app improved exercise adherence, yet it did not improve physical perfor-
mance, self-e±cacy and reduce caregiver stress when compared to a standard home rehabilitation program for
elderly patients with hip fracture. Further studies to investigate the bene¯ts of mobile apps are required.
(ClinicalTrials.gov ID: NCT04053348.)

Keywords: Caregivers; exercise; hip fractures; mobile application.

Introduction

About half of women and a quarter of men su®er
from a fragility bone fracture in their lifetime,1,2

which is mostly associated with fall.2 Hip fracture
is commonly seen among all fragility fracture cases
and it places an increasing burden on healthcare
service providers around the world. A global esti-
mation on the number of hip fractures in 2050 is
between 7.3 million and 21.3 million,3 and over half
of them will occur in Asia due to the higher growth
of ageing population in many Asian regions.4 A
2015 study showed that there was a steady increase
in the incidence of geriatric hip fracture in Hong
Kong.5 Assuming no increase in age-speci¯c rates,
the estimated annual incidence of elderly hip frac-
ture in 2040 is more than 14,500.5

Previous studies showed that post-fracture lim-
itations, such as impaired balance,6 decreased
mobility and lower limb strength,6,7 restrained el-
derly patients with hip fracture from participating
in daily activities to live independently and safe-
ly.6,8 Functional performance of these patients was
greatly a®ected by these limitations. More than
half of them failed to regain pre-fracture functional
abilities two years after injury and they have a
moderate-to-high risk of further falls.8,9 Main fac-
tors a®ecting functional performance were pre-
fracture ambulatory level and age.10 Post-fracture
limitations also increase the burden of informal

caregivers, who are responsible for providing
assistance to patients in performing their daily
activities safely. A study reported that 50% and
26% of caregivers perceived a high level of caring
stress at one month and one year after the patients
were discharged from hospital, respectively.11

Factors in°uencing caregiver stress level, such as
pre-fracture functional level, caregiver–patient re-
lationship and age of patients, were also identi¯ed
in the study.11

Provision of educational materials, which con-
sist of home exercises and caring skills, is essential
for patients and caregivers to take responsibility
and manage their conditions at home. Adherence
to home exercises has been shown to be associated
with improved patient outcomes.12,13 Educational
materials are conventionally delivered through
paper handouts, which are reliable and convenient
for distribution. However, written texts and illus-
trations could be incomprehensible, leading to a
decrease in patients' exercise adherence at home.14

Other possible factors, such as self-e±cacy, age and
perceived social support from family, were shown
to be associated with exercise adherence.15

Use of mobile apps in exercise education was
shown to improve exercise knowledge and self-
e±cacy when compared with the use of paper
handouts.16 Some researchers have therefore di-
rected their attention in evaluating the strategy
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of using technology to improve patients' exercise
adherence and outcomes. Recent randomized
controlled trials (RCTs) reported greater adher-
ence to home programs, which were delivered
with an Internet-based self-monitoring system via
mobile phones, in patients with hemophilia-related
knee dysfunction and musculoskeletal conditions,
respectively.17,18 Promising results were also
reported with the use of mobile apps to improve
adherence and outcomes in other health areas, such
as weight loss and diabetic management.19,20

However, elderly patients may ¯nd di±culties in
using mobile apps and experience usability issues,
such as limited screen size of mobile devices and
complicating app interactions.21 Successful appli-
cation of mobile apps in populations with di®erent
health conditions may not be transferable to geri-
atric populations with hip fracture. Thus, a joint
research team with the collaboration among
Physiotherapy Department of Tai Po Hospital
(TPH) in New Territories East Cluster (NTEC),
Hong Kong Polytechnic University Rehabilitation
Science (HKPURS) Department and NTEC Infor-
mation Technology Department was formed to con-
duct a study to test the e®ectiveness of mobile app in
delivering home-based rehabilitation program for
improving functional outcomes and reducing care-
giver stress with enhancing adherence among the
elderly with hip fractures.

The study's primary hypothesis is that the
home-based rehabilitation program delivered using
mobile app will result in better functional out-
comes compared to usual care delivered using the
conventional paper handouts. Secondary hypothe-
sis is that mobile app intervention will result in
better adherence and lesser caregiver burden.

Method

Study design

It was a parallel, two-arm (experimental control),
RCT with a two-month intervention period (see
Fig.1).

Participants

All patients were recruited from the inpatient Ge-
riatric Hip Fracture Rehabilitation Program in the
Department of Orthopaedic Rehabilitation (DOR)
of Tai Po Hospital. Tai Po Hospital is a tertiary-
care hospital and it provides rehabilitation services

to hip fracture patients who are transferred from
acute hospitals in the New Territories East Cluster.
To be eligible for enrolment, patients ful¯lled the
following inclusion criteria: (1) have a primary di-
agnosis of hip fracture; (2) be 60–90 years old; (3)
be literate enough to read and understand simple
questions in Chinese; (4) be discharged home and
taken care by caregiver; (5) have at least category
three measured by the Modi¯ed Functional Am-
bulatory Category (MFAC) upon discharge; (6)
have access to a smartphone or tablet (iOS or
Android platform); (7) have signed the written
informed consent. The exclusion criteria were as
follows: (1) have a bilateral hip fracture or hip
fracture is the result of a malignancy; (2) have
signi¯cant cognitive de¯cits with a score of less
than 19 in Hong Kong Version of Montreal Cog-
nitive Assessment (HK-MoCA)22; (3) have signi¯-
cant cardiopulmonary contraindications or pre-
existing conditions that preclude participation in
an exercise program; (4) have a terminal illness
(survival expected to be less than one year); (5)
have severe visual de¯cits or legally blind.

Based on the power being set at 0.80, type-1
error � of 0.05 and previous similar studies,23,24 the
sample size needed in this design to run two-way
repeated measures analysis of variance (ANOVA)
was 126 (63 participants per group). This sample
achieved 80% power to test the main e®ect if
Geisser–Greenhouse Corrected F -test was used
with a 5% signi¯cance level and an e®ect size of
0.42. It also achieved 82% power to test the inter-
action e®ect if Geisser–Greenhouse Corrected
F -test was used with a 5% signi¯cance level and an
e®ect size of 0.41. With the consideration of pos-
sible drop-out of the participants (an estimated
15% attrition), a total of 144 participants (72
participants in each group) should be recruited for
the whole study.

Potential participants were identi¯ed by case
physiotherapists a week before discharge and these
participants received brief information about the
study. Research team members approached the
participants who agreed to be contacted for further
explanation of the study. A written informed con-
sent was obtained from each participant before
enrolment. Once enrolled, case physiotherapists
assessed the participants to collect baseline char-
acteristics. The participants were then allocated
to either experimental group or control group using
a computer-generated randomization sequence.
Ethical approval was obtained from the Joint

E®ect of mobile app in elderly with hip fracture 101

September 21, 2022 8:46:45am WSPC/309-HKPJ 2250010 ISSN: 1013-7025



Chinese University of Hong Kong–New Territories
East Cluster Clinical Research Ethics Committee
before start of the study.

Potential risk and preventive
measures

All participants recruited were screened by phy-
siotherapists according to the exercise prescription
guidelines of the American College of Sports
Medicine (ACSM) for any contraindications.25

Suitability of participating in home exercise pro-
grams was assessed by physiotherapists based on
environmental risk, fall risk and competence of
participants or caregivers in performing home
exercises. Participants should have su±cient space
and appropriate supporting furniture at home for
performing the exercises. Both participants and
caregivers should also have a good understanding
of prescribed exercises so that participants could
perform the exercises safely. Caregivers should be
able to supervise patients in performing home
exercises.

Intervention

A brie¯ng session was arranged for all participants
with their caregivers before hospital discharge.
This session included provision of home-based re-
habilitation program and caregiver education by
case physiotherapists. For participants and care-
givers in the experimental group, they were
instructed to install the mobile app in the partici-
pants' mobile devices. A smart tablet (240mm �
169.5mm), which also had the mobile app instal-
led, could be loaned to those participants without
any suitable mobile devices. They learnt how to
operate the mobile app and perform exercises along
with exercise videos embedded in the app. For
participants and caregivers in the control group,
they received an exercise pamphlet and a caregiver
skill pamphlet instead of the mobile app. The
pamphlets consisted of written texts and printed
illustrations. Both groups received the same home-
based rehabilitation program and caregiver skill
information. The caregiver education involved
demonstration on assisting patient in transfer and
ambulation (Table 1). Physiotherapists assessed
the participants during the brie¯ng session and if
there were any tasks that required assistance to
complete safely, physiotherapists would instruct

the caregivers to view the corresponding educational
material in the mobile app or pamphlet.

The home-based rehabilitation program for hip
fracture patients involved a combination of train-
ing focused on strength, coordination and func-
tional movements of geriatric hip fracture patients.
All exercises in the rehabilitation program were
safe for patients who underwent di®erent hip
fracture operations. There were four levels of dif-
¯culty, consisting of four–six exercises in each ex-
ercise level (Table 2). Participants were instructed
to perform the prescribed level of exercises once per
day with the course length varying from 20min to
30min. The progression level of the exercise pro-
gram was reassured by the domiciliary phy-
siotherapists during weekly home visits based on
clinical performance of the participants. To ensure
safety in performing home exercises without a
physiotherapist, participants were required to
perform the prescribed exercises correctly in the
brie¯ng session. Literacy of the caregivers was also
assessed by physiotherapists. They were required
to demonstrate the use of mobile app or exercise
booklet, and explain the prescribed exercises to
physiotherapists at the end of the brie¯ng session.

Mobile app development and features

A steering group including physiotherapists, infor-
matics and university research experts was formed to
co-design the app, formulate the study design and
compose educational content for the patients.
Meetings were also held with all involved clinicians to
re¯ne the mobile app before study commencement.

The mobile app was developed to facilitate the
implementation of a home-based rehabilitation
program. Participants could use this mobile app to
follow home-based exercises prescribed by their
physiotherapists, track their exercise progress and
obtain relevant information about hip fracture re-
habilitation. Their caregivers could also refer to

Table 1. Tasks included in the caregiver education.

Category Task

A. Patient Transfer From lying to sitting
From sitting to standing
Bed-to-chair transfer

B. Patient Ambulation Level ground walking
Stairs walking
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this information to learn about how to assist their
care receivers. The features of the mobile app
include the following:

(1) Exercise program: Preloaded exercises at four
di®erent levels of di±culties for the geriatric
hip fracture patient (Table 2).

(2) Progress summary: It allows patients to see
their progress and ultimately improve their
self-e±cacy through completion of tasks. A
summary of the rehabilitative exercises com-
pleted by the patient will be presented in cal-
endar format for easy interpretation.

(3) Push reminder: It alerts the participants to
follow the exercise schedule and sends out
motivational message to encourage them.

(4) Rehab knowledge: It allows participants and
their caregivers to obtain knowledge on post-
hip fracture management including the related
surgical intervention, post-operative manage-
ment and precautions.

(5) Caregiver skill: Video libraries of a wide range of
practical skills and information about taking

care of geriatric hip fracture patient for the
caregivers.

(6) Support information: Useful online health
information and supporting resources for
participants and caregivers.

Outcomes

Demographic data of the patients including age,
gender, post-operation duration and length of
hospital stay was collected upon discharge.
Assessments on speci¯c outcomes were conducted
at pre-discharge training session (T0Þ by the case
physiotherapists, ¯rst month (T1Þ and second
month (T2Þ post-discharge by domiciliary phy-
siotherapists during home visits. There were three
primary and two secondary outcomes.

Primary outcomes

Modi¯ed functional ambulatory category

The MFAC is a seven-point Likert scale to classify
a patient's walking capacity. Gait is divided into

Fig. 1. Flow diagram of trial.
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seven categories, ranging from no ability to walk
and requires manual assistance to sit or is unable to
sit for 1 min without back or hand support (MFAC
1) to the ability to walk independently on level and
non-level surfaces, stairs and inclines (MFAC 7).26

The inter-rater reliability of MFAC [the intraclass
coe±cient (ICC)] was 0.982 (0.971–0.989), with a
kappa coe±cient of 0.923 and a consistency ratio of
94% for the stroke patient. The ICC of MFAC in
patients with hip fractures was 0.96.26

Elderly mobility scale

The Elderly Mobility Scale (EMS) was used to
assess an individual's mobility problems through
seven functional activities including lying, sitting,
standing and walking.27 The possible total score is
20. Patients receiving a score under 10 indicate
that they are dependent on mobility and activities
of daily living (ADL). Patients receiving a score
between 10 and 13 indicate that they are marginal
in terms of safe mobility and independent in
ADL. Patients receiving a score over 14 indicate
that they are able to perform mobility and ADL
independently and safely. EMS demonstrated good
inter-rater reliability and concurrent validity.28

Lower extremity functional scale

Lower Extremity Functional Scale (LEFS) is a 20-
item questionnaire intended to measure patients'
functions with a wide range of lower extremity

conditions.29 Each item is rated on a ¯ve-point
scale (0 = extreme di±culty or unable to perform
activity, 4 = no di±culty); total scores range from
0 to 80, and lower scores represent greater di±-
culty. It has been shown to be highly reliable,
correlates with other constructs and is an inde-
pendent predictor of the patient and physician's
assessment of change in patients.29 The minimal
clinically important di®erence (MCID) for the
LEFS is nine points.29 This questionnaire has been
validated in Taiwan-Chinese version.30

Secondary outcomes

Exercise adherence

Adherence to the prescribed home-based rehabili-
tation program was collected in both groups at the
¯rst month (T1Þ and second month (T2Þ after dis-
charge using exercise logs. Participants were asked
to record their exercise logs either by the use of
the mobile app for the experimental group or by
exercise diaries provided for the control group.
Collected exercise logs were used to calculate the
percentage of the number of exercise sessions
completed to the number of exercise sessions
prescribed in the two-month period.

Modi¯ed caregiver strain index

The original version of the Caregiver Strain Index
(CSI) was developed in 1983. It was designed to

Table 2. Four levels of di±culty in the home-based rehabilitation program.

