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Abstract 

Background The steep increase in knee arthroplasties in lower- and middle-income countries has increased demand 
for personalised rehabilitation care. Technology-based rehabilitation programs offer potential to replace or aug-
ment conventional face-to-face rehabilitation for providing continuum of care. We aimed to systematically develop 
a theory, evidence-driven, contextualised, and user-centred mobile health platform for people undergoing knee 
arthroplasty to facilitate monitoring progress during rehabilitation.

Methods We followed the UK Medical Research Council’s framework and adopted a behaviour design thinking 
approach, consisting of five steps; (1) conduct multiple literature reviews and cross-sectional surveys to determine 
the needs and problems experienced during the rehabilitation phase by healthcare professionals and individuals 
with replaced knees, (2) identify target behaviours along with barriers and facilitators, integrated within the Capabil-
ity, Opportunity, Motivation-Behaviour (COM-B) framework, (3) identify intervention functions and components, 
behaviour change techniques, and features for the mobile application, selected after discussions with orthopaedic 
surgeons, physiotherapists and behavioural experts, (4) develop a prototype application for end-users, and a web-
based platform for healthcare professionals, and (5) pilot test the intervention for end-users’ feedback on usability 
of the application and to identify possible strategies for implementing the intervention package.

Results Using the COM-B model, education, training, persuasion, enablement, and modelling were chosen as inter-
vention functions for improving adherence to exercise protocol during early-phase of rehabilitation. The applica-
tion featured five interlinked components; education, training, goal setting and self-management, communication, 
and a personalized therapy plan utilising 13 behaviour change techniques. An education booklet, exercise videos, text 
messaging, video consultation, and a digital tool for measuring range of motion were incorporated into the appli-
cation. Feedback on the interactive prototype and education material was sought from ten patient volunteers 
and a physiotherapist. Pilot testing in a convenient sample with broad eligibility criteria (n = 30) indicated importance 
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of digital literacy and dedicated time for remote consultation by healthcare provider within the existing clinical work. 
Overall, the intervention was well received and valued by the end users.

Conclusion This paper demonstrates the development of a contextualised digital behavioural intervention 
grounded in behavioural theory and evidence from literature to improve end-user’s engagement with rehabilitation 
protocols after knee arthroplasty in lower- and middle-income country context.

Trial registration Study registered prospectively (on 16 February 2023) at Clinical Trials Registry of India 
(CTRI/2023/02/049792).

Keywords Telemedicine, Telerehabilitation, Knee arthroplasty, Mobile application, Telemonitoring

Background
In India, more than 0.2  million knee arthroplasties 
were performed in 2020, and with the rising burden 
of osteoarthritis these numbers are only expected to 
increase [1]. Rehabilitation following knee arthro-
plasty is essential to aid early and optimal functional 
recovery [2, 3]. Home-based unsupervised rehabilita-
tion with clinic visits on a need basis is the typical care 
pathway followed in most healthcare facilities in India 
[4]. However, adherence to rehabilitation is poor in the 
area of musculoskeletal health and documented barri-
ers include, lack of supervision [5], self-efficacy [6], and 
self-management skills [7]. Hence, some level of super-
vision either in clinic or at home is required to achieve 
the benefits associated with knee arthroplasty [8]. Our 
previous research in India has demonstrated consider-
able gaps in patients’ understanding about the recovery 
process, lack of mechanism within health systems to 
support patients after discharge, and a significant out-
of-pocket expenditure incurred by patients for avail-
ing physiotherapy services at home [9, 10]. Further, 
crowded tertiary care hospitals, dependency of the 
elderly on family members, and disabled-unfriendly 
transport systems make hospital-based supervised pro-
grams challenging [11, 12]. This emphasizes the need 
for developing a remote monitoring strategy for facili-
tating continuum of care for this patient population.

