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different health conditions. However, the effectiveness of mobile app in delivering home-based rehabilitation
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*Corresponding author.

Copyright@2022, Hong Kong Physiotherapy Association. This is an Open Access article published by World Scientific 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 modifications or adaptations are made.

99


https://dx.doi.org/10.1142/S101370252250010X

100 K. C. Cheng et al.

Objective: The aim of this study was to test the effectiveness 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 Modified Functional Ambulatory Category (MFAC), Elderly Mobility Scale (EMS) and
Lower Extremity Functional Scale (LEFS). Secondary outcomes were exercise adherence and Modified
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 Eleven participants had withdrawn from the study.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 first month (p = 0.03). There were no
between-group differences in MFAC, EMS, LEFS and M-CSI at the first month and second month.
Conclusion: Use of the mobile app improved exercise adherence, yet it did not improve physical perfor-
mance, self-efficacy and reduce caregiver stress when compared to a standard home rehabilitation program for
elderly patients with hip fracture. Further studies to investigate the benefits of mobile apps are required.

(ClinicalTrials.gov ID: NCT04053348.)
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Introduction

About half of women and a quarter of men suffer
from a fragility bone fracture in their lifetime,'-
which is mostly associated with fall.> 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,? and over half
of them will occur in Asia due to the higher growth
of ageing population in many Asian regions.* A
2015 study showed that there was a steady increase
in the incidence of geriatric hip fracture in Hong
Kong.” Assuming no increase in age-specific rates,
the estimated annual incidence of elderly hip frac-
ture in 2040 is more than 14,500.°

Previous studies showed that post-fracture lim-
itations, such as impaired balance,® decreased
mobility and lower limb strength,%” restrained el-
derly patients with hip fracture from participating
in daily activities to live independently and safe-
ly.%® Functional performance of these patients was
greatly affected 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.®” Main fac-
tors affecting functional performance were pre-
fracture ambulatory level and age.'? 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.!'!
Factors influencing caregiver stress level, such as
pre-fracture functional level, caregiver—patient re-
lationship and age of patients, were also identified
in the study.!!

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.'?!3 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.
Other possible factors, such as self-efficacy, age and
perceived social support from family, were shown
to be associated with exercise adherence.'®

Use of mobile apps in exercise education was
shown to improve exercise knowledge and self-
efficacy when compared with the use of paper
handouts.'® 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 (RCTSs) 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.!”'® 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.!?-2°
However, elderly patients may find difficulties in
using mobile apps and experience usability issues,
such as limited screen size of mobile devices and
complicating app interactions.?! Successful appli-
cation of mobile apps in populations with different
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 effectiveness 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 fulfilled 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 Modified Functional Am-
bulatory Category (MFAC) upon discharge; (6)
have access to a smartphone or tablet (i0S 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
significant cognitive deficits with a score of less
than 19 in Hong Kong Version of Montreal Cog-
nitive Assessment (HK-MoCA)??; (3) have signifi-
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 deficits or legally blind.

Based on the power being set at 0.80, type-1
error o of 0.05 and previous similar studies,?*?* 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 effect if
Geisser—Greenhouse Corrected F-test was used
with a 5% significance level and an effect size of
0.42. It also achieved 82% power to test the inter-
action effect if Geisser—Greenhouse Corrected
F-test was used with a 5% significance level and an
effect 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 identified 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
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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.?
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 sufficient 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 briefing 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 (240 mm X
169.5 mm), 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 briefing session and if
there were any tasks that required assistance to
complete safely, physiotherapists would instruct

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

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 different hip
fracture operations. There were four levels of dif-
ficulty, 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 20 min to
30 min. 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
briefing 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 briefing 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
refine 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
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Assessed for eligibility
(n=147)

Excluded (n=97)

- Not meeting inclusion criteria (n=87)

A 4
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|

|
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Home-based rehabilitation programme

using the mobile app
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- Deterioration of medical
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v

Refused home visits (n=5)

A 4

Analyzed (n=19)

Excluded from analysis (n=0)

Analyzed (n=20)

Excluded from analysis (n=0)

Fig. 1.

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
different levels of difficulties for the geriatric
hip fracture patient (Table 2).

(2) Progress summary: It allows patients to see
their progress and ultimately improve their
self-efficacy 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

Flow diagram of trial.