Levels of di±culty

Exercise item Equipment needed Training side Dose 1 2 3 4

1. Knee extension in sitting
(resistance�Þ

Resistance band Both Ten repetitions for two sets
p p p p

2. Ankle plantar°exion in
sitting (resistance�Þ

Resistance band Both Ten repetitions for two sets
p p p p

3. Sit-to-stand (assisted) Table Both Ten repetitions for two sets
p

4. Sit-to-stand (aided) Table Both Ten repetitions for two sets
p

5. Sit-to-stand (unaided) Table Both Ten repetitions for two sets
p

6. Knee °exion in standing Table Both Ten repetitions for two sets
p

7. Hip abduction in standing Table Both Ten repetitions for two sets
p

8. Hip abduction in standing
(resistance�Þ

Table + Resistance band Both Ten repetitions for two sets
p p

9. Mini-squat Table Both Ten repetitions for two sets
p

10. Lunge Table Both Ten repetitions for two sets
p p

11. Toe and heel raise in standing Table Both Ten repetitions for two sets
p

12. Hip marching in standing Table Both Thirty repetitions for two sets
p

Note: �Resistance: A resistance band was used, providing 4-lb resistance at 100% elongation.
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detect the physical, psychological, social and
¯nancial strain of the informal caregiver. It con-
sisted of 13 items. There were only two options for
the respondent to choose (score 1 if the respondent
chose \yes", otherwise score 0 if the respondent
chose \no"). The CSI was modi¯ed later in 2003.
Some of the items were rephrased and one option
category (yes, sometimes) was added. There were
three option categories for the respondents to
choose and the score ranged from 0 to 26. Care-
givers would face a high level of strain with high
CSI score. The modi¯ed version of CSI [i.e. the
Modi¯ed Caregiver Strain Index (M-CSI)] achieved
a high internal reliability (� ¼ 0:90).31 Chan et al.
examined whether M-CSI was still valid when it
was applied on the Hong Kong Chinese caregivers
in 2013. They validated the Chinese version of the
Modi¯ed Caregiver Strain Index and the results
showed that it achieved a good internal reliability
(� ¼ 0:91).32

Data analysis

Independent t-test and Pearson's Chi-square test
were used to compare the baseline characteristics
between the two groups. One-way repeated mea-
sures ANOVA was conducted to see the within-
group di®erences at di®erent assessment occasions.
If there was a signi¯cant di®erence within a group,
a post-hoc paired t-test would be conducted to
evaluate this within-group di®erence. Additionally,
a two-way repeated measures ANOVA was used to
¯nd out if there was any signi¯cant interaction
e®ect between the two groups across di®erent as-
sessment occasions. If there was a signi¯cant e®ect
between the two groups, a post-hoc independent
t-test would be carried out with Bonferroni cor-
rection. All statistical analyses were performed
using the IBM SPSS program version 28 for Win-
dows; the signi¯cance level was set at p < 0:05.

Results

From October 2019 to March 2021, 50 participants
were recruited and randomized into experimental
and control groups. Eleven participants withdrew
from the study, with eight participants refusing
home visits, one participant having deterioration of
medical condition and two participants being un-
able to contact. There were no adverse events that
occurred as a result of participation. The proposed
sample size of 144 participants was unable to be

achieved in this study due to a signi¯cant decrease
in the number of eligible participants in the hos-
pital after the outbreak of COVID-19. High drop-
out rates of participants due to refusal of home
visits were observed. Thirty-nine participants com-
pleted the study and data was collected for analysis,
including 19 participants in the experimental group
and 20 participants in the control group. Data
normality was checked using the Shapiro–Wilk test.
Since the test results suggested non-normality, non-
parametric tests for data analysis were adopted.
Mann–Whitney U-test and Pearson's Chi-square
test were used to compare the baseline character-
istics between the two groups. Friedman test was
conducted to see the within-group di®erences at
di®erent assessment occasions. If there was a sig-
ni¯cant di®erence within a group, post-hoc Wil-
coxon signed-rank test would be carried out with
Bonferroni correction. Mann–Whitney U-test was
used to compare the between-group di®erences. For
all participants in both groups, the mean age was
77.4 years and the percentage of males was
51.3%. As shown in Table 3, there were no signi¯-
cant di®erences in the baseline characteristics of
participants between the experimental and control
groups.

Primary outcomes

There was a signi¯cant increase in MFAC, EMS
and LEFS in both groups from baseline to the
second month, yet no signi¯cant di®erence between
the groups was observed. The experimental group
showed a signi¯cant increase in EMS and LEFS
from baseline to the ¯rst month, whilst the control
group showed a signi¯cant increase in LEFS only
(Table 4). There were no signi¯cant di®erences in
MFAC, EMS and LEFS among both groups at the
¯rst month and second month (Table 5).

Secondary outcomes

The experimental group showed better exercise
adherence than the control group with signi¯cant
di®erence in the ¯rst month. Although exercise
adherence in the experimental group was still
higher than the control group in the second month,
there was no signi¯cant di®erence among the two
groups (Table 5). Signi¯cant reduction in M-CSI
was observed in both groups from baseline to the
second month, yet no signi¯cant di®erence between
groups was observed (Table 4).
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Table 4. Comparison of outcome measures from baseline to one month and from baseline to two months.

From baseline to one month (T0–T1Þ Between-group From baseline to two months (T0–T2Þ Between-group

Exp. (n ¼ 19) Con. (n ¼ 20) p-value Exp. (n ¼ 19) Con. (n ¼ 20) p-value

MFAC 0.901 0.728
Median 1 0.5 1 1
(IQR) (0–1) (0–1) (0.5–2) (0–1.5)
p-Value 0.266 0.399 0.002� 0.008�

EMS 0.351 0.647
Median 3 2 4 3
(IQR) (1–5.5) (0.5–5) (2–7) (2.5–5)
p-Value 0.004� 0.081 <0.001� <0.001�

LEFS 0.945 0.411
Median 16 13.5 18 22
(IQR) (10.5–22) (8.5–21) (13–34) (19–33)
p-Value 0.005� 0.01� <0.001� <0.001�

M-CSI 0.184 0.531
Median �1 �2 �2 �3
(IQR) (�3–0) (�4.5–�1) (�7–0) (�6–�1)
p-Value 0.370 0.002� <0.001� <0.001�

Note: Exp.: Experimental group; Con.: control group; IQR: interquartile range; di®erence within groups by the post-hoc Wil-
coxon signed-rank test; di®erence between groups by the Mann–Whitney U-test. �p < 0:05.

Table 3. Baseline characteristics of the participants.

Participants' characteristics
Experimental group

(n = 19)
Control group

(n ¼ 20)
p-Value

(Mann–Whitney UÞ
p-Value

(Chi-square)

Age (years), mean (SD) 75.8 (7.2) 79 (8.8) 0.204
Gender, number of males (%) 12 (63.5) 8 (40) 0.148
Premorbid MFAC (SD) 6.8 (0.7) 6.7 (0.9) 0.813
Types of fracture (%) 0.329
Femoral neck 10 (52.6) 12 (60)
Inter-trochanteric 7 (36.8) 8 (40)
Sub-trochanteric 2 (10.5) 0 (0)

Types of operation (%) 0.276
Hemiarthroplasty 7 (36.8) 6 (30)
Total hip replacement 0 (0) 3 (15)
Dynamic hip screw 2 (10.5) 0 (0)
Cannulated screw 2 (10.5) 2 (10)
Intramedullary nail 8 (42.1) 9 (45)

Hospitalization (days), mean (SD) 26.5 (3.9) 26.5 (4) 0.728
Caregiver relationships (%) 0.418
Spouse 8 (42.1) 5 (25)
Children 11 (57.9) 13 (65)
Relative 0 (0) 1 (5)
Domestic helper 0 (0) 1 (5)

MFAC (SD) 5.5 (1) 5.3 (1.1) 0.550
EMS (SD) 11.8 (5.2) 12 (3.5) 0.687
LEFS (SD) 25.7 (15.9) 20.5 (7.9) 0.496
M-CSI (SD) 6 (6.4) 4.8 (4.7) 0.879

Note: Di®erence between groups by the Mann–Whitney U-test or Chi-square test.
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Discussion

The aim of this study was to investigate the e±-
cacy of a home-based rehabilitation program using
a mobile app on elderly patients with hip fracture
and their caregivers. The results showed that these
patients using the mobile app had better exercise
adherence when compared to using pamphlets.
There were two features in the mobile app, which
pamphlets could not provide, that might lead to
higher motivation of patients in performing exer-
cises. First, a daily exercise reminder using text
messages was delivered to patients' mobile devices.
This feature was highly noticeable as the reminder
activated with an audible alarm that drew the at-
tention of the elderly patients. The patients could
then see the motivational messages as soon as they
picked up the mobile devices. Text messaging was
already shown to be an e®ective intervention in
improving exercise adherence among elderly pop-
ulation.33 Second, video-guided exercise programs
were embedded in the mobile app so that patients
could perform exercise along with the videos.
Compared to text and illustrations, video demon-
strations were able to provide clear and timely
instructions, such as close-up views and verbal
cues for better exercise techniques. This mode of

exercise instruction might improve patients' con-
¯dence in performing the home-based exercises
without therapists' supervision. A study suggested
that there was a positive correlation between self-
e±cacy and adherence rate to exercise interven-
tions for hip fracture patients.34 The e®ect of
increased exercise adherence in patients using the
mobile app was not existent in the second month.
It might be due to a possibility that the patients
began to disregard the daily exercise reminder, as
the e®ect of motivational messages was known
to diminish over time.35 Future development of
mobile app could investigate the possibility of
sending feedback to the therapists when under-
utilization of the mobile app was detected, so that
they could arrange timely home visits for exercise
re-enforcement.

Patients using either mobile app or exercise
pamphlets had signi¯cant improvement in the
primary outcomes (MFAC, EMS and LEFS) over
two months, however, there were no additional
bene¯ts demonstrated in using the mobile app. It
was thought that improvement in exercise adher-
ence would lead to better physical performance.
However, this relationship was not established in
the study. A possible reason for this phenomenon
might be that the exercises in the home-based

Table 5. Comparison of outcome measures at the baseline, ¯rst month and second month post-discharge.

Friedman test

Baseline (T0Þ First month (T1Þ
Between-
group

Second
month (T2Þ

Between-
group

p-value

Exp.
(n ¼ 19)

Con.
(n ¼ 20)

Exp.
(n ¼ 19)

Con.
(n ¼ 20) p-value

Exp.
(n ¼ 19)

Con.
(n ¼ 20) p-value

Exp.
(n ¼ 19)

Con.
(n ¼ 20)

MFAC (1–7) 0.22 0.11 <0.001� 0.001�

Median
(IQR)

6 5 6 6 6 6

(5–6) (4.5–6) (6–6) (5–6) (6–7) (6–6)
EMS (0–20) 0.43 0.34 <0.001� <0.001�

Median
(IQR)

14 13 15 15 17 17

(8.5–15) (10–14) (14–17.5) (14–16) (15.5–19.5) (16–18)
LEFS (0–80) 0.34 0.43 <0.001� <0.001�

Median
(IQR)

20 20 42 34.5 52 47.5

(17.5–28) (14–26) (29.5–56) (26–47.5) (30–62.5) (34.5–54)
M-CSI (0–26) 0.19 0.51 <0.001� <0.001�

Median
(IQR)

4 3.5 1 0 0 0

(0–11.5) (1–7) (0–5) (0–3) (0–1.5) (0–1.5)
Adherence (0–100%) 0.03� 0.09

Median (%)
(IQR) (%)

100 75 95 67.5

(78.5–100) (54–100) (76.5–100) (50–100)

Note: Exp.: Experimental group; Con.: control group; IQR: interquartile range; di®erence within groups by the Friedman test;
di®erence between groups by the Mann–Whitney U-test. �p < 0:05.
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rehabilitation program focused on strengthening
and functional movements only, but the primary
outcomes also take into account the performance in
other aspects such as walking speed, stairs walking
and outdoor activities. The outbreak of COVID-19
during the study period might have reduced
patients' motivation to participate in outdoor ac-
tivities, thus limiting the potential in physical
performance and self-e±cacy. Furthermore, a fol-
low-up period of two months might also not be
su±cient to observe the e®ects of mobile apps
on hip fracture patients. A study demonstrated
that hip fracture patients could have physical
improvements in a longer study period of six–nine
months.24 Further studies could be done to inves-
tigate the bene¯ts of the mobile app on physical
performance and self-e±cacy over a longer period
of time.

In this study, caregivers from both groups
reported relatively low stress level. It was di®erent
from the observation in other studies that care-
givers experienced a moderate-to-high level of
stress after the hip fracture patients got discharged
from the hospital.11,36 It could be due to the fact
that the participants in this study had a high
baseline mobility status and did not require much
assistance in transfer and ambulation at home.
Hence, the provision of the mobile app for the ex-
perimental group or the educational pamphlet for
the control group might not make a di®erence in
reducing the stress of these caregivers. Further
studies could be conducted to investigate the e±-
cacy of the mobile app in reducing caregiver stress
with dependent patients.

Caregiver support is key to ensure the successful
implementation of home rehabilitation using the
mobile app, especially for elderly patients who
would have a higher chance to experience issues
with modern technology. Several common techni-
cal issues were identi¯ed throughout the study.
Many participants were unable to install the mo-
bile app in their mobile devices alone, since they
often forgot or did not have the record of username
and password to authorize apps installation. Some
participants thought that the mobile app could be
installed in their mobile devices, however, they
found that the operating system of the devices was
neither iOS nor Android. The screen size of some
participants' mobile devices was found to be too
small that videos and texts within the app became
unreadable, and their caregivers had to provide
these participants with another mobile device.

A recommendation to resolve the above issues is to
establish a checklist of mobile device requirements
and involve caregivers early before hospital
discharge, so as to prevent any delays in home
rehabilitation.

There were several limitations in this study. It
was carried out during the outbreak of COVID-19
and the recruitment of participants was a®ected.
The small sample size reduced the power to detect
di®erences between the groups. A longer follow-up
period would help understand the long-term e®ect
of a home-based rehabilitation program on geriat-
ric hip fracture patients. Ascertainment bias might
occur since neither outcome assessors nor participants
were blinded from knowing which treatment group
they belonged to. Participants and their caregivers
were involved in this study, therefore, the results could
not be generalized to elderly patients who live alone.

Conclusions

Use of the mobile app improved exercise adherence,
yet it did not improve physical performance, self-
e±cacy and reduce caregiver stress when compared
to a standard home rehabilitation program for el-
derly patients with hip fracture. Further studies to
investigate the bene¯ts of mobile apps are required.
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Background: The six-minute walk test (6MWT) is a widely adopted submaximal ¯eld-walking test to
evaluate functional exercise capacity. This validated test is a reliable, safe, inexpensive, and straightforward
assessment tool commonly used as an outcome measure, using the distance walked (6MWD) as the primary
outcome. An earlier study has established the normative reference values (NRV) and equation in healthy
Singaporeans — however, the small sample size and narrow age range curb adequate representation of the
adult population pro¯le.
Objectives: This study aims to update the NRV and reference equations to predict the distance walked
during 6MWT (6MWD) for healthy Singaporeans aged 21–80.
Methods: This cross-sectional study recruited community-dwelling healthy subjects aged 21–80 via con-
venience sampling. Each subject completed two trials of 6MWT according to the standard protocol. Primary
outcome measures included 6MWD, pre-and post-test heart rate (HR), oxygen saturation, and blood pressure (BP).
Results: 172 healthy Singaporeans (females ¼ 90,males ¼ 82) participated. The overall mean 6MWDwas 578:00�
75:38 metres. The age-strati¯ed mean 6MWD ranged from 601:3� 71:79 metres (aged 21–39) to 519:02�
55:42 metres (aged 60–80). Age, gender, and percentage maximum HR predicted (%PredHRmax) were the
most signi¯cant variables (p < 0:001). 6MWD reference equation ¼ 288:282 ðheight;mÞ þ 27:463�Gender
ðmale ¼ 1; female ¼ 0Þ þ 4:349 ð%predHRmaxÞ þ 1:191 (HR reserve, bpm) �185:431� 1:343 ðage; yearsÞ �
1:614 (weight, kg), R2 ¼ 58%. Applying equations from other studies to the Singaporean population resulted
in an overestimation of the 6MWD.
Conclusion: This study updated the NRV and reference equations of 6MWD for healthy Singaporeans aged
between 21–80 years. This update revises the local benchmarks of 6MWD in Singapore, a widely adopted
outcome measure.