Widespread use of smartphones and availability of 
the internet have resulted in an exponential increase in 
the development of mHealth interventions to improve 
the reach and effectiveness of healthcare services glob-
ally [13], including in older adults [14] and in India [15]. 
In India, the key challenges in uptake of such interven-
tions were digital literacy, lack of trust, and poor user 
experience [15]. Recently published systematic reviews 
have comprehensively landscaped the digital applica-
tions reported in scientific journals in India [16] and 
their impact on health [17]. They highlighted poor 
methodological quality in the reporting of these inter-
ventions, and only few mHealth interventions evalu-
ated the impact using robust study designs [16–18].

In high-income settings, there is considerable varia-
tion in the mode, intensity, and delivery of rehabilita-
tion and monitoring progress after knee arthroplasty 
[19, 20]. Various home-based rehabilitation strategies 
comprising of home-visits by a physiotherapist or fol-
low-up by telephone calls have been evaluated for effec-
tiveness [21, 22], and were shown to be cost-effective 
[23]. They are also perceived as acceptable compared 
to clinic-based supervision, by both healthcare pro-
viders (HCPs) [24, 25] and patients [26, 27]. A recent 
scoping review highlighted the availability of various 
digital technologies to augment home-based rehabili-
tation [18]. In this scoping review, we found telephone 
calls, mobile apps, and wearable sensors were used for 
remote monitoring while virtual-augmented reality 
and sensor-based devices (for gamification) facilitated 
physical rehabilitation. These technologies also enabled 
therapy planning, communication (one-way or two-
way), provision of education, and remote monitoring. 
Further, use of technology for monitoring and provi-
sion of rehabilitation was shown to be feasible among 
elderly with high end-user satisfaction [18]. However, 
this evidence is based on research solely conducted in 
high- and middle-income countries and there is a lack 
of published research in this domain from lower- and 
middle-income countries (LMICs). Thus, the technolo-
gies used, and the types of interventions evaluated may 
not be directly applicable to LMICs and their socio-cul-
tural contexts. For example, most of the technologies 
had copyright licence or were suitable for integration to 
their local health systems and the educational content 
and text messaging were geared for those living alone 
or in nuclear families. Further, several applications 
required wearables for monitoring physical activity 
which is not yet commonly used in LMICs and many of 
the interventions required the users (patients) to have a 
display monitor or a tablet [18]. Hence, to address the 
gap in continuum of care following knee arthroplasty 
while accounting for local sociocultural and economic 
context, there is a need for evidence and theory-based 
mHealth and digital intervention that are co-designed 
with the needs of end-users front and centre [28, 
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29]. Following these approaches may result in better 
engagement with mHealth programs [30, 31].

The TeleRehabilitation after knee ArThroplasty 
(TReAT) project (CTRI/2023/02/049792) aimed to 
address the gap in post-knee arthroplasty rehabilitation 
care in India. Consistent with Medical Research Coun-
cil recommendations for the development of complex 
interventions ("develop-test-evaluate-implement") [32], 
the TReAT project comprised of three phases; formative, 
pilot, and an evaluation, with an aim to implement in 
large scale, if found effective. The present paper focused 
on the formative and pilot phase (develop and test stage 
of MRC) of the intervention wherein we provide a com-
prehensive description of the development process of 
a theory and evidence-driven digital behaviour change 
intervention and discuss how the findings of the pilot 
testing informed further refinement of the intervention.

Methods
We followed the Behaviour Design Thinking (BDT) 
model that consists of two interlinked components. 
‘Behaviour Design’ refers to diagnosing problems and 
identifying user needs, and ‘design thinking’ refers to 
guide the designers for creating user-centric features 
in the digital application [29]. This was done in several 
stages using the Behaviour Change Wheel [33], and the 
IDEAS (Integrate, Design, Assess and Share) framework 
[34] to ensure engagement with the application leading 
to behaviour change [35]. The development stages we fol-
lowed were (1) empathize, (2) define, (3) ideate, (4) pro-
totype, and (5)  test. Some of the activities in each stage 
were iterative to account for user’s need, behaviour, and 
experiences (Fig. 1). The study protocol was approved by 
the institutional ethics committee. The study was regis-
tered prospectively (on 16 February 2023) at Clinical Tri-
als Registry of India (CTRI/2023/02/049792). Informed 

consent was obtained from the respondents before data 
collection.