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 specific outcomes were conducted
at pre-discharge training session (7j) by the case
physiotherapists, first month (77) and second
month (73) post-discharge by domiciliary phy-
siotherapists during home visits. There were three
primary and two secondary outcomes.

Primary outcomes
Modified functional ambulatory category

The MFAC is a seven-point Likert scale to classify
a patient’s walking capacity. Gait is divided into
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Table 2.

Four levels of difficulty in the home-based rehabilitation program.

Exercise item Equipment needed

Training side

Levels of difficulty
Dose 1 2 3 4

1. Knee extension in sitting Resistance band
(resistance*)
2. Ankle plantarflexion in

sitting (resistance*)

Resistance band

3. Sit-to-stand (assisted) Table

4. Sit-to-stand (aided) Table

5. Sit-to-stand (unaided) Table

6. Knee flexion in standing Table

7. Hip abduction in standing Table

8. Hip abduction in standing Table + Resistance band

(resistance*)

9. Mini-squat Table
10. Lunge Table
11. Toe and heel raise in standing Table
12. Hip marching in standing Table

Both Ten repetitions for two sets /v v
Both Ten repetitions for two sets /v v
Both Ten repetitions for two sets  +/

Both Ten repetitions for two sets Vv

Both Ten repetitions for two sets v
Both Ten repetitions for two sets  +/

Both Ten repetitions for two sets Vv

Both Ten repetitions for two sets v v
Both Ten repetitions for two sets Vv

Both Ten repetitions for two sets v v
Both Ten repetitions for two sets Vv
Both Thirty repetitions for two sets Vv

Note: *Resistance: A resistance band was used, providing 4-1b resistance at 100% elongation.

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).2
The inter-rater reliability of MFAC [the intraclass
coefficient (ICC)] was 0.982 (0.971-0.989), with a
kappa coefficient 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.?” 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.?®

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.?” Each item is rated on a five-point
scale (0 = extreme difficulty or unable to perform
activity, 4 = no difficulty); total scores range from
0 to 80, and lower scores represent greater diffi-
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.?” The minimal
clinically important difference (MCID) for the
LEFS is nine points.?? This questionnaire has been
validated in Taiwan-Chinese version.>°

Secondary outcomes
Exercise adherence

Adherence to the prescribed home-based rehabili-
tation program was collected in both groups at the
first month (7)) and second month (73) 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.

Modified caregiver strain index

The original version of the Caregiver Strain Index
(CSI) was developed in 1983. It was designed to
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detect the physical, psychological, social and
financial 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 modified 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 modified version of CSI [i.e. the
Modified Caregiver Strain Index (M-CSI)] achieved
a high internal reliability (v = 0.90).3! 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
Modified Caregiver Strain Index and the results
showed that it achieved a good internal reliability
(a =0.91).%2

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 differences at different assessment occasions.
If there was a significant difference within a group,
a post-hoc paired t-test would be conducted to
evaluate this within-group difference. Additionally,
a two-way repeated measures ANOVA was used to
find out if there was any significant interaction
effect between the two groups across different as-
sessment occasions. If there was a significant effect
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 significance 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 significant 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 differences at
different assessment occasions. If there was a sig-
nificant difference 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 differences. 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 signifi-
cant differences in the baseline characteristics of
participants between the experimental and control
groups.

Primary outcomes

There was a significant increase in MFAC, EMS
and LEFS in both groups from baseline to the
second month, yet no significant difference between
the groups was observed. The experimental group
showed a significant increase in EMS and LEFS
from baseline to the first month, whilst the control
group showed a significant increase in LEFS only
(Table 4). There were no significant differences in
MFAC, EMS and LEFS among both groups at the
first month and second month (Table 5).

Secondary outcomes

The experimental group showed better exercise
adherence than the control group with significant
difference in the first month. Although exercise
adherence in the experimental group was still
higher than the control group in the second month,
there was no significant difference among the two
groups (Table 5). Significant reduction in M-CSI
was observed in both groups from baseline to the
second month, yet no significant difference between
groups was observed (Table 4).
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Table 3. Baseline characteristics of the participants.

Experimental group  Control group p-Value p-Value
Participants’ characteristics (n=19) (n=20) (Mann—Whitney U)  (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) 205 (7.9) 0.496
M-CSI (SD) 6 (6.4) 4.8 (4.7) 0.879

Note: Difference between groups by the Mann—Whitney U-test or Chi-square test.