Keywords: 6-Minute walk test; exercise test; exercise capacity; outcome measures; reference values and
equations.

Introduction

The six-minute walk test (6MWT) is a widely-used
submaximal ¯eld walking test to evaluate func-
tional exercise capacity.1–5 The 6MWT is a safe,
inexpensive, and straightforward test commonly
used for assessment and as an outcome measure,
using the distance walked (6MWD) as the primary
outcome. It is valid and reliable in young and
adult, healthy and diseased populations such as
chronic obstructive pulmonary disease, pulmonary
¯brosis, heart failure, and amputees.6–11 As the test
is self-paced and rests are allowed, it is considered
an appropriate assessment of exercise capacity for
individuals su®ering from respiratory-related
symptoms and the general geriatric popula-
tion.12–14 Thus, it has an advantage over other
comprehensive cardiopulmonary exercise tests
(CPET) in the clinical setting.

Judgement of the individual walking perfor-
mance should be compared with that of a relevant
population, and it requires the availability of nor-
mative references (norms) for the particular
population.1,15 Several studies have derived the
normative reference values (NRV) and reference

equations to estimate 6MWD speci¯c to the

respective local populations.16–26 Factors, such

as demographic and anthropometric pro¯les,

clinical and physiological characteristics, have

been reported as variables a®ecting the

6MWD.3,4,8,16–19,21–24,27–31 Poh et al. further con-

¯rmed that the reference equations derived from

the Caucasian population would overestimate the

6MWD in healthy Singaporeans.22 Till date, the

study by Poh et al. remains the only attempt to

report the NRV and reference equation for healthy

Singaporeans despite tremendous changes in the

Singaporean population pro¯le in the last 15

years.32 Additionally, the small sample size

(n ¼ 35) and age range of 45–85 years in their

study lacked representation of the healthy adult

Singaporean population. Furthermore, the use of a

45metres (m) corridor is uncommon in the land-

scarce city-state. Thus, there is a need to update

the NRV and derive reference equations that could

be applicable to a broader age range.
Therefore, this study aims to do the following:

(1) establish the NRV of 6MWD in the healthy
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Singaporean population aged 21–80 years; (2)
determine the correlations of variables that could
in°uence the 6MWD; (3) establish the 6MWD
reference equation applicable to healthy adult
Singaporeans; (4) evaluate the age-matched
comparisons of the Singapore data with published
studies.

Methods

Study design

This cross-sectional study was conducted via
convenience sampling at various community cen-
tres in Singapore from June 2019 to January 2021.
Approval of the study was obtained from the
University Institutional Review Board (Project
number: 2019099). Personal particulars and written
informed consent were obtained from every subject
before the commencement of the study.

Subjects

We recruited community-dwelling healthy Singa-
porean subjects aged 21–80 via convenience sam-
pling from various districts in Singapore. A single
mean and standard deviation (SD) method was
used to determine the sample size. With reference
to the previous study21,26 that had reported the
NRV of 6MWD, we predicted a small-medium ef-
fect size [Cohen's d ¼ 0:312 [95% con¯dence in-
terval (95%CI) 0.283–0.893]] with a minimum
sample size of 142 subjects based on 95% con¯-
dence; expected population SD of 60 metres (m)
and a precision of 10.33 We allowed for a possible
attrition rate of 20%, and thus a minimum of 170
subjects were needed to distribute across the age
range. All subjects completed the Physical Activity
Readiness Questionnaire for Everyone (PAR-
Qþ).34 before data collection to determine suit-
ability. Inclusion criteria were: individuals between
the ages of 21–80 years as of testing day; able to
understand simple English; able to walk a mini-
mum of six minutes independently; and clearance
with the PAR-Qþ. Subjects were excluded if they
had a history of chronic disease(s), such as car-
diovascular, metabolic, respiratory, neuromuscular
or musculoskeletal conditions that could a®ect the
ability to perform physical exercises or cause
changes to functional capacity; gait abnormality,
such as the use of walking aid or leg length dis-
crepancy � 2 cm, measured from the anterior

superior iliac spine to lateral malleolus, as such
discrepancy is associated with prevalent, incident
symptomatic, and progressive knee osteoarthri-
tis;35 current smoking history or any smoking his-
tory within the last 12 months; resting heart rate
ðHRÞ > 100 beats per minute (bpm) or < 50 bpm;
resting systolic BP > 150 or < 90mmHg, resting
diastolic BP > 100 or < 50mmHg; resting oxygen
saturation ðSpO2Þ < 95%, abnormal lung function,
which is de¯ned as forced expiratory volume in 1
second ðFEV1Þ � 80% or forced vital capacity
(FVC) � 80% or FEV1/FVC � 70%.36 These
values were referenced from and kept consistent with
other NRV reports on 6MWD for subsequent com-
parisons between the derived HR variables.21,22,26

Data collection

Researchers who were pro¯cient in conducting the
6MWT performed the data collection. All subjects
were instructed to wear comfortable clothes and
walking shoes. The data obtained from subjects
before undergoing 6MWT included PAR-Qþ, age,
gender, height, weight, smoking history, medical
history and medication use, HR, BP, SpO2, dys-
pnoea score with the modi¯ed Borg's dyspnoea
scale,37 and Borg's rating of perceived exertion
(RPE).38 Body-mass index (BMI) calculation fol-
lowed the standard formula.39 The maximum pre-
dicted HR (PredHRmax) was calculated using
½208� ð0:7�AgeÞ�,40 while heart rate reserve
(HRR) was calculated with (PredHRmax – Rest-
ing HR). The percentage of maximum predicted
HR (%predictHRmax) was derived using [(mea-
sured highest HR during 6MWT� PredHRmax)
�100%]. A calibrated standard portable spirome-
ter (Spirolab, MIR) was used to measure lung
functions. Each subject had to complete at least
three measures according to the standard guide-
lines,41 with the highest values of the FEV1, FVC,
and FEV1/FVC considered for inclusion and
exclusion criteria.

Six-minute walk test

The 6MWT was conducted along a 30-metre in-
door walkway according to the guidelines of the
American Thoracic Society (ATS).1 Subjects
walked back and forth and turned around two
cones that marked the ends of the walkway. Sub-
jects were instructed to \walk as far as possible in 6
minutes" and that they could slow down or rest if
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necessary. At the end of every minute, the
researchers gave standardised encouragement
according to the ATS guidelines1 and recorded heart
rate and oxygen saturation with a portable pulse
oximeter (Nellcor

TM
PM10N), dyspnoea and RPE

scores.37,38 At the end of 6min, the 6MWD was
recorded. Two trials of 6MWT were conducted on
the same day to observe for learning e®ect,11 with a
minimum 30-minute rest interval between the two
trials to ensure su±cient recovery and that HR, BP,
and SpO2 returned to baseline before the second
trial. The longer distance walked between the two
trials was used for all subsequent data analyses.

Statistical analysis

GraphPad Prism Version 8.4.3 (686) (GraphPad
Software, San Diego, California, USA) was used to
perform the statistical analysis. The level of sig-
ni¯cance was set at p < 0:05. Demographic and
anthropometric data of subjects were examined for
normal distribution using the Shapiro–Wilk test.
Descriptive statistics were used to analyse central
tendency, data spread, and the dataset's position
via means, SD, 95% con¯dence interval (95%CI),
percentage and percentiles accordingly. Chi-square
Goodness of Fit test was used to compare the
ethnicity ratio between the subject pro¯les and the
Singaporean population.42 Test–retest reliability was
examined using the interclass correlation coe±cient
(ICC). Kruskal–Wallis test was used to analyse non-
normal continuous variables by age groups, and
Mann–Whitney U test to compare the variables by
gender. Pearson's correlation coe±cients assessed the
correlation between variables. Linear regression was
applied to establish the reference equation for
6MWD. To compare the age-matched Singapore
data with the published reference equations, the
measured 6MWD from this study was age-matched
to each study and compared against the same age
range of the calculated distance derived from the
predictive regression formulae of the eleven identi¯ed
reports.16–26 The comparisons betweenmeasured and
predicted 6MWD were analysed using paired t-tests.

RESULTS

Subject characteristics and 6MWD

One hundred and seventy-two subjects (82 males;
90 females) were included for data analysis from
175 subjects recruited, with three excluded based
on exclusion criteria. Tables 1 and 2 present the

demographics and characteristics of the subjects.
The Chi-Square Goodness of Fit test showed a
statistically signi¯cant di®erence (p ¼ 0:01) in the
subject ethnicity pro¯le compared to the popula-
tion pro¯le of Singapore 2021,42 with a higher
percentage of Chinese subjects. The overall mean
6MWD was 578:00� 75:38m, where males walked
an average of 600:32� 77:29m while females av-
eraged 557:62� 67:84m (p < 0:001) (Table 1).
The 6MWD decreased progressively with age and
ranged from 601:30� 71:79m (age 21–39) to
519:02� 55:42m (age 60–80) (Table 2). Test–re-
test reliability was excellent (ICC ¼ 0:90). The
highest HR achieved was 133:4� 21:48 bpm from
the 21–39 year group; while the %PredHRmax
ranged from 70:07� 11:16% (age 21–39) to 76:40
�11:76% (p ¼ 0:008) (Table 2).

Variable associations with 6MWD
and regression equations

The relationships between 6MWD, demographics,
anthropometric and physiological variables are
presented in Table 3 and Fig. 1. These parameters
are commonly collected before and during the
6MWT assessment as suggested by guidelines,1 il-
lustrating their readiness and potential usefulness in
estimating and benchmarking the outcome mea-
surement. 6MWD was signi¯cantly associated with
age, gender, height, weight, average leg length, HRR
and %PredHRmax (all p < 0:05). Notably, the
correlation of average leg length (r ¼ 0:36,
p < 0:001) and height (r ¼ 0:38, p < 0:001) to
6MWD was similar; also, a high correlation
(r ¼ 0:83, p < 0:05) was established between aver-
age leg length and height, thus only height was in-
cluded in the linear regression analysis.

Stepwise linear regression analysis revealed that
age, height, weight, gender, %PredHRmax, HRR
were independent contributors to 6MWD
(Table 4). Pre-6MWT available variables such
as age and height, or age and gender alone
explained 23–24% of the variance, respectively.
The better reference equation was as follows:
6MWD ðmÞ ¼ 622:64þ 35:03�Gender (male ¼ 1;
female ¼ 0) �1:65 (age, years). However, with the
addition of the post-test available variables, the
percentage of the variance increased to 58%; and
the reference equation was as follows: 6MWD
ðmÞ ¼ 288:28 ðheight;mÞ þ 27:46�Gender ðmale
¼ 1; female ¼ 0Þ þ 4:35 ð%predHRmaxÞ þ 1:19

114 M. T. Yeung et al.

September 21, 2022 8:50:07am WSPC/309-HKPJ 2250011 ISSN: 1013-7025



Table 1. Subjects' characteristics and measured variables during the 6MWT (by gender).

Characteristics Total Male Female p-value

Subjects, n 172 82 90 —
Age (years) 37:1� 18:5 34:7� 17:7 39:3� 19:0 0.10
Ethnicity, n (%) 0.01*

Chinese 158 (91.9) 77 (44.8) 81 (47.0) —
Malay 5 (2.9) 3 (1.7) 2 (1.2) —
Indian 9 (5.2) 2 (1.2) 7 (4.1) —

Height (m) 1:66� 0:09 1:72� 0:07 1:60� 0:06 < 0:001
Weight (kg) 64:69� 13:90 72:44� 14:35 57:62� 8:82 < 0:001

BMI (kg/m2) 23:46� 3:80 24:47� 3:85 22:54� 3:53 < 0:001

Average leg length (m) 0:87� 0:05 0:89� 0:05 0:84� 0:04 < 0:001
HR measurements
Resting HR (bpm) 85:75� 14:49 82:87� 13:13 88:38� 15:22 < 0:001
HRR (bpm) 96:29� 18:29 100:87� 18:47 92:12� 17:19 < 0:001
Highest HR (bpm) 130:54� 20:58 129:35� 21:16 131:62� 20:09 0.472
HRchange (bpm) 44:79� 19:19 46:49� 19:87 43:24� 18:53 0.270
%PredHRmax 71:91� 11:32 70:62� 11:73 73:08� 10:85 0.154

6MWD (m)
6MWD1 562:13� 74:74 586:21� 76:03 540:20� 66:72 < 0:001
95% CI 550.90 to 573.40 569.51 to 602.92 526.2 to 554.20
6MWD2 570:33� 74:91 590:45� 77:22 552:00� 68:13 < 0:001
95% CI 559.1 to 581.60 573.48 to 607.41 537.70 to 566.30
6MWD2 – 6MWD1 8:20� 32:90 4:24� 34:46 11:80� 31:17 0.13
95% CI 3.24 to 13.15 �3.34 to 11.08 5.28 to 18.33
Best of 2 trials 578:00� 75:38 600:32� 77:29 557:62� 67:84 < 0:001
95% CI 566.60 to 589.30 583.3 to 617.3 543.4 to 571.8

Notes: Values are expressed as mean�Standard Deviation ðSDÞ,
p < 0:05 represents a signi¯cant value.
m: metres; kg: kilogram; bpm: beats per minute; BMI: Body mass index; 6MWT: 6-minute
walk test; 6MWD: 6-minute walk distance;HR: Heart Rate;Highest HR: Highest heart rate
achieved during 6MWT; HRR: heart rate reserve; HRchange: Di®erence between HighestHR
heart rate and resting heart rate; %PredHRmax: peak HR achieved during 6MWD expressed
as %predicted maximum HR with predicted HRmax as [208−(0.7�Age)]; 95% CI: 95%
Con¯dence Interval; 6MWD1: 1st trial of 6MWD; 6MWD2: 2nd trial of 6MWD; *subject
ethnicity pro¯le compared with Singapore population pro¯le.

Table 2. Subjects' characteristics and measured variables during the 6MWT (by age).

Age

Characteristics 21–39 years 40–59 years 60–80 years p-value

Subjects, n 115 20 37
Ethnicity, n (%)

Chinese 106 (61.6) 15 (8.7) 37 (21.5)
Malay 5 (2.9) 0 (0) 0 (0)
Indian 4 (2.4) 5 (2.9) 0 (0)

Height (m) 1:68� 0:08 1:60� 0:08 1:60� 0:08 < 0:001
Weight (kg) 67:23� 14:80 58:33� 8:59 59:52� 10:27 0.003
BMI (kg/m2) 23:64� 3:94 22:84� 2:65 23:20� 3:86 0.812
Average leg length (m) 0:88� 0:05 0:84� 0:03 0:83� 0:05 < 0:001
HR measurements
Resting HR (bpm) 86:58� 14:51 85:00� 14:89 83:42� 14:35 0.740
HRR (bpm) 103:76� 14:46 85:98� 14:50 76:98� 14:42 < 0:001
Highest HR (bpm) 133:4� 21:48 130:3� 13:37 121:78� 18:73 < 0:001
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ðHRR; bpmÞ �185:43�1:34 ðage; yearsÞ �1:61
(weight, kg).