Stages in development of the intervention
Empathize
The objective was to understand HCPs and patients’ 
needs and identify context specific challenges during the 
rehabilitation phase. Towards this objective, we concur-
rently conducted three literature reviews and three cross-
sectional surveys at an orthopaedic department within 
a tertiary care hospital in India. The literature reviews 
involved, collation of information on post knee arthro-
plasty rehabilitation challenges as reported by patients 
and HCPs, identify existing rehabilitation guidelines 
after knee arthroplasty, and a scoping review of existing 
mobile and computer-based technologies for delivering 
and monitoring rehabilitation. A trained research physi-
otherapist interviewed physiotherapists and orthopaedic 
surgeons at the hospital. We also approached consecutive 
patients attending the orthopaedic outpatient depart-
ment with severe osteoarthritis advised knee arthroplasty 
or those with recent knee arthroplasty surgery to collect 
information on experiences and challenges they had after 
surgery, adherence to rehabilitation physical therapy, 
health literacy, digital literacy, and home-arrangements 
they did for facilitating recovery. Further, an e-sur-
vey was conducted among practising physiotherapists 
across India using snowball sampling to understand cur-
rent physiotherapy practices for post knee arthroplasty 
rehabilitation.

Each review and survey informed design of the inter-
vention. The literature review of existing physiotherapy 
practice guidelines and the e-survey of physiotherapists 
helped guide the development of our post arthroplasty 
physical rehabilitation protocol. The literature evidence 
and mixed-methods study on challenges and facilita-
tors to rehabilitation that we have reported elsewhere in 

Fig. 1 Behaviour Design Thinking approach for the development of the TReAT digital health behavioural intervention
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detail [10] guided us in defining the target behaviour. The 
patient survey on home environment modification and 
health literacy level guided us to develop the education 
materials. The scoping review of existing mHealth tech-
nologies and patient survey on digital literacy guided us 
to develop the app prototype [18]. Further, our previous 
experiences in this area also helped to conceptualize the 
activities of this stage [9, 36–38]. The detailed methods 
and findings of this formative phase are described in 
Table 1.

Define
We identified five target behaviours based on our lit-
erature review findings namely, setting up a routine to 
perform exercise, following pain reduction plan, reduc-
ing sedentary behaviour, increasing physical activity, 
and avoiding activities that harm recovery. We chose 
the most promising behaviour “adhering to exercises” 
which was relevant for the immediate post-operative 
period and could impact long-term behaviour. We con-
sidered pain management as a sub-behaviour as post-
operative knee pain and adherence to exercises were 
related to each other. We did not choose decrease in time 
spent in sedentary behaviour and increase in physical 
activity as they are relevant in the later stages of recov-
ery. One researcher extracted the finding from the lit-
erature related to rehabilitation challenges and grouped 
the findings using the COM-B framework and two other 
researchers independently verified the categorisation. 
Upon iterative discussions the barriers and facilitators 
were schematically summarised which formed the basis 
for developing tools and topic guides for conducting the 
mixed-methods study (Table  1). The quantitative and 
qualitative findings from patient and HCPs were triangu-
lated to identify behavioural problems and challenges in 
adhering to rehabilitation protocols (Refer to column A 
& B of Table  2). Further details of COM-B exercise are 
reported elsewhere [33].