Table 4. Comparison of outcome measures from baseline to one month and from baseline to two months.

From baseline to one month (7,-7;) Between-group From baseline to two months (7,-7;) Between-group

Exp. (n =19) Con. (n = 20) p-value Exp. (n =19) Con. (n = 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; difference within groups by the post-hoc Wil-
coxon signed-rank test; difference between groups by the Mann—Whitney U-test. *p < 0.05.
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Table 5. Comparison of outcome measures at the baseline, first month and second month post-discharge.
Friedman test
Between- Second Between-
Baseline (1) First month (77) group month (T3) — p-value
Exp. Con. Exp. Con. Exp. Con. Exp. Con.
(n=19) (n=20) (n=19) (n=20) p-value (n=19) (n=20) p-value (n=19) (n=20)
MFAC (1-7) 0.22 0.11  <0.001* 0.001*
Median 6 5 6 6 6 6
(IQR) (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 14 13 15 15 17 17
(IQR) (8.5-15) (10-14) (14-17.5) (14-16) (15.5-19.5) (16-18)
LEFS (0-80) 0.34 043 <0.001* <0.001*
Median 20 20 42 34.5 52 47.5
(IQR) (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 4 3.5 1 0 0 0
(IQR) (0-11.5)  (1-7) (0-5) (0-3) (0-1.5)  (0-1.5)
Adherence (0-100%) 0.03* 0.09
Median (%) 100 75 95 67.5
(IQR) (%) (78.5-100) (54-100) (76.5-100) (50-100)

Note: Exp.: Experimental group; Con.: control group; IQR: interquartile range; difference within groups by the Friedman test;
difference between groups by the Mann—Whitney U-test. *p < 0.05.

Discussion

The aim of this study was to investigate the effi-
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 effective intervention in
improving exercise adherence among elderly pop-
ulation.®* 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-
fidence in performing the home-based exercises
without therapists’ supervision. A study suggested
that there was a positive correlation between self-
efficacy and adherence rate to exercise interven-
tions for hip fracture patients.®* The effect 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 effect of motivational messages was known
to diminish over time.?® 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 significant improvement in the
primary outcomes (MFAC, EMS and LEFS) over
two months, however, there were no additional
benefits 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
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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-efficacy. Furthermore, a fol-
low-up period of two months might also not be
sufficient to observe the effects 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.?* Further studies could be done to inves-
tigate the benefits of the mobile app on physical
performance and self-efficacy over a longer period
of time.

In this study, caregivers from both groups
reported relatively low stress level. It was different
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.!'?6 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 difference in
reducing the stress of these caregivers. Further
studies could be conducted to investigate the effi-
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 identified 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 i0OS 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 affected.
The small sample size reduced the power to detect
differences between the groups. A longer follow-up
period would help understand the long-term effect
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-
efficacy and reduce caregiver stress when compared
to a standard home rehabilitation program for el-
derly patients with hip fracture. Further studies to
investigate the benefits of mobile apps are required.

Conflict of Interest

The authors declare no conflicts of interest relevant
to this work.

Funding/Support

The authors received no financial support for the
research, authorship and/or publication of this

paper.

Author Contributions

Conception and design of the study were carried
out by Kin Ming Ken Lau, Fuk On Titanic Lau,
Mun Cheung Herman Lau and Sheung Wai Law.
Acquisition of data was carried out by Kui Ching
Cheng and Tin Sing Keith Lau. Analysis and in-
terpretation of data were carried out by Kui Ching
Cheng and Andy S. K. Cheng. Drafting of the
manuscript was carried out by Kui Ching Cheng,
Kin Ming Ken Lau, Andy S. K. Cheng and Tin



Effect of mobile app in elderly with hip fracture 109

Sing Keith Lau. Manuscript revision was carried
out by Tin Sing Keith Lau, Fuk On Titanic Lau,
Mun Cheung Herman Lau and Sheung Wai Law.
All authors approved the final manuscript to be
published.

References

1.

10.

11.

12.

Akesson K, Marsh D, Mitchell PJ, McLellan AR,
Stenmark J, Pierroz DD, et al. Capture the
fracture: a best practice framework and global
campaign to break the fragility fracture cycle.
Osteoporos Int 2013;24(8):2135-52.