Comparisons with the 6MWD
estimated using the previously
published equations

Table 5 presents the age-matched measured data
from this study compared to the age-matched

6MWD calculated using the predictive formulae
from 11 previous similar studies.16–26 The distance
walked by the participants in this study was
shorter than the calculated distances in 9 out of
the 11 studies compared (p < 0:001), demonstrat-
ing the over-estimations with their predictive
formulae,16–18,20,22–26 with the exception of the
study by Fernandes et al.19 where our participants
walked a signi¯cantly greater distance (91:06�

Table 2. (Continued )

Age

Characteristics 21–39 years 40–59 years 60–80 years p-value

HRchange (bpm) 46:88� 19:70 44:35� 13:03 38:53� 19:46 < 0:001
%PredHRmax 70:07� 11:16 74:97� 8:33 76:40� 11:76 0.008

6MWD (m)
6MWD1 582:9� 73:91 538:60� 52:97 510:30� 57:57 < 0:001
95% CI 569.2 to 596.5 513.80 to 563.4 491.1 to 529.50
6MWD2 593:1� 71:40 547:1� 62:03 512:00� 54:96 < 0:001
95% CI 579.90 to 606.30 518.00 to 576.10 493.70 to 530.30
6MWD2 – 6MWD1 10:25� 36:06 8:45� 31:27 1:68� 21:23 0.116
95% CI 3.59 to 16.91 �6.185 to 23.08 �5.40 to 8.76
Best of 2 trials 601:30� 71:79 553:00� 60:64 519:00� 55:42 < 0:001
95% CI 588.00 to 614.60 524.60 to 581.30 500.50 to 537.50

Notes: Values are expressed as mean�Standard Deviation ðSDÞ,
p < 0:05 represents a signi¯cant value.
m: metres; kg: kilogram; bpm: beats per minute; BMI: Body mass index; 6MWT: 6-minute
walk test; 6MWD: 6-minute walk distance; HR: Heart Rate; Highest HR: Highest heart rate
achieved during 6MWT; HRR: heart rate reserve; HRchange: Di®erence between HighestHR
heart rate and resting heart rate; %PredHRmax: peak HR achieved during 6MWD expressed as
%predicted maximum HR with predicted HRmax as [208−(0.7�Age)]; 95% CI: 95% Con¯dence
Interval; 6MWD1: 1st trial of 6MWD;6MWD2: 2nd trial of 6MWD; *subject ethnicity pro¯le
compared with Singapore population pro¯le.

Table 3. Univariate correlation coe±cients (r) for 6MWD and subject variables (n ¼ 172).

Variable r 95% CI p-value

Age (years) �0.44 �0.5497 to �0.3063 < 0:001*
Gender 0.28 0.1400 to 0.4157 < 0:001*
Height (m) 0.38 0.2389 to 0.4969 < 0:001*
Weight (kg) 0.17 0.02043 to 0.3113 0.02*
BMI (kg/m2) �0.44 �0.1925 to 0.1062 0.57

Average leg length (m) 0.36 0.2187 to 0.4806 < 0:001
Resting HR (bpm) 0.06 �0.09541 to 0.2030 0.47
HRR (bpm) 0.27 0.1207 to 0.3993 < 0:001*
%PredHRmax 0.36 0.2204 to 0.4821 < 0:001*

Notes: *p < 0:05 represents a signi¯cant value; CI 95%: 95% con¯dence intervnal; m: metres; kg:
kilogram; Body mass index; bpm: beats per minute; 6MWD: 6-minute walk distance; HR:
Heart Rate; HRR: heart rate reserve; %PredHRmax: the percentage that highest HR
achieved out of HRmax.
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65:95) m; p < 0:001. The comparison made with
Ngai et al. was statistically insigni¯cant (p ¼ 0:22).21

DISCUSSION

This study established an updated NRV and for-
mulated the reference equations for 6MWD of
healthy Singaporeans adults aged 21–80 years.
This study reported that the overall mean
6MWD was 578:00� 75:38m. Male subjects were
found to walk a signi¯cantly longer distance
than female subjects (600:32� 77:29m versus
557:62� 67:84m; p < 0:001), while the mean
6MWD decreased progressively with the advance-
ment of age, from 601:30� 71:79m (age 21–39
years) to 519:02� 55:42m (age 60–80 years). The
high ICC for repeated tests demonstrated good
test–retest reliability and is consistent with

previous studies.21,24 The 6MWD is in°uenced by
the learning e®ect1,11,17,43 as the second test dis-
tance was consistently higher than the ¯rst test,
but no more than 2%, which is well within the
reported ranges for the healthy and diseased
populations.1,17,20,21,24,44 Two standardised tests
were performed on the same day to avoid biases
caused by the learning e®ect in this study, with the
best of the two used in the analysis.

Age, gender, height, weight, leg length, HRR
and %predHRmax in°uenced the 6MWD signi¯-
cantly in this study (Table 3), while BMI and resting
HR were found to be statistically insigni¯cant. Our
subjects achieved 71:91� 11:32 %PredHRmax dur-
ing the 6MWT (Table 1), indicating moderate-in-
tensity e®ort, consistent with previous studies.17,22

Age and gender accounted for 24% of the 6MWD
variance, while the in°uence of %predictHRmax
explained 25.4% of the variance. This suggests that

Fig. 1. The relationships between the 6MWD and Age, Height, Weight, HRR, and %PredHRmax; p < 0:05 represents the
signi¯cance of an independent variable in predicting 6MWD.
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age, gender, and %predictHRmax are the three
most signi¯cant factors in°uencing the 6MWD.
This report established two reference equations; one
comprising simple pre-test variables with age and
gender (R2 ¼ 24%), indicating its predictive yet
pragmatic application with obvious variables for
any straightforward interpretation of the 6MWD.
This simpli¯ed reference equation can also be

particularly relevant to individuals on chronotropic
agents, as such chronotropic e®ects may a®ect the
regularity of the heart rate and rhythm, thus
a®ecting the %predictHRmax. In contrast, the
second reference equation comprised more variables
and established a higher percentage of variance
(R2 ¼ 58%), which would be helpful for clinicians
to benchmark the 6MWT performance of patients

Fig. 1. (Continued)
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or clients. The in°uence of age and gender on
6MWD has been well reported in earlier studies
about 6MWD reference equations.15,17–19,23,24,28

The negative association of age with 6MWD could
be due to a decline in physical ¯tness, as it has been
found that ageing results in muscle loss, reduction in
VO2max,

45–47 decreased stride length, and altered
gait. Similarly, it is well established that females

generally have lower cardiovascular and muscular
¯tness than males.48–53 The in°uence of %pre-
dictHRmax, as a measure of cardiac response during
a submaximal self-paced ¯eld walking test accounts
for a signi¯cant proportion of the variability in test
performance, suggests that cardiac response can be
used as a surrogate measure of the exercise e®ort
during the test.20 Although including %predHRmax

Table 4. Linear regression models for predicting 6MWD.

Unstandardised coe±cients

Model Independent variables R2 R2 change P (model) B (95% CI) SE
p (independent

variables)

Pre-6MWT variables
1 (Constant) 0.19 — < 0:001 643.74 (620.77 to 666.70) 11.63 < 0:001

Age �1.77 (�2.33 to �1.22) 0.28 < 0:001
2 (Constant) 0.23 0.04 < 0:001 279.93 (255.79 to 304.07) 11.02 < 0:001

Age �1.39 (�1.94 to �0.87) 0.3 < 0:001
Height 211.21 (62.55 to 359.88) 63.66 < 0:001

3 (Constant) 0.24 0.05 < 0:001 622.64 (597.31 to 647.96) 12.83 < 0:001
Age �1.65 (�2.2 to �1.11) 0.27 < 0:001

Gender 35.03 (15.00 to 55.07) 10.15 < 0:001
All 6MWT variables

4 (Constant) 0.42 0.23 < 0:001 425.03 (368.83 to 481.24) 28.47 < 0:001
Age �2.27 (�2.75 to �1.78) 0.25 < 0:001

%predHRmax 3.30 (2.50 to 4.09) 0.4 < 0:001

5 (Constant) 0.494 0.073 < 0:001 390.10 (335.59 to 444.60) 27.61 < 0:001
Age �2.15 (�2.61 to �1.69) 0.23 < 0:001

%predHRmax 3.45 (2.70 to 4.20) 0.38 < 0:001
Gender 41.24 (24.74 to 57.73) 8.36 < 0:001

6 (Constant) 0.524 0.03 < 0:001 233.08 (124.50 to 341.67) 55 < 0:001
Age �1.62 (�2.17 to �1.08) 0.28 < 0:001

%predHRmax 4.01 (3.21 to 4.81) 0.41 < 0:001
Gender 36.03 (19.69 to 52.38) 8.28 < 0:001
HRR 1.03 (0.41 to 1.66) 0.32 < 0:001

7 (Constant) 0.542 0.018 < 0:001 274.38 (162.96 to 385.80) 56.43 < 0:001
Age �1.73 (�2.27 to �1.19) 0.28 < 0:001

%predHRmax 4.17 (3.37 to 5.97) 0.4 < 0:001
Gender 48.88 (30.01 to 67.75) 9.56 < 0:001
HRR 1.06 (0.45 to 1.68) 0.31 0.001
Weight �0.89 (�1.58 to �0.21) 0.35 0.011

8 (Constant) 0.58 0.037 < 0:001 �185.43 (�445.62 to 74.76) 131.78 0.161
Age �1.34 (�1.90 to �0.78) 0.28 < 0:001

%predHRmax 4.35 (3.58 to 5.12) 0.39 < 0:001
Gender 27.46 (6.23 to 48.70) 10.75 0.012
HRR 1.19 (0.60 to 1.78) 0.3 < 0:001
Weight �1.61 (�2.37 to �0.86) 0.38 < 0:001
Height 288.28 (139.62 to 436.95) 75.3 < 0:001

Notes: *p < 0:05 represents a signi¯cant value; 6MWD: 6-minute walk distance; B: unstandardised regression coe±cient;
95% CI: 95% Con¯dence Interval; SE: standard error; HR: Heart Rate; %PredHRmax: peak HR achieved during 6MWD
expressed as %predicted maximum HR with predicted HRmax as ½208� ð0:7�AgeÞ�; Gender: (1 ¼ male, 0 ¼ female); HRR:
heart rate reserve (beats per minute).
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increases the variance of the reference equation,
there are several limitations in the clinical setting as
the magnitude of HR change could be in°uenced by
external factors such as the use of chronotropic
agents. As such, we consider it necessary to report

both equations so that clinicians can choose to
apply the appropriate equation to those who
may experience chronotropic impairments during
the test, e.g., patients who have heart failure or
beta-blocker use.

Table 5. Age-matched comparison between measured 6MWD from this study and predicted 6MWD from reference equations of
published studies.

Di®erence (m)

Measured

6MWD (m)

Predicted

6MWD (m)

(Measured−
Predicted)

Study (Predictive Equation) Country mean� SD mean� SD mean� SD p-value

Poh et al. (2006) 45–85 years

6MWD ðmÞ ¼ 5:50 ð%predHRmaxÞ þ6:94 ðheight; cmÞ�
4:49 ðage; yearÞ � 3:51 ðweight; kgÞ � 473:27

Singapore 527:73� 59:15 560:33� 74:17 �32:60� 69:42 < 0:001

Camarri et al. (2006) 55–75 years

6MWD ðmÞ ¼ 216:90þ 4:12 ðheight; cmÞ � 1:75 ðage; yearsÞ
�1:15 ðweight; kgÞ � 34:04 ðgender : males ¼ 0; females ¼ 1Þ

Australia 530:71� 59:66 675:17� 44:11 �144:46� 56:44 < 0:001

Chetta et al. (2006) 20–50 years

6MWD ðmÞ ¼ 518:85þ 1:25 ðheight; cmÞ � 2:82 ðage; yearÞ
�39:07 ðgender : males ¼ 0; females ¼ 1Þ

Italy 597:98� 18:63 636:52� 32:37 �38:54� 18:04 < 0:001

Jenkin et al. (2009) 45–85 years

Males, 6MWD ðmÞ ¼ 748� 6:32 ðage; yearsÞ þ 0:64 ðheight;
cmÞ þ 2:69 ð%pred HRmaxÞ;
Females, 6MWD ðmÞ ¼ 541� 3:81 ðage; yearsÞ þ 1:80
ðheight; cmÞ � 6:92 ðBMIÞ þ 2:41 (%pred HRmax)

Western

Australia

529:08� 19:99 618:24� 51:66 �87:90� 30:10 < 0:001

Ben Saad et al. (2009) 40–85 years

6MWD ðmÞ ¼ 720:50� 160:27� gender (gender: males ¼ 0;

females ¼ 1) �5:14� ðage; yearsÞ � 2:23� ðweight; kgÞ
þ271:98� ðheight;mÞ

North

Africa

533:21� 22:98 601:36� 89:74 �68:26� 74:02 < 0:001

Casanova et al. (2011) 40–80 years

6MWD ¼ 361� 4 ðage; yearsÞ þ 2 ðheight; cmÞ þ 3

ðHRmax=HRmax% predÞ �1:5 ðweight; kgÞ � 30
ðgender : males ¼ 0; females ¼ 1Þ

North &

South

America

535:95� 48:87 552:49� 46:65 �16:28� 21:12 < 0:001

Kim et al. (2014) 22–59 years

6MWD ðmÞ ¼ 105:7þ 2:99� ðheight; cmÞ Korea 592:04� 26:34 605:70� 25:31 �13:08� 46:80 < 0:001

Ngai et al. (2014) 55–85 years

6MWD ðmÞ ¼ 722:35� 5:11� ðage; yearsÞ þ 2:19

�ð%predHRmaxÞ � 41:31� gender (gender:
males ¼ 0; females ¼ 1)

Hong

Kong

527:75� 19:61 535:95� 40:87 �8:88� 44:49 ¼ 0:22

Fernandes et al. (2016) 25–75 years

6MWD ðmÞ ¼ 553:289� 2:11� ðage; yearsÞ þ 45:323

�gender (gender: male ¼ 1, female ¼ 0)
West

India

566:53� 78:59 475:47� 48:91 91:06� 63:95 < 0:001

Zou et al. (2017) 18–30 years

Female: 6MWD ðmÞ ¼ �0:458þ ðdifference in heart rate

�1:113Þ þ 3:494� ðheight; cmÞ;
Male: 6MWD ðmÞ ¼ �11:394þ ðdifference in heart rate
�0:692Þ þ 3:659� ðheight; cmÞ