Ideate
The objective of this stage was to identify intervention 
functions and ideate innovative solutions for enabling 
the target behaviour. From a list of nine defined inter-
vention functions [39] (training, education, persuasion, 
modelling, environmental restructuring, incentivization, 
restriction, enablement, and coercion), we selected edu-
cation, training, persuasion, enablement, and modelling 
using the APEASE (Acceptability, Practicability, Effec-
tiveness, Affordability, Side effects or safety, Equity) cri-
teria [33]. For each of the intervention functions, a set of 
14 salient Behaviour Change Techniques (BCTs) from the 
BCTv1 taxonomy [39] were identified that would act as a 
mechanism of change to bring about desired behaviour 

through a digital interface. To validate this process, a 
workshop was conducted by the research team with a 
behavioural science expert (Refer to column C & D of 
Table 2).

The scoping review [18] conducted at the empathize 
stage, and several mind-mapping sessions conducted by 
the research team with the clinical team helped in iden-
tifying potential features for the app that would deliver 
the intervention components (Refer column E, and F of 
Table 2). In summary, the intervention components that 
emerged were, providing education to patients and fam-
ily members about recovery following knee arthroplasty, 
skill building for performing exercises, self-management 
and goal setting for following rehabilitation protocol, 
enabling remote communication with HCPs, and ena-
bling HCPs to monitor patient progress remotely and 
modify personalised exercise plan.

 A pictorial education booklet of twelve chapters span-
ning from pre-operative to late recovery phase was devel-
oped in English and Hindi (Supplementary file- Fig.  2). 
Feedback from researchers and non-researchers was 
sought using the Suitability Assessment of materials 
tool [40] and the average suitability assessment score 
for the booklet was 94.9%. Qualitative interviews con-
ducted with patients and caregivers demonstrated high 
level of comprehension and relevance of the material to 
those undergoing knee arthroplasty. Exercise videos for 
improving range of motion, lower-limb muscle strength, 
balance, gait, function, and endurance (n = 46 videos) 
were developed in English and Hindi (Supplementary 
file- Fig. 3). Qualitative feedback from patients and car-
egivers visiting the hospital (convenience sampling) indi-
cated the video quality was good and comprehensible. 
We developed short text messages in English and Hindi 
that aimed to orient, motivate, notify, and remind either 
the patients, HCP or family members (Supplementary 
file- Table 3).

Prototype
The objective of this stage was to develop a minimal 
viable product with features that could deliver the 
intervention components. The app (TReAT app) was 
developed on a platform previously used for delivering 
a clinical decision support system [41]; compatible for 
devices running Android 8.0 and above. A multidiscipli-
nary team comprising of HCPs, public health research-
ers, software developers, UI-UX designer and project 
manager was established to facilitate a balance between 
system requirements, such as, designing features for an 
effective intervention aligned with the existing in-hos-
pital clinical workflow and user requirements such as, 
addressing the communication gap between the HCPs 
and patients. The HCPs recommended a mechanism 



Page 5 of 17Pritwani et al. BMC Musculoskeletal Disorders          (2024) 25:890  

Ta
bl

e 
1 

Li
te

ra
tu

re
 re

vi
ew

 a
nd

 p
rim

ar
y 

da
ta

 c
ol

le
ct

io
n 

m
et

ho
do

lo
gi

es
 fo

r t
he

 fo
rm

at
iv

e 
ph

as
e

O
bj

ec
tiv

e
M

et
ho

ds
Fi

nd
in

gs
H

ow
 d

id
 it

 h
el

p?

A 
lit

er
at

ur
e 

re
vi

ew
 to

 u
nd

er
st

an
d 

ch
al

le
ng

es
 fa

ce
d 

by
 p

at
ie

nt
s 

an
d 

he
al

th
ca

re
 p

ro
vi

de
rs

 d
ur

in
g 

po
st

 k
ne

e 
re

pl
ac

em
en

t 
re

ha
bi

lit
at

io
n 

pe
rio

d 
(1

)

Se
ar

ch
ed

 P
ub

M
ed

 a
nd

 C
oc

hr
an

e 
Li

br
ar

y 
us

in
g 

ke
yw

or
ds

 “k
ne

e 
re

pl
ac

em
en

t”,
 “p

hy
si

ca
l r

eh
ab

ili
ta

tio
n”