Johnell O, Kanis J. Epidemiology of osteoporotic
fractures. Osteoporos Int 2005;16(Suppl 2):S3-7.
Gullberg B, Johnell O, Kanis J. World-wide pro-
jections for hip fracture. Osteoporos Int 1997:7
(5):407-13.

Cooper C, Campion G, Melton3rd LJ. Hip frac-
tures in the elderly: A world-wide projection.
Osteoporos Int 1992;2(6):285-9.

Man LP, Ho WH, Wong SH. Excess mortality for
operated geriatric hip fracture in Hong Kong. Hong
Kong Med J 2016;22(1):6-10.

Shumway-Cook A, Ciol MA, Gruber W, Robinson
C. Incidence of and risk factors for falls following
hip fracture in community-dwelling older adults.
Phys Ther 2005;85(7):648-55.

Portegijs E, Edgren J, Salpakoski A, Kallinen M,
Rantanen T, Alen M, et al. Balance confidence was
associated with mobility and balance performance
in older people with fall-related hip fracture: a
cross-sectional study. Arch Phys Med Rehabil
2012;93(12):2340-6.

Magaziner J, Simonsick EM, Kashner TM, Hebel
JR, Kenzora JE. Predictors of functional recovery
one year following hospital discharge for hip frac-
ture: a prospective study. J Gerontol 1990;45(3):
M101-7.

Magaziner J, Hawkes W, Hebel JR, Zimmerman SI,
Fox KM, Dolan M, et al. Recovery from hip
fracture in eight areas of function. J Gerontol
A Biol Sci Med Sci 2000;55(9):M498-507.
Kristensen MT. Factors affecting functional
prognosis of patients with hip fracture. Eur J Phys
Rehabil Med 2011;47(2):257-64.

Ariza-Vega P, Ortiz-Pina M, Kristensen MT,
Castellote-Caballero Y, Jiménez-Moleon JJ. High
perceived caregiver burden for relatives of patients
following hip fracture surgery. Disabil Rehabil
2017;41(3):311-8.

Pisters MF, Veenhof C, de Bakker DH, Schellevis
FG, Dekker J. Behavioural graded activity results in
better exercise adherence and more physical activity
than usual care in people with osteoarthritis: a clus-
ter-randomised trial. J Physiother 2010;56(1): 41-7.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Beinart NA, Goodchild CE, Weinman JA, Ayis S,
Godfrey EL. Individual and intervention-related
factors associated with adherence to home exercise
in chronic low back pain: a systematic review. Spine
J 2013;13(12):1940-50.

Friedrich M, Cermak T, Maderbacher P. The effect
of brochure use versus therapist teaching on
patients performing therapeutic exercise and on
changes in impairment status. Phys Ther 1996;76
(10):1082-8.

Rhodes RE, Martin AD, Taunton JE, Rhodes EC,
Donnelly M, Elliot J. Factors associated with ex-
ercise adherence among older adults: An individual
perspective. Sports Med 1999;28(6):397-411.
Mohammed BMA, Abdelkhalek WSS, Hassanine
ST, Amen AIF, Alghamdi W, Elmetwaly AAM.
Effect of booklet-based education versus mobile-
based education on women’s knowledge and prac-
tices related lymphedema regarding post mastec-
tomy exercise. Egypt J Health Care 2001;12(4):
1474-96.

Goto M, Takedani H, Haga N, Kubota M, Ishiyama
M, Ito S, et al. Self-monitoring has potential for
home exercise programmes in patients with hae-
mophilia. Haemophilia 2014;20(2):e121-7.
Lambert TE, Harvey LA, Avdalis C, Chen LW,
Jeyalingam S, Pratt CA, et al. An app with remote
support achieves better adherence to home exercise
programs than paper handouts in people with
musculoskeletal conditions: a randomised trial. J
Physiother 2017;63(3):161-7.

Cotter AP, Durant N, Agne AA, Cherrington AL.
Internet interventions to support lifestyle modifi-
cation for diabetes management: A systematic re-
view of the evidence. J Diabetes Complications
2014;28(2):243-51.