China 594:13� 72:14 618:65� 29:82 �24:51� 68:54 < 0:001

Oliveira et al. (2019) 18–70 years

6MWD ¼ 721:7� 1:6� ðAge; years Þ � 4:0� BMI

þ0:9��HR� 58:4� gender (gender: male ¼ 1;
female ¼ 0)

Portugal 581:01� 35:31 639:17� 48:14 �58:16� 28:74 < 0:001

Notes: Values expressed as mean�Standard Deviation ðSDÞ.
*p < 0:05 represents a signi¯cant di®erence between age-matched subjects measured vs predicted 6MWD. 6MWD: 6-minute
walk distance.
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The reported 6MWD reference equations
explained up to 58% of the variance, similar to
other studies' ¯ndings,15,17–19,23,24,28 despite the
di®erent age groups of the subjects. Eleven pub-
lished studies (Table 4) were chosen to perform the
age-matched comparison between measured
6MWD from this study and predicted 6MWD
using their reference equations. Of the 11 studies
being compared, nine overestimated the
6MWD16–18,20,22–24 and one study underestimated
the distance.19 Only the 6MWD regression formula
reported by Ngai et al. is not statistically signi¯-
cant compared to the Singaporean data.21 The
previously published reference equations did not
reliably predict the 6MWD in our population.
We found signi¯cant di®erences between measured
6MWD and 6MWD predicted from the published
equations and could postulate two reasons. First,
the published predictive formulae were derived
from the NRV of the respective populations. No-
tably, Camarri et al.6 reported that Australians
covered a total of 655� 51m (male: 685� 49m;
female: 628� 59m) during the 6MWT; Ben Saad
et al.16 reported the average 6MWD for the West
Africans was 624� 111m (male: 711� 81m;
female: 511� 75m), while the reference values for
Western Indians were 483� 67:91m (male:
512:38� 67:84m; female 457:29� 56:75m).19

These reported values vary considerably from the
NRV of our study. Naturally, the eventual calcu-
lated predictive 6MWD matched for the Singa-
porean anthropometric variables would di®er
signi¯cantly from the current ¯ndings, despite the
consideration of age-matching. Second, the e®ect of
%PredHRmax on 6MWD is well-established from
previous studies.19,21–26 and in this current report
(25.4% of the variance). The range of %Pre-
dHRmax in the other studies di®ered substantially
from 51:9� 8:8%,19 63:0� 10:5%,26 69:0� 8:0%,23

80:0� 10:0%,21 and 87:0� 13:0%24; however, this
is congruent with the nature of a self-paced sub-
maximal ¯eld walking test. Submaximal and self-
paced testing relies heavily on self-perception,
concepts which are re°ected well in the variance in
%PredHRmax among the di®erent populations.
Hence, we suggest this is a possible explanation as
to why only the Ngai et al. predicted distance
(total 6MWD: 563:0� 62:0m; %PredHRmax:
80:0� 10%) was statistically insigni¯cant to our
current results, while similar reports from China
(total 6MWD: 502:0� 73:0m; %PredHRmax:
69:0� 8:0%)23 and South Korean (total 6MWD:

598:5� 57:92m; %PredHRmax: 63:0� 10:48%)26

were not. The implications of this, particularly in
adults with chronic diseases, may include consid-
erable errors regarding the level of disability and
unrealistic expectations of the outcome measure.
This justi¯es the use of our local speci¯c reference
equations and con¯rms the ATS recommendation
to continue establishing updated regional reference
equations.1

Some limitations in this study should be con-
sidered. First, the pro¯le of existing subjects is
statistically di®erent from the overall Singaporean
population pro¯le despite presenting the three
major ethnicities living in Singapore, with an over-
representation of the Chinese ethnicity. Second,
67% of the subjects from this study were in the 21–
39 age group, while the 40–59 and 60–80 age
groups combined contributed to the remaining
33% of the overall sample size. This possibly
skewed the results to the 20–39 age group with
an over-representation of younger adults. Third,
this study did not explicitly collect additional
psychological data, such as depression, balance
con¯dence, or fear of falling that might potentially
in°uence the 6MWD, despite such information
being screened via the PAR-Qþ. For example, the
General Health Questions section of PAR-Qþ
screened for the loss of balance due to dizziness in
the last 12 months in Question 3, while Question 6
from the Follow-up Questions section checked for
mental health problems such as depression or
anxiety.34 Future studies should consider the in-
clusion of such information. Finally, there was also
a 42% variance that could not be explained with
the existing data. Future studies should establish
missing variables that could account for the
remaining variance.

Conclusions

This study updated the NRV and reference equa-
tions of 6MWD for healthy Singaporean adults aged
21–80 years. Age, gender, height, weight, HRR and
%predHRmax were signi¯cantly correlated to
6MWD. Applying equations from other studies to
the Singaporean population resulted in an overes-
timation of the 6MWD. The reference equation and
NRV should be bene¯cial in establishing perfor-
mance benchmarks to guide intervention and reha-
bilitation. Future follow-up studies should consider
exploring reasons for the unexplained variance in
our equation.
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Background: Older individuals face a high risk of mobility and body composition decline, which can a®ect
their independence. In light of a current uncertain healthcare situation created by the coronavirus (COVID-
19) pandemic, healthcare paradigm has been shifted with increased demand for a practical measure to
promote standard home healthcare services for all individuals, including older adults.
Objective: This study explored the feasibility and validity of seated push-up tests (SPUTs) as clinical
measures to re°ect the body composition, muscle strength, and mobility among community-dwelling older
individuals, aged � 65 years (n ¼ 82).

*Corresponding author.
†This author contributed equally with the ¯rst author, thus she is a co-¯rst author.

Copyright@2022, Hong Kong Physiotherapy Association. This is an Open Access article published by World Scienti¯c Publishing
Company. It is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-
NC-ND) License which permits use, distribution and reproduction, provided that the original work is properly cited, the use is
non-commercial and no modi¯cations or adaptations are made.

Hong Kong Physiotherapy Journal
Vol. 42, No. 2 (2022) 125–136
DOI: 10.1142/S1013702522500123

September 21, 2022 8:53:14am WSPC/309-HKPJ 2250012 ISSN: 1013-7025

125

Research Paper

https://dx.doi.org/10.1142/S1013702522500123


Methods: Participants were cross-sectionally assessed using SPUTs with various demanding forms, in-
cluding the 1-time SPUT (1SPUT) along with its upper limb loading SPUT (ULL-SPUT), 5-time SPUT
(5SPUT), 10-time SPUT (10SPUT), and 1-min SPUT (1minSPUT) and standard measures.
Results: Participants who passed and failed a 1SPUT showed signi¯cant di®erences in the outcomes of all
standard measures (p < 0:05). The ULL-SPUT signi¯cantly correlated to all body composition, muscle
strength, and mobility (r ¼ 0:247–0.785; p < 0:05). Outcomes of 1minSPUT signi¯cantly correlated with
muscle strength and mobility outcomes (r ¼ 0:306–0.526; p < 0:05). Participants reported no adverse e®ects
following the SPUTs.
Conclusion: The ¯ndings suggest the use of the 1SPUT, ULL-SPUT, and 1minSPUT as practical measures
to re°ect the body composition, muscle strength, and mobility of older individuals, according to their func-
tional levels. The tests may especially clinically bene¯t those with lower limb limitations and those in settings
with limited space and equipment.

Keywords: Body composition; clinical measure; endurance; mobility; muscle strength.

Introduction
The physiological decline accompanying aging
occurs throughout the body's systems and results
in a deterioration of physical function, particularly
in the lower extremities. Consequently, approxi-
mately one-quarter of older people experience basic
mobility limitations such as di±culties with walk-
ing, stair climbing, and rising from a chair, a®ect-
ing their independence.1–3 The lower limb
impairments also distort the use of existing mo-
bility measures that commonly involve lower limb
functions such as the 10-m walk test, 6-min walk
test, and sit-to-stand test. As a result, considerable
e®ort has been directed towards understanding and
attenuating age-related functional decline of the
lower extremities. However, clinical measures in-
volving upper limb functions, which might be ap-
plied instead among these individuals, have
received relatively less attention.4,5

Existing evidence reports the use of an upper
limb measure—namely, the handgrip test (HG)—
to re°ect total body strength, total skeletal muscle
mass (SMM; r ¼ 0:49; p < 0:01), and many other
crucial aspects for older adults, such as health
status and functional decline (odds ratio [OR] =
0.88).6–8 However, the HG requires a specialised
machine to assess the distal muscles of the tested
arm in an open-kinetic chain manner. Such char-
acteristics may a®ect the sensitivity of the out-
comes in detecting problems among older
individuals, as well as the clinical applications of
the measurement in various community- and
home-based settings. The present researchers
hypothesised that the application of a practical
measure involving several upper limb muscles

working in a closed-kinetic chain manner may o®er
another clinical measure to detect common pro-
blems among older individuals. Such a test may be
particularly bene¯cial for those with lower limb
impairments and in settings with limited space or
in which a specialised HG dynamometer is not
available, especially in a current healthcare-para-
digm shift with the need for standard home
healthcare services due to coronavirus (COVID-19)
pandemic.

A seated push-up test (SPUT) is a practical
measure that can be executed on a chair or bed
using push-up boards or wooden boxes. However,
the task is very demanding and challenging for the
upper limb and upper trunk muscles, as they must
be able to exert enough muscle force and joint
torque to lift the body upward by both arms and
maintain body balance at the shoulder joints.9,10

Wiyanad et al.11 recently reported the ability of the
upper limb loading during a seated push-up test
(ULL-SPUT) to re°ect body composition among
individuals with a spinal cord injury. Our prelimi-
nary study also found an association between ULL-
SPUT and the SMM of older individuals, particu-
larly when the test is performed in a ring sitting
position.12 However, this preliminary study12 in-
vestigated only the simplest form of SPUT—
namely, the 1-time SPUT (1SPUT) along with its
ULL-SPUT—in 40 well-functioning older adults.
In addition, body composition was assessed only in
terms of the SMM, using bioelectrical impedance
analysis; the outcomes obtained might contain
errors due to many factors, including electrode
placement, environmental factors, and participant
preparation.13
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Based on the concept of global physiological
change throughout the body systems and the
closed-association of the musculoskeletal system,
the present researchers hypothesised that various
forms of SPUTs could be applied in older indivi-
duals with di®erent functional levels and that their
outcomes would re°ect many aspects necessary for
the independence of these individuals, depending
upon the particular characteristics of the tests.
Therefore, this study assessed the discriminative
and concurrent validity, as well as the feasibility, of
various types of SPUTs—including the 1SPUT
along with its ULL-SPUT, 5-time SPUT (5SPUT),
10-time SPUT (10SPUT), and 1-min SPUT
(1minSPUT)—as compared to the results of stan-
dard measures for body composition, muscle
strength, and mobility among community-dwelling
older adults.

Methods

Participants

This observational study was conducted among
community-dwelling individuals aged 65 years and
older with a body mass index (BMI) of between
18.5 kg/m2 and 29.9 kg/m2. The eligible partici-
pants needed to have the ability to stand up in-
dependently, walk with or without a walking
device, and understand the instructions for the
tests in this study. Individuals were excluded from
the study if they had any signs or symptoms that
might a®ect their participation in the study, such
as uncontrolled medical conditions (e.g., hyper-
tension or heart disease); pain in the musculoskel-
etal system that might a®ect outcomes of the
study, such as a rotator cu® injury; and a history of
shoulder or upper limb problems that limits their
ability to perform SPUTs (i.e., a pain score of more
than 5 out of 10 on a visual analog scale). All
participants signed written informed consent forms
that were approved by the Institutional Ethics
Committee for Human Research (HE 611600). The
estimated minimum sample size for this study was
82 participants, when R0 ¼ 0:0 and the lowest R1

from a pilot study of 0.31 (n ¼ 40), with 90%
power and an alpha value of 0.05.14

Research protocols

The eligible participants were interviewed and
assessed for their demographics, including age,

gender, height, bodyweight, vital signs, underlying
diseases, and walking device used (if any). Then,
the participants were assessed for their ability to
perform SPUTs, and standard measures for the
body composition, muscle strength, and mobility of
the older individuals. Details of the tests are
explained below.

Seated push-up tests: Many forms of SPUTs are
clinically available, including untimed and timed
SPUTs.9,10 With the aim to report the feasibility of
using SPUTs among older individuals, this study
applied simple SPUTs in increasingly demanding
forms, including the 1SPUT along with its ULL-
SPUT, 5SPUT, 10SPUT, and 1minSPUT,
according to the participant's ability to complete
the tests (with no pressure to complete all SPUTs if
they were unable). Before and after the tests, the
participants engaged in a warm-up and stretching
session to reduce the risk of musculoskeletal injury,
which can occur after completing such demanding
measures. The various SPUTs were completed as
follows.

The 1SPUT was executed using push-up loading
devices at the size of standard clinical push-up
boards (18 cm in height) to quantify the ULL-
SPUT. The devices were developed from digital
load cells (Model L6E3-C, 50 kg-3G, with the
standard calibration method based on UKAS LAB
14: 2006; mini-patent application number
2103001612).11,12 After calibration, the tools were
accurate up to < 0:1 kg, with a measurement un-
certainty of � 0.1 kg. Participants were in a ring
sitting position and placed their hands on the push-
up loading devices slightly anterior to their hips
(Fig. 1). Then, they pushed both hands against the
devices, lifted the body from the °oor while slightly
bending the trunk forward and depressing both
scapulars, and gradually bent the elbows to sit
down on the °oor.9,11,12 The test was repeated over
three trials, with a su±cient rest period between
the trials. Outcomes of the test were recorded in
terms as either pass or fail; a pass was de¯ned as
the ability to lift the body from the °oor success-
fully in at least two of the three trials; if not, the
outcome was regarded as a fail.12 In addition, the
average data of the maximum ULL-SPUT over the
three trials, which was automatically generated by
the push-up loading devices, was recorded.11,12

Participants who failed a 1SPUT terminated
the SPUTs, and were assessed using standard
measures. Participants who passed continued the
timed-based SPUTs, including the 5SPUT,
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10SPUT, and 1minSPUT—using standard clinical
push-up boards and a starting position similar to
that used for the 1SPUT. For the 5SPUT and
10SPUT, the participants were timed on their
ability to complete 5 and 10 SPUT repetitions in
the fastest and safe manner from the instruction
\start" until the participant's buttock touched the
°oor on the last repetition. The average time over
the three trials was recorded. For the 1minSPUT,
the participants were assessed for the maximum
number of SPUT repetitions they could do in one
minute over one trial. During the test, they could
take a period of rest as required and continue the
test as soon as they could; otherwise, they termi-
nated the test if they were unable to continue.

The SPUTs were assessed on a hard and level
surface by an experienced rater (intraclass corre-
lation coe±cients [ICCs] = 0.932–1; p < 0:001).
The participants could take a period of su±cient
rest between the trials and the tests as required

(at least a minute). The number of participants
who could complete each method of SPUT was
recorded, along with the adverse events (if any),
such as musculoskeletal pain, chest pain, or acci-
dental events, for the consideration on the feasi-
bility of the SPUTs.

Standard measures: The participants were
assessed using standard measures to indicate their
body composition (i.e., lean body mass [LBM],
bone mineral content [BMC], and body fat mass),
muscle strength, and mobility (Table 1) by an
experienced assessor in a random order. The par-
ticipants could take a period of rest between the
tests and the trials as required (or at least 30 s), in
order to minimise the learning e®ects and fatigue
that might occur due to the sequence of the tests.
They were fastened with a lightweight safety belt
around their waist so that the assessor could pro-
vide e±cient assistance if needed. Details of the
standard measures are described in Table 1.15–34

Fig. 1. Testing protocols of seated push-up tests. (A) Starting position with push-up loading devices. (B) Position while lifting
the body from the surface with push-up loading devices. (C) Starting position with push-up boards. (D) Position while lifting
the body from the surface with push-up boards.
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Notes: SPUT = seated push up test, ULL-SPUT = upper limb loading during a seated push up test

Fig. 2. Participation °owchart.
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Table 1. Details of the standard measures for body compositions, muscle strength, and mobility.

Outcome measure
Aims of the assessments/
psychometric properties Details of the measurement

Body
compositions

Dual-energy X-ray
absorptiometry
(DXA)

Body compositions (lean body
mass [LBM], bone mass content
[BMC], and body fat mass
[FM]).16 Inter- and intra-tester
reliability (ICC = 0.97–0.98).17

Participants were in a supine position
on a DXA table with the arms
placed on their sides, the legs
extended, and the toes facing
upward according to the standard
protocols recommended by GE-
Healthcare.18 The data of body
compositions, including LBM,
BMC, and body fat mass, were
automatically generated by the
machine in kilograms.

Muscle strength
tests

Handgrip test Upper limb muscle strength,
physical frailty, and disability
in older individuals. Excellent
test-retest reliability (ICC =
0.912–0.954).19

Participants were in a sitting position
and squeezed the handle as much
as they could over three trials per
hand with a su±cient rest interval
(at least 30 s) between the trials,
and the maximum force was
recorded.20

Back and leg strength
test

The back and leg extensor muscle
strength. Excellent intra-tester
reliability (ICC = 0.97).21

Participants stood on the base of a
back-leg-chest dynamometer with
the chain adjusted according to
their height and the protocols for
the trunk or leg extensor muscles
explained previously. Then, they
pulled the chain with their
maximum force, holding it for 3 s.
A rest period between the trials
was allowed as needed (at least
30 s). The average force in the
three trials for each method was
recorded in kilograms.22

Mobility
assessments

Five times sit-to-stand
test

Functional lower extremity
muscle strength and dynamic
balance control while changing
postures.15,23 Test-retest
reliability (ICC = 0.81; SEM =
0.9 s).23,24 MDC95 ¼ 2:5 s.24

Concurrent validity with the
TUG test; r ¼ 0:64,
p < 0:001.24

Participants were timed their ability
to complete ¯ve chair-rise cycles at
the fastest possible safe speed
without using their arms. The
average time over the three trials
was reported.25

Timed up-and-go test Mobility, dynamic balance
control, and risk of falling in
older individuals.26,27 Test-
retest reliability (ICC =
0.97).28 Inter-tester reliability
(ICC = 0.99).26

Participants were timed their ability
of standing up from a standard
armrest chair, walking at the
fastest and safe speed around a
tra±c cone at 3m from the chair,
returning, walking back to sit back
down on the chair. The average
time over the three trials was
reported.25

10-m walk test Overall quality of gait,
community participation,
health condition, morbidity,
and mortality rates.29 Test-
retest reliability (ICC = 0.92)
and MDC = 0.22m/s.30

Participants were timed their ability
of walking at a comfortable pace
along the middle 4m of the total
10-m walkway. The average time
over the three trials was then
converted to a walking speed.31,32
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Statistical analysis

Descriptive statistics were used to describe the
participants' characteristics and the ¯ndings of the
study. The independent samples t-test and Mann–
Whitney U-test were used to compare the data
between the participants who passed and failed the
1SPUT for the data with a normal and non-normal
distribution, respectively (i.e., the discriminative
validity). The Pearson correlation coe±cient was
used to analyse the correlations of continuous data
between the SPUTs and standard measures (i.e.,
the concurrent validity). The correlation level
was interpreted as being very low or negligible
(r ¼ 0–0.30), low (r ¼ 0:30–0.50), moderate
(r ¼ 0:50–0.70), high or strong (r ¼ 0:70–0.90), or
excellent (r ¼ 0:90–1.00).14 Therefore, the closer
the correlation coe±cient was to 1, regardless of
the direction, the stronger was the existing asso-
ciation, indicating a linear relationship between the
SPUT data and the standard measures. The level
of statistical signi¯cance was set at p < 0:05.

Results

In total, 82 individuals, with an average age of 74
years and a normal BMI, completed the study.
Most participants were well-functioning females,
physically active, and able to perform daily activ-
ities independently, without mobility devices
(n ¼ 72; 88%; Table 2). Of all, 57 participants were
assessed for their body composition because this
variable was additionally included after the initia-
tion of the study.

All 82 participants could complete a 1SPUT; 62
participants (75.6%) passed the test and proceeded
to be assessed with other forms of the SPUTs,
while the rest of them (n ¼ 20) failed in the test
and continued with standard measures. Most par-
ticipants who failed were female (n ¼ 18; 90%),
and approximately one-third of them (n ¼ 7; 35%)
used a single cane for daily movement. The average
ULL-SPUT of the participants who passed was
85% of their bodyweight and for those who failed
was 71% of their bodyweight (p < 0:001; Table 3).

Table 1. (Continued )

Outcome measure
Aims of the assessments/
psychometric properties Details of the measurement

Two-minute step test Functional capacity and physical
endurance.33 Test-retest
reliability (ICC = 0.90) and
concurrent validity with 1-mile
walking time (r ¼ 0:73).34

Participants raised their knee to a
mid-thigh level, that is, the mid
distance between the iliac crest
and the patella, marking the point
on the wall. The total number of
steps in place, that is, the number
of times the right knee reached the
target level in 2 min over one trial
was recorded.33

Notes: ICC: intraclass correlation coe±cient; SEM: standard error of measurement; MDC: minimal detectable change.

Table 2. Personal data of all participants and of those who passed and failed a 1-seated push up test (1SPUT).

Variable Total (n=82) Fail (n ¼ 20) Pass (n ¼ 62) P -value

Agea (years) 74:6� 6:5 (73.1–76) 76:5� 7:4 (73–79.9) 74� 6:1 (72.4–75.5) 0.120

Genderb (female) 49 (61) 18 (90) 29 (46.7) 0.002�

Bodyweighta (kg) 55:6� 9:9 (53.5–57.8) 55:9� 11:9 (50.3–61.5) 55:6� 9:3 (53.2–57.9) 0.893
Body heighta (m) 1:5� 0:1 (1.5–1.6) 1:5� 0:1 (1.5–1.6) 1:6� 0:1 (1.5–1.6) 0.906

Body mass indexa (kg/m2) 23� 3:2 (22.3–23.8) 3:9� 3:7 (22.2–25.6) 22:8� 3:1 (22–23.6) 0.185

Daily walking deviceb (Cane) 10 (12.2) 7 (35) 3 (4.8) < 0:001�

Notes: Participants who could lift the body up from the °oor successfully in at least two over the three trials were
arranged into the \pass" group, if not, they were placed in the \fail" group. aData are presented as mean� SD (95%
con¯dence intervals), and compared between the pass and fail groups using the independent samples t-test. bThe data
are presented using number (%) and compared between the groups using the Chi square test. �Indicated signi¯cant
di®erences between the groups.
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The body composition, muscle strength, and mo-
bility also showed signi¯cant di®erences between
the groups (p < 0:05; Table 3). The ¯ndings fur-
ther indicated a moderate to strong correlation
between the ULL-SPUT data, and all body com-
position (r ¼ 0:515–0.785; p < 0:001; Table 4),
muscle strength, and mobility measures
(r ¼ 0:247–0.547; p < 0:05) of the participants
(Table 4).

All participants who passed the 1SPUT could
complete other forms of SPUTs (n ¼ 62). Their
average 5SPUT time was 9:2� 4:1 s (95% con¯-
dence interval [CI]: 8.6–9.7 s), 10SPUT time was
17:7� 3:5 s (95% CI: 16.9–18.7 s), and 1minSPUT
repetitions was 28:3� 8:0 times (95% CI: 26.4–30.3
times). There were no adverse events related to the
SPUTs reported by any of the participants. The
outcomes of the 1minSPUT showed a signi¯cant
low to moderate correlation to LBM and muscle
strength tests and mobility measures (r ¼ �0:306–
0.526; p < 0:05; Table 4) but not to BMC or body
fat mass (p > 0:05). By contrast, the 5SPUT and
10SPUT data showed a signi¯cant low correlation
to only the ¯ve times sit-to-stand test (FTSST),
10-m walk test (10MWT) and 2-min step test
(2MST) (r ¼ �0:355–0.398; p < 0:01; Table 4).

Discussion

This study assessed the validity and feasibility for
various types of SPUTs among community-dwell-
ing older people. All participants could complete
the 1SPUT and ULL-SPUT, wherein a pass or fail
in a 1SPUT could clearly discriminate participants
with di®erent body composition, muscle strength,
and mobility outcomes (p < 0:05; Table 3). In ad-
dition, the ULL-SPUT showed a signi¯cant corre-
lation to all body composition, muscle strength,
and mobility measures (Table 4). Among the time-
based SPUTs, the 1minSPUT showed signi¯cant
correlation with LBM and all muscle strength and
mobility measures, whilst the 5SPUT and 10SPUT
showed a signi¯cant low correlation with only some
mobility measures (Table 4).

Of all forms of SPUTs investigated in this study,
the 1SPUT along with its ULL-SPUT are the least
demanding measures and, thus they could be
completed by all participants with poor and good
functional ability (Table 3). Participants who
passed a 1SPUT had the ULL-SPUT approxi-
mately 85% of their bodyweight which was signif-
icantly greater than that of those who failed the

test (at approximately 71% of their bodyweight;
p < 0:001; Table 3). Previous studies reported that
the ability to increase the ULL-SPUT requires the
complex interaction of many upper limb and upper
trunk muscles, as well as perceptual information
working cooperatively to generate muscle force and
joint torque to lift the body upward by both
arms.9–11 Such ability requires SMM, a major part
of LBM, in order for the muscles involved in the
task to convert chemical energy into mechanical
energy for force and power generation.10,19 Mus-
cular contraction also imposes mechanical loading
onto the bones, along with cardiovascular stress,
while body fat mass acts as resistance when com-
pleting the task.19,20 Therefore, the 1SPUT and
ULL-SPUT outcomes signi¯cantly correlated to
body composition of the arms. Then the age-
related physiological changes occurring throughout
the body and in all body systems enabled outcomes
of the tests involving upper limb and upper trunk
muscles to re°ect standard measures involving
other body parts.1,2 Consequently, the present
¯ndings indicate a signi¯cant correlation between
the ULL-SPUT and all body composition, muscle
strength, and mobility measures investigated in
this study (Table 4). Furthermore, the participants
who passed the 1SPUT had the outcomes of
body composition, muscle strength, and mobility
measures signi¯cantly better than those of the
participants who failed the test (p < 0:05; Table 3).

Nonetheless, outcomes of the 1SPUT and ULL-
SPUT may face ceiling e®ects in older individuals
with good ability (i.e., score limitation at the top of
a scale, i.e., always getting a pass in the test or
nearly 100% of their bodyweight35). Thus the
1SPUT and ULL-SPUT outcomes in these cases
may not represent the changes occurring in these
participants, even there is actual change in the
participants' body composition, muscle strength,
or mobility. In such cases, other timed-based
SPUTs (e.g., the 5SPUT, 10SPUT, and 1min-
SPUT)—which can be applied only in those who
pass the 1SPUT—may be utilised to further chal-
lenge the ability of these individuals. However, the
5SPUT and 10SPUT, which can be completed
within a short duration, may be unable to clearly
re°ect the variability in ability level among these
participants. Therefore, the 5SPUT and 10SPUT
outcomes showed a low correlation to only some
mobility measures, including the FTSST, 10MWT,
and 2MST (r ¼ �0:355–0.398; p < 0:01; Table 4).
On the contrary, outcomes of the most challenging
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form of SPUT investigated in this study—namely,
the 1minSPUT—might be able to detect the vari-
ability of participants with good functional ability.
Therefore, 1minSPUT outcomes showed signi¯-
cant correlation with LBM, muscle strength and
mobility of the participants (r ¼ �0:306–0.526;
p < 0:05; Table 4).

Previous studies have suggested that the
slightest physical reduction could transform a
person from independence into one with disability.
Therefore, it is highly suggested to detect and
monitor any abnormality early on, as well as to
improve their physical conditions since they are
still functioning independently, so that disability
can be prevented or delayed.36,37 The present
¯ndings suggest the feasibility and validity of the
SPUTs—in various forms—as another practical
upper limb measure to indicate body composition,
muscle strength, and mobility, which are necessary
for the independence and safety of community-
dwelling older individuals. Such measures can be
completed in a small area over a hard and smooth
surface (e.g., over a bed); and thus they can be
applied in various clinical, community-, and home-
based settings.

However, there are some noteworthy limitations
to this study. First, the study was conducted cross-
sectionally among mostly well-functioning older
participants who had a BMI of less than 30 kg/m2.
Thus, the ¯ndings may not clearly indicate the
ability of the SPUTs to monitor changes in the
body composition, muscle strength, and mobility of
older individuals over time or of those who are frail
or obese. Second, the SPUT measurements were
taken using clinical push-up boards of a standard
size, which may in°uence the outcomes of the test
for participants with di®erent heights. Third, only
57 participants (69.5%) were assessed for their
body composition because this variable was addi-
tionally included after the initiation of the study.
The lower number of participants as compared to
that required in this study may a®ect clinical
contribution for the ¯ndings of this variable, i.e.,
the correlation between SPUTs and body compo-
sition. Thus, a further study addresses all these
limitations, as well as other psychometric proper-
ties needed for clinical application are still required
to con¯rm the present ¯ndings and extend clinical
bene¯t of SPUTs.