Hutchesson MJ, Rollo ME, Krukowski R, Ells L,
Harvey J, Morgan PJ, et al. eHealth interventions
for the prevention and treatment of overweight and
obesity in adults: a systematic review with meta-
analysis. Obes Rev 2015;16(5):376-92.

Wildenbos GA, Peute LW, Jaspers MW. A
framework for evaluating mHealth tools for Older
Patients on Usability. Stud Health Technol Inform
2015;210:783-7.

Yeung PY, Wong LL, Chan CC, Leung JL, Yung
CY. A validation study of the Hong Kong version
of Montreal Cognitive Assessment (HK-MoCA) in
Chinese older adults in Hong Kong. Hong Kong
Med J 2014;20(6):504-10.

Orwig DL, Hochberg M, Yu-Yahiro J, Resnick B,
Hawkes WG, Shardell M, et al. Delivery and out-
comes of a yearlong home exercise program after
hip fracture: a randomized controlled trial. Arch
Intern Med 2011;171(4):323-31.

Latham NK, Harris BA, Bean JF, Heeren T,
Goodyear C, Zawacki S, et al. Effect of a home-based



110 K. C. Cheng et al.

25.

26.

27.

28.

29.

30.

exercise program on functional recovery following
rehabilitation after hip fracture: a randomized clinical
trial. JAMA 2014;311(7):700-8.

American College of Sports Medicine. ACSM’s
Guidelines for Exercise Testing and Prescription.
8th ed. Philadelphia, PA: Wolters Kluwer/Lippincott
Williams & Wilkins, 2010.

Chau MWR, Chan SP, Wong YW, Lau MYP.
Reliability and validity of the Modified Functional
Ambulation Classification in patients with hip
fracture. Hong Kong Physiother J 2013;31(1):41-4.
Smith R. Validation and reliability of the Elderly
Mobility Scale. Physiotherapy 1994;80(11):744-7.

Prosser L, Canby A. Further validation of the Elderly
Mobility Scale for measurement of mobility of hospi-
talized elderly people. Clin Rehabil 1997;11(4):338-43.
Binkley JM, Stratford PW, Lott SA, Riddle DL.
The Lower Extremity Functional Scale (LEFS):
scale development, measurement properties, and
clinical application. Phys Ther 1999;79(4):371-83.
Hou WH, Yeh TS, Liang HW. Reliability and va-
lidity of the Taiwan Chinese version of the Lower
Extremity Functional Scale. J Formos Med Assoc
2014;113(5):313-20.

31.

32.

33.

34.

35.

36.

Thornton M, Travis SS. Analysis of the reliability
of the modified caregiver strain index. Gerontol B
Psychol Sci Soc Sci 2003;58(2):5127-32.

Chan WCH, Chan CLF, Suen M. Validation of the
Chinese version of the Modified Caregivers Strain
Index among Hong Kong caregivers: An initiative
of medical social workers. Health Soc Work 2013;38
(4):214-21.

Miller AM, Khoo S, Morris T. Text messaging for
exercise promotion in older adults from an upper-
middle-income country: Randomized controlled
trial. J Med Internet Res 2016;18(1):e5.

Resnick B, D’Adamo C, Shardell M, Orwig D,
Hawkes W, Hebel JR, et al. Adherence to an ex-
ercise intervention among older women post hip
fracture. J Clin Sport Psychol 2008;2(1):41-56.
Figueroa CA, Deliu N, Chakraborty B, Modiri A,
Xu J, Jay Williams J, et al.Daily motivational text
messages to promote physical activity in university
students: Results from a microrandomized trial.
Ann Behav Med. 2022;56(2):212-8.

Lin PC, Lu CM. Hip fracture: family caregivers’
burden and related factors for older people in
Taiwan. J Clin Nurs 2005;14(6):719-26.



	Use of mobile app to enhance functional outcomes and adherence of home-based rehabilitation program for elderly with hip fracture: A randomized controlled trial
	Introduction
	Method
	Study design
	Participants
	Potential risk and preventive measures

	Intervention
	Mobile app development and features

	Outcomes
	Primary outcomes
	Modified functional ambulatory category
	Elderly mobility scale
	Lower extremity functional scale

	Secondary outcomes
	Exercise adherence
	Modified caregiver strain index

	Data analysis

	Results
	Primary outcomes
	Secondary outcomes

	Discussion
	Conclusions
	Conflict of Interest
	Funding/Support
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