In conclusion, particular forms of SPUTs are
feasible and valid measures to re°ect body com-
position, muscle strength, and mobility among

well-functioning older individuals. The 1SPUT and
ULL-SPUT can be applied among those with good
or poor functional ability, and they may be com-
pleted using a digital bathroom scale placed on a
hard and even surface. The 1minSPUT—which
may be assessed using an armchair or using small
wooden boxes placed on a ¯rm surface—can be
employed to further challenge older individuals
who have good functional ability. Such measures
may be applied to early detect the abnormality
relating to their muscle strength, mobility and
body composition change that may occurred in
older individuals, especially among those with
lower limb limitations or in settings with limited
area and equipment.
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Background/Purpose: To date, there are no published validated Chinese versions of the incremental
shuttle walk test (ISWT) instructions despite its wide clinical applications. Translation of the Chinese ISWT
instruction is done in an ad-hoc manner within the Chinese-speaking populations, a®ecting the test's reli-
ability and validity since translation can di®er signi¯cantly between individuals. This warrants the need for
psychometric testing of such translation.
Objectives: To develop a Chinese (Mandarin) version of the ISWT instructions (ISWT-CHN) that is
conceptually equivalent to the original English version (ISWT-ENG) and establish its reliability and validity.
Methods: Forward and backward translations from the ISWT-ENG were done to generate the ISWT-CHN.
Face and content validity was determined during the translation process. Intra-rater and inter-rater reli-
ability of the ISWT-CHN, construct and criterion validity were established by analysing the ISWT and the
gold standard cardiopulmonary exercise test results.
Results: The Item-Content validity index (I-CVI), Scale-level-Content validity index (S-CVI), and content
validity ratio (CVR) of the ISWT-CHN were 1.0. Intra-class Correlation Coe±cient (ICC) for inter-rater
reliability between two raters were excellent (ICC ¼ 0:99, 95% CI 0.97–1.0, p < 0:001; SEM ¼ 0:85m,
MDC ¼ 2:35m). The intra-rater reliability of both Raters A (ICC ¼ 0:92, 95% CI 0.53–0.98, p ¼ 0:003;
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SEM ¼ 35m, MDC ¼ 97m) and B (ICC ¼ 0:90, 95% CI 0.76–0.96, p < 0:001; SEM ¼ 32m, MDC ¼ 88m)
were good. In a sample of 32 healthy participants, both ISWT-CHN and ISWT-ENG instruction results
showed low-positive correlations with the VO2max determined from the cardiopulmonary exercise test (r =
0.439, p < 0:001; r ¼ 0:448, p < 0:001). There is a very high correlation between ISWT-ENG and ISWT-CHN
results with no statistically signi¯cant di®erences (r ¼ 0:967, p < 0:001). The construct and criterion validity
of the ISWT-CHN were established.
Conclusion: This study developed the ISWT-CHN and showed that it is a valid and reliable measure
conceptually comparable to the ISWT-ENG. It will bene¯t the determination of functional exercise capacity
in Chinese-speaking populations.

Key messages

. This study is aimed to develop a Chinese (Mandarin) version of the ISWT instructions.

. The ISWT Chinese translation is valid and reliable that is conceptually comparable to the original English
instruction.

. The translated ISWT-Chinese instruction will enable the use of ISWT among the Chinese-speaking
populations.

Keywords: Chinese translations; cross-sectional studies; incremental shuttle walk test; reproducibility of
results.

Introduction

The Incremental Shuttle Walk Test (ISWT) is a
commonly-used maximal ¯eld test that measures
the total distance covered by the number of com-
pleted shuttles (ISWD).1 The ISWT was ¯rst used
to determine the functional exercise capacity in
people with Chronic Obstructive Pulmonary Dis-
ease (COPD),1 and was proven to be reliable and
valid.2–5 The application of ISWT was then ex-
panded and proven to be reliable and valid in
populations with other health conditions such as
cardiovascular diseases,6,7 lung cancer,8 and pe-
ripheral arterial diseases.9 Functional exercise ca-
pacity refers to the maximum amount of aerobic
work an individual can sustain, de¯ned by the
maximal oxygen uptake (VO2max). This variable is
highly associated with a patient's ability to per-
form activities of daily living and the results are
often used for exercise prescription among phy-
siotherapists.10 The ISWT is used to assess physi-
cal ¯tness and design personalised walking
programmes,11–13 as well as assess treatment out-
comes and predict rehospitalisation, morbidity,
and mortality rates.14,15

Traditionally, Cardiopulmonary Exercise Tests
(CPETs) are the gold standard for measuring an
individual's exercise capacity.16 However, they re-
quire sophisticated equipment and trained sta® to
conduct the test and analyse its results. In con-
trast, the ISWT is simple and does not require

specialised equipment or extensive training to
conduct the tests. The externally-paced and in-
cremental characteristics of the ISWT are also
similar to laboratory CPETs,1 making the ISWT
an excellent alternative to assess exercise capacity
in clinical settings.

The European Respiratory Society (ERS) and
the American Thoracic Society (ATS) have
established standardised English instructions for
the ISWT.17 However, its use with non-English
speaking populations in regions and countries such
as Hong Kong, Taiwan, Malaysia, China, and
Singapore may be limited, given the di±culty in
understanding the instructions. The Chinese
(Mandarin) language is the second-most spoken
language worldwide,18 and approximately 75% of
Singaporeans are Chinese, with 48% of them have
Chinese as their primary language.19 This high-
lights the need for Chinese instructions. However,
there is no published validated Chinese version of
the ISWT instructions to date. As a result, clin-
icians have to translate the ISWT instructions on
an ad-hoc basis, which a®ects the reliability and
validity of the test since translation can di®er sig-
ni¯cantly between individuals, warranting the
need for additional psychometric testing on an
established measurement after cross-cultural
translation and adaptation.20 This is further
attested by the results from the European Social
Survey, which showed di®erences in measurement
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quality across countries. Their study attempted to
explain such di®erences and found that mis-
translations and/or keywords lost in translations
could a®ect the investigation results.21 Therefore,
this study aimed to develop a Chinese (Mandarin)
version of the ISWT instructions (ISWT-CHN)
that is conceptually equivalent to the original En-
glish version (ISWT-ENG) and subsequently
established its reliability and validity.

Methods

Design

This was a translation and cross-sectional validity
study assessing the reliability and validity of the
ISWT after the adaptation to the Chinese (Man-
darin) language. This study took place between
June 2020 and April 2021. Ethical approval was
obtained from the Institutional Review Board of
the university (Number: 2020022), and all subjects
provided written informed consent before partici-
pating in the study.

Development of ISWT-CHN

Before conceptualising this study, permission
was ¯rst sought from the test originator.1

The development of the ISWT-CHN adopted the
cross-cultural adaptation process recommended by
the World Health Organisation (WHO).22 Figure 1
describes the translation and cross-cultural adap-
tation process of the ISWT-CHN. Two bilingual
translators performed the forward translations in-
dependently. These two versions (Versions A
and B) were combined to form the interim
instructions (Version C), and it was then compared
and revised by two investigators and the two for-
ward translators in agreement to form the revised
translated version (Version D). Twenty volunteers
who were bilingual in English and Chinese but had
no prior experience with the ISWT performed the
backward translation of the revised-Chinese ver-
sion (Version D) to English (Versions E1–E20).
Lastly, the panel of researchers, which consisted of
four investigators and two translators, reviewed
the 20 backward translated versions for face and
content validity and modi¯ed them to produce the
¯nal ISWT-CHN instructions (Version F).

Participants, investigators and
centres

The participants were recruited via convenience
sampling, with the following inclusion criteria: (1)
Between 21 and 65 years old; (2) ambulant and not

Fig. 1. Flow diagram of the translation and cross-cultural adaptation process.
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using any walking aids; (3) colloquially pro¯cient
in Chinese and English; (4) has adequate mental
capacity and able to follow instructions; and (5)
was not involved with the backward translation in
the development of the ISWT-CHN. Participants
were excluded from the study if they had any
cardiovascular, respiratory, neuromuscular and/or
musculoskeletal disorder(s) that could hinder their
ability to exercise. The Physical Activity Readiness
Questionnaire for Everyone (PAR-Qþ)23 was used
for screening. Prospective participants were ex-
cluded if they were presented with any contra-
indications for CPET24 or spirometry results that
suggested any potential air°ow limitation, de¯ned
as a forced expiratory volume in one second
(FEV1) to forced vital capacity (FVC) ratio of less
than 0.70.25,26 According to other cross-cultural
adaptation studies27–31 and the minimum sample
size suggested by statisticians,32 30 participants
would provide adequate study power to observe
the validity and reliability. All exercise testing,
namely ISWT and CPET, were conducted by two
investigators (Rater A and Rater B), undergradu-
ate physiotherapy students with pro¯ciency in
conducting the tests, under close supervision from
the principal investigator. All testing procedures
and data collection took place in the exercise lab-
oratory of the university.

The ISWT protocol

With adherence to the Technical Standard,17 the
ISWT was conducted with an open 10m course
marked by two cones that were placed 0.5m in-
wards from either end. Participants were required
to listen to a pre-recorded standardised ISWT
instruction in either English or Chinese (Manda-
rin) before the test started and had to keep up with
the walking speed dictated by the pre-recorded
audio signals while walking up and down the
course during the test. The test was terminated if
the participant was limited by (1) fatigue; (2)
dyspnoea; or (3) inability to maintain the required
speed and failed to complete two consecutive
shuttles. The distance covered was calculated from
the total number of completed shuttles (ISWD).
Parameters such as oxygen saturation (SpO2),
heart rate (HR), blood pressure (BP), and the
modi¯ed Borg's scale (0–10) for Dyspnoea and
Rate of Perceived Exertion (RPE)33,34 were taken
at various time points of the test. There was a
minimum 30min break between each test, and the

SpO2, HR, and BP had to return to baseline before
the subsequent trial.

Bruce protocol treadmill test

The CPET was conducted on a treadmill (h/p/
cosmos quasarr med, Germany) withmetabolic gas
analysis (COSMED Quark CPET Gas Analyser,
Germany). The CPET was conducted using the
standard Bruce treadmill protocol.35 Participants
were instructed to continue the test until maximal
exhaustion while trained investigators monitored
the necessary parameters [HR and rhythm via a 12-
lead electrocardiogram, BP and RPE (0–10)]. The
maximal oxygen consumption (VO2max) recorded
by the cardiopulmonary diagnostic software
(OMNIA 1.6.3, COSMED, Rome, Italy) was used
for data analysis. The CPET results served as the
benchmark for criterion validity testing between
ISWT-ENG and ISWT-CHN. The ISWT and
CPET testings' were conducted on separate days.

Reliability and validity of ISWT-
CHN

A pilot trial was ¯rst conducted on six healthy
participants who ful¯lled the same aforementioned
inclusion and exclusion criteria with the ISWT-
CHN instructions (Version F) to ¯nalise the
translation and establish the inter-reliability of the
ISWT-CHN (Raters A and B). Both investigators
contributed to the collection of the demographic
data. Each participant completed a total of ¯ve
trials on the same day. Considering the learning
e®ect on the ISWT,36,37 a practice trial was in-
corporated before the participants were rando-
mised into A-B-B-A (n ¼ 3) or B-A-A-B (n ¼ 3)
sequence via a computer-generated list for optimal
e±ciency and inter-rater reliability estimates.38

The better of the two ISWD from each rater was
used to establish the inter-rater reliability of the
ISWT-CHN. No further changes to the ISWT-
CHN instructions were made after the pilot trial,
and Version F was concluded as the ¯nal ISWT-
CHN instructions. Subsequently, the intra-rater
reliability was established with an additional 14
healthy participants.

In the validity study, participants performed
three trials of ISWT on the same day and the
CPET on the following day. The block randomi-
sation method with a block size of three was used.
The block size of three was the minimum
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permutation for two variables, yet it was able to
reduce bias and achieve balance in the allocation of
participants compared to simple randomisation,
particularly applicable with a small sample size.39

The recruited participants were randomised using
a computer-generated list into four groups with
di®erent test sequences for the validity testing of
the ISWT-CHN. The groups were as follows: The
English–Chinese–English (ECE; n ¼ 8), English–
English–Chinese (EEC; n ¼ 8), Chinese–English–
Chinese (CEC; n ¼ 8) or Chinese–Chinese–English
(CCE; n ¼ 8) groups (Fig. 2). The better result of
the two trials in the same language and the result
of the remaining trial in the other language within
the same test sequence, were chosen for analysis to
account for the learning e®ect.36,37 For example,
the better result of the two English ISWD and the
Chinese ISWD from the ECE group were used for
subsequent analysis.

Data analysis

Statistical analysis was performed with IBM
SPSSr Statistics for Windows Version 26.0 (IBM
Corporation, Armonk, New York, USA). The level
of signi¯cance was set at p < 0.05. Demographic
and anthropometric data of participants were ex-
amined for normal distribution using the Shapiro–
Wilk test. ANOVA was used to analyse normally
distributed continuous variables between groups
(Height, Weight, FEV1/FVC ratio, Chinese and
English ISWD, Absolute VO2max) and the Krus-
kal–Wallis test was used to analyse non-normal
continuous variables (Age). The Fisher's exact test
was used to analyse sex di®erences between groups.

The inter-rater and intra-rater reliability were
analysed via the interclass correlation (ICC) with
a two-way mixed-e®ects model and a Bland–
Altman plot.40 The ICC was based on a 95%
Con¯dence Interval (95% CI). Absolute reliability

Notes: ECE ¼ English–Chinese–English, EEC ¼ English–English–Chinese, CEC ¼ Chinese–English–Chinese, CCE ¼ Chinese–Chinese–English,
ISWT-CHN ¼ Chinese (Mandarin) version of the Incremental Shuttle Walk Test, ISWT-ENG ¼ original version of the Incremental Shuttle Walk

Test.

Fig. 2. Design and °ow of participants through the validity study.
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was calculated with the standard error of mea-
surement (SEM), minimal detectable change
(MDC), and 95% limits of agreement (LOA). SEM
was calculated based on the formula SDpð1� ICCÞ, while MDC at 95% level of con¯dence
was calculated based on the formula SEM�p

2�
1.96. The 95% LOA provides an interval within
which 95% of di®erences between the two mea-
surements are expected to lie. The alternate form
of reliability between the two measurements can be
ensured if the 95% LOA is narrow and at least 95%
of the points lie within the limits.41,42

Face validity was determined during the trans-
lation process. Content validity was determined by
the CVI and CVR.

(1) CVI is the most widely reported method for
determining content validity in instrument
development that examines its relevance and
clarity, and it can be calculated using the Item-
CVI (I-CVI) and the Scale-level-CVI
(S-CVI).43 This study used a 4-point Likert
scale (not at all, needs some revision, needs
minor revision, complete), where the I-CVI was
calculated by the total ratings scored by all the
panel members (n ¼ 6; four investigators and
two translators) and divided by the total
number of panel members. Where I-CVI is
greater than 0.79, the item is relevant; between
0.70 and 0.79, the item requires revisions; and
when it is less than 0.70, the item is elimi-
nated.43,44 Similarly, S-CVI is determined by
the number of items in the instrument that
received a \highly complete" grade. The Uni-
versal Agreement (UA) among the panel
members (S-CVI/UA) and the Average CVI
(S-CVI/Ave) are two ways of determining
S-CVI, the latter being a less conservative
method.43 S-CVI/UA is calculated by the sum
of all items with I-CVI equal to 1 divided by
the total number of items, whereas S-CVI/Ave
is equal to the sum of all the I-CVIs divided by
the number of items. Content validity is ex-
cellent when the S-CVI/UA is more than 0.8
and the S-CVI/Ave is more than 0.9.44 This
study used the S-CVI/UA method.

(2) CVR measures the essentiality of an item45

CVR ranges from −1 to 1, with a higher score
indicating greater agreement among panel
members. CVR ¼ (Ne – N/2)/(N/2), where Ne
is the number of panellists who rated an item
as \essential" and N is the total number of

panellists.43 Each sentence's essentiality was
examined on a 3-point Likert scale (not essen-
tial, useful but not essential, essential). For a
panel size of six, CVR ¼ 1:0 (p ¼ 0:05)46 is
required to be statistically signi¯cant.

Construct and criterion validities were analysed
using Pearson's correlation coe±cient r. Construct
validity was determined from the correlation be-
tween the distances obtained from ISWT-ENG and
ISWT-CHN, while criterion validity was deter-
mined from the correlations between the ISWDs of
the ISWT-CHN, ISWT-ENG and VO2max of the
CPET.

Results

Flow of participants

Six participants were recruited during the pilot
trial to establish the inter-rater reliability, and an
additional 14 participants were included to estab-
lish the intra-rater reliability. All screened parti-
cipants ful¯lled the inclusion criteria, and none
were excluded according to the exclusion criteria.
Table 1 presents the overall characteristics of the
participants in the reliability study. Subsequently,
40 participants were assessed for eligibility during
the validity study, and eight participants were
excluded according to the exclusion criteria. The
remaining 32 participants, 20 males (63%) and 12
females (37%) satis¯ed the inclusion and exclusion
criteria and participated in the validity study. The
demographic and clinical data (age, sex, height,
weight, spirometry readings, ISWD, and VO2max)

Table 1. Demographics of partici-
pants in the reliability study (n ¼ 20).

Participants

Age (years) 26.7 (SD 5.1)
Sex
Male
Female

11
9

Height (cm) 169 (SD 7.6)
Weight (kg) 67 (SD 14.9)
FEV1/FVC ratio (%) 86 (SD 5.0)

Notes: SD: Standard deviation; cm:
centimetres; kg: kilograms; FEV1/FVC
ratio (%): forced expiratory volume in
one second (FEV1) to forced vital
capacity (FVC) ratio in percentage.
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of the participants in the validity study are sum-
marised in Table 2.

Reliability of ISWT-CHN

Table 3 illustrates the inter- and intra-rater reli-
ability. The ISWT-CHN displayed excellent inter-
rater reliability (ICC ¼ 0:99, 95% CI 0.97–1.0,
p < 0:001) between Raters A and B, with the SEM
and MDC being 0.85 metres (m) and 2.35 m, re-
spectively. Figure 3 shows the Bland–Altman plot
for the inter-rater reliability, and the dots on the
plot represents each of the six participants for the
pilot study. From the plot, all the points were
within the 95% LOA (þ95% LOA ¼ 37m, �95%
LOA ¼ �37m). Good intra-rater reliability (Rater
A: ICC = 0.92, 95% CI 0.53–0.98, p = 0.003; Rater
B: ICC ¼ 0:90, 95% CI 0.76–0.96, p < 0:001) was
observed. The SEM values for the intra-rater

reliability testing were 35m for Rater A and 32m
for Rater B. The MDC values for the intra-rater
reliability testing were 97m for Rater A and 88m
for Rater B. The SEM values for the reliability
testing could be considered small as they were
below 10% of the highest achievable distance of
1020m.47

Validity of ISWT-CHN

The rigorous translation process established the
face validity of the ISWT-CHN according to the
translation and cross-cultural adaptation guide-
lines by the WHO.22 The panel of six investigators
synonymously agreed that the face meaning of the
20 copies of backward translations collected was
equivalent to the original English instructions.
Subsequently, content validity was established
via quantitative and qualitative assessments.

Table 2. Demographics and clinical data of participants in the validity study (n ¼ 32).

ECE
(n ¼ 8)

EEC
(n ¼ 8)

CEC
(n ¼ 8)

CCE
(n ¼ 8) p-value

Age (years) 24 (SD 2.2) 27 (SD 3.7) 27 (SD 6.5) 24 (SD 3.1) 0.23
Sex
Male (n = 20)
Female (n = 12)

6
2

5
3

5
3

4
4

0.96

Height (cm) 168 (SD 5.4) 165 (SD 6.0) 168 (SD 8.1) 170 (SD 7.3) 0.53
Weight (kg) 62 (SD 7.3) 60 (SD 9.2) 72 (SD 16.0) 62 (SD 12.0) 0.18
FEV1/FVC ratio (%) 90 (SD 3.3) 85 (SD 6.0) 85 (SD 3.0) 88 (SD 6.5) 0.15
Chinese ISWD (m) 699 (SD 155.0) 801 (SD 181.0) 738 (SD 150.0) 803 (SD 163.0) 0.52
English ISWD (m) 716 (SD 136.0) 801 (SD 174.0) 713 (SD 160.0) 806 (SD 157.0) 0.47
Absolute VO2max (mL/min/kg) 47 (SD 8.7) 40 (SD 8.1) 41 (SD 14.0) 47 (SD 16.0) 0.52

Notes: ECE ¼ English–Chinese–English, EEC ¼ English–English–Chinese, CEC ¼ Chinese–English–Chinese,
CCE ¼ Chinese–Chinese–English, n ¼ number of participants, ISWD ¼ Incremental Shuttle Walk Distance,
FEV1 ¼ forced expiratory volume in one second, FVC ¼ forced vital capacity, and VO2max ¼ maximal oxygen
consumption. �Signi¯cance of p values < 0:05.

Table 3. Reliability of the ISWT-CHN.

ICC 95% CI p-values SEM (m) MDC (m)

Inter-rater reliability (n ¼ 6) 0.99 0.97-1.00 < 0.001� 0.85 2.35
Intra-rater reliability (n ¼ 20)
Rater A 0.92 0.53-0.98 ¼ 0:003� 35.0 97.0
Rater B 0.90 0.76-0.96 < 0.001� 32.0 88.0

Notes: ISWT-CHN ¼ Chinese (Mandarin) version of the Incremental Shuttle Walk Test,
ICC ¼ Intra-class Correlation Coe±cient, CI ¼ Con¯dence Interval, SEM ¼ Standard
Error of Measurement, and MDC ¼ Minimal Detectable Change. �Signi¯cance of
p values < 0:05.
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Six investigators provided feedback and ratings on
the essentiality, relevance, and clarity of each
sentence of the translated instruction. There was
unanimous agreement that the conceptual mean-
ing of the IWST-CHN was consistent with the
original version. The I-CVI, S-CVI/Ave and CVR
of the ISWT-CHN were 1.0.

The ISWT-CHN had a mean distance of 760 m
[standard deviation (SD) 161] and ISWT-ENG had
a mean distance of 759m (SD 156). The Pearson's
coe±cient of ISWT-CHN versus CPET (r ¼ 0:439,
p < 0:001) as compared to ISWT-ENG versus
CPET (r ¼ 0:448, p < 0:001). This similarly weak
positive correlation with the VO2max established
the criterion validity of the ISWT-CHN. Addi-
tionally, the ISWT-CHN had satisfactory con-
struct validity, as shown by the very high positive
correlation between the ISWD of the ISWT-CHN
and ISWT-ENG (r ¼ 0:967, p < 0:001). Figure 4
shows the scatterplots that depict the relationships
between VO2max (mL/min/kg), ISWT-CHN
distance (m) and ISWT-ENG distance (m).

Discussion

This study aimed to cross-culturally adapt the
English ISWT instructions to Chinese (Mandarin)
and evaluate the translation's reliability and va-
lidity. This study revealed that ISWT-CHN is a
reliable and valid outcome measure. Intra-rater
reliability of both Raters A and B were good, with
an ICC of 0.92, p ¼ 0:003 and 0.90, p < 0:001,
respectively. Inter-rater reliability was excellent
with an ICC of 0.99, p < 0:001, and the Bland–
Altman plot revealed all points within �1:96 SD of
the mean di®erence implying that the two raters
agreed. Absolute reliability measurements also
showed that the ISWT-CHN results were precise
and had low margins of error between raters, with
an SEM of 0.85m and an MDC of 2.35m. This
agrees with the results from other studies that
showed good to excellent reliability, for instance,
in the COPD population (ICC ¼ 0:80–0.93)2

and patients with peripheral obstructive arterial
disease (ICC ¼ 0:95).9

Notes: The di®erences in incremental shuttle walk distances between raters are plotted against the mean scores. The straight line represents the

mean di®erence between the two raters; dashed lines represent the 95% limits of agreement. ISWD ¼ Incremental Shuttle Walk Distances and
LOA ¼ limits of agreement.

Fig. 3. Bland–Altman plot comparing the agreement between two raters.
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The validity of the ISWT-CHN was established.
Face validity was determined during the transla-
tion process. Content validity was ascertained by
the determination of CVI, in the form of I-CVI and
S-CVI, as well as CVR. Construct and criterion
validity of ISWT-CHN were also established. The
construct validity of the ISWT-CHN was estab-
lished through the excellent correlation with the
ISWT-ENG (r ¼ 0:967, p < 0:001). The ISWT-
ENG and ISWT-CHN results were compared with
CPET VO2max results, the gold standard to mea-
sure exercise capacity.16 The criterion validity of
the ISWT-CHN was indicated by the largely
similar signi¯cant positive correlation of the
ISWT-CHN and ISWT-ENG with the VO2maxðr ¼
0:439; p < 0:001; r ¼ 0:448; p < 0:001Þ, which sug-
gested strong agreement between both versions of
ISWT. The similar degree of weak positive corre-
lation between the VO2max and ISWT in both
languages and the strong correlation between the

ISWT-CHN and ISWT-ENG demonstrated the
equivalence of the instructions in both the lan-
guages. Therefore, the establishment of criterion
validity was inferred.

This study revealed a weaker correlation be-
tween ISWT results in both languages and CPET
VO2max results (r ¼ 0:439–0.448) as compared to
other studies. The Pearson's correlation coe±cient
r ranged from 0.72 to 0.85 in the COPD popula-
tion,3–5 from 0.73 to 0.83 in patients with cardiac
diseases,6,7 and was 0.67 in lung cancer patients.8 A
possible reason for this is because the original
ISWT1 was developed for patients with COPD,
and the protocol does not allow running to keep up
with the set speeds. This, however, might not be
sensitive to predict functional exercise capacity in
the healthy population as they are less likely to
reach 85% of the predicted maximal HR or become
too breathless to continue just by walking. More-
over, when observing the best ISWT trial results

(a) (b)

(c)

Fig. 4. Scatterplots of VO2max, ISWT-CHN distance and ISWT-ENG distance. (a) VO2max and ISWT-CHN distance, (b)
VO2max and ISWT-ENG distance, (c) ISWT-CHN distance and ISWT-ENG distance. ISWT-CHN ¼ Chinese (Mandarin)
version of the Incremental Shuttle Walk Test, ISWT-ENG ¼ original version of the Incremental Shuttle Walk Test,
VO2max ¼ maximal oxygen consumption, r ¼ Pearson's correlation, and p ¼ probability value.
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regardless of the language used in this study, none
of the participants terminated the test due to ex-
cessive dyspnoea and/or leg fatigue.1 In fact, most
participants (78%, n ¼ 25) terminated the test due
to the inability to maintain the required speed.1

Hence, in most participants, functional exercise
capacity could not be accurately predicted as the
test was terminated before adequate cardiovascu-
lar stress. The remaining 22% of participants
(n ¼ 7) completed all 12 levels at least once out of
the three ISWT trials, and 86% (n ¼ 6) of them
were males. Functional exercise capacity could not
be accurately predicted in this subgroup of parti-
cipants due to ceiling e®ects. To overcome these
limitations when using ISWT in a healthy popu-
lation, Probst et al.13 suggested allowing the par-
ticipants to run if needed and increasing the
number of stages beyond 12 levels by increasing
the speed by 0.17 metres per second (m/s) each
minute. However, this modi¯ed protocol37 is not
commonly used in clinical settings.

The ISWT is widely used in research and reha-
bilitation as a measure of exercise capacity. It is
often chosen over other measures of exercise ca-
pacity, such as the 6-min walk test (6MWT), as
this test necessitates at least 30 m of walking
space48 which may not be available at clinical or
research facilities. Furthermore, given that the
6MWT is associated with several limitations re-
lated to its self-paced nature, the ISWT is superior
when determining exercise intensity because of its
progressive nature.48,49 The ISWT is relevant and
particularly useful when prescribing exercise in-
tensity using the percentage of peak performance48

and thus may be more bene¯cial in the rehabili-
tation or general health promotion setting when
tailoring individualised exercise intervention.11–13

The newly translated Chinese instructions of the
ISWT may o®er a reliable and validated method of
¯eld-based exercise testing, bene¯ting Chinese-
speaking populations around the globe.

There are several limitations of this study.
Firstly, the study used convenience sampling and
recruited only a small sample size, which might
have introduced bias where speci¯c subgroups of
populations might have been over- or under-
represented. For instance, our participants were
relatively young, with a mean age of 26.7 (SD 5.1)
and 25 (SD 4.2) years in the reliability and validity
studies, respectively, although the study's age in-
clusion criteria were set between 21 and 65 years
old. This also resulted in a non-normal distribution

with data skewed to the left. This may be due to
the study's recruitment process, which required the
participants to be on social media to obtain infor-
mation about the study. This method may have
limited the study's reach to only those pro¯cient in
technology navigating the social media platforms.
Furthermore, a portion of interested participants
who were in older age groups chose not to partic-
ipate in the study after understanding what CPET
was, and declined with the main reason being
\afraid of over-exerting". Although interested and
willing to perform CPET, some older adults were
excluded from the study as they had chronic
medical conditions and were deemed unsafe for
exercise until certi¯ed by quali¯ed personnel, as
stated in the PAR-Qþ. Additionally, it is worth
noting that the study was conducted amid the
COVID-19 global pandemic, where multiple mea-
sures have been put in place, such as movement
restrictions and proper social distancing to curb
transmissions. Thus, participant recruitment was
mainly limited to the younger population, and the
sample size fell short of the 30 participants required
to provide adequate study power. Notwithstand-
ing, the reliability results are promising despite the
small sample size. It is also unclear if there exists a
di®erence in colloquial usage and understanding of
the language between age groups which warrants
further exploration.

Nonetheless, this study is the ¯rst to develop a
Chinese version of the ISWT instructions with
established reliability and validity. The study
results were comparable to other published data,
and it showed signi¯cant results to con¯rm that
the ISWT-CHN was conceptually equivalent to its
original English instructions. Thus, this study can
serve as a framework for future studies with larger
sample sizes and participants of varied back-
grounds despite its limitations.

Conclusion

This study translated and cross-culturally adapted
the original English instructions of the ISWT into
the Chinese (Mandarin) language and subse-
quently established its reliability and validity. The
ISWT-CHN was shown to be a reliable and valid
measurement of exercise capacity with psycho-
metric properties similar to the original English
version.1 This development is helpful to the Chi-
nese-speaking population as clinicians can now

146 W. Q. Ang et al.

September 21, 2022 8:56:02am WSPC/309-HKPJ 2250013 ISSN: 1013-7025



conduct the ISWT using standardised Chinese
instructions instead of performing ad-hoc transla-
tion. However, given the limited sample size, future
research on the ISWT-CHN with a larger sample
size and participants of di®erent backgrounds is
recommended.
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