, “e
xe

rc
is

es
”, “

ch
al

le
ng

es
”, 

“a
dh

er
en

ce
”, “

ba
rr

ie
rs

”, “
fa

ci
lit

at
or

s”,
 “e

xp
er

ie
nc

es
”, a

nd
 “c

ha
lle

ng
es

”
N

 =
 3

6 
re

le
va

nt
 a

rt
ic

le
s

A
rt

ic
le

s 
w

ith
 p

ar
tic

ip
an

ts
’ p

er
ce

pt
io

n 
=

 2
2

A
rt

ic
le

 w
ith

 h
ea

lth
ca

re
 p

ro
vi

de
r’s

 p
er

ce
pt

io
n 

=
 1

4

Pa
rt

ic
ip

an
ts

• N
ee

d 
fo

r p
sy

ch
ol

og
ic

al
 &

 p
hy

si
ca

l s
up

po
rt

 a
ft

er
 d

is
ch

ar
ge

 
fro

m
 h

os
pi

ta
l, 

fro
m

 fa
m

ily
 m

em
be

rs
 &

 h
ea

lth
ca

re
 p

ro
vi

de
rs

• L
ac

k 
of

 m
ot

iv
at

io
n 

in
 in

iti
at

in
g 

ex
er

ci
se

 s
ch

ed
ul

e 
du

e 
to

 p
ai

n
H

ea
lth

ca
re

 p
ro

vi
de

rs
• D

el
ay

 in
 re

tu
rn

in
g 

to
 ro

ut
in

e 
ac

tiv
iti

es
 d

ue
 to

 la
ck

 o
f p

er
i-

od
ic

 m
on

ito
rin

g

Id
en

tifi
ca

tio
n 

of
 ta

rg
et

 b
eh

av
io

ur
s 

al
on

g 
w

ith
 th

e 
ba

rr
ie

rs
 &

 fa
ci

lit
at

or
s 

in
 fo

llo
w

-
in

g 
th

e 
ta

rg
et

 b
eh

av
io

ur
D

es
ig

ni
ng

 d
at

a 
co

lle
ct

io
n 

to
ol

s 
fo

r m
ix

ed
-m

et
h-

od
s 

cr
os

s-
se

ct
io

na
l s

ur
ve

y

A 
m

ix
ed

-m
et

ho
ds

 c
ro

ss
-s

ec
tio

na
l s

ur
ve

y 
to

 id
en

tif
y 

ch
al

le
ng

es
 

in
 a

dh
er

in
g 

to
 re

ha
bi

lit
at

io
n 

pr
ot

oc
ol

s a
ft

er
 k

ne
e 

re
pl

ac
em

en
t

In
fo

rm
at

io
n 

ca
pt

ur
ed

-
• S

pe
ci

fic
 c

ha
lle

ng
es

 p
at

ie
nt

s 
an

d 
he

al
th

ca
re

 p
ro

vi
de

rs
 fa

ce
d 

du
rin

g 
th

e 
re

co
ve

ry
 p

er
io

d 
an

d 
pe

rc
ep

tio
n 

ab
ou

t t
el

ec
on

su
lta

-
tio

n 
fo

r r
eh

ab
ili

ta
tio

n 
su

pp
or

t (
in

te
rv

ie
w

 o
f h

ea
lth

ca
re

 p
ro

vi
de

rs
)

• A
 2

2-
ite

m
 q

ue
st

io
nn

ai
re

 to
 id

en
tif

y 
fa

ct
or

s 
re

la
te

d 
to

 re
ha

bi
lit

a-
tio

n 
ad

he
re

nc
e 

(k
ne

e 
pa

in
, s

up
po

rt
 fr

om
 fa

m
ily

, f
oc

us
 o

n 
re

co
v-

er
y,

 a
nd

 s
ch

ed
ul

in
g 

of
 e

xe
rc

is
es

)
Q

ua
nt

ita
tiv

e 
in

te
rv

ie
w

s 
w

ith
 p

at
ie

nt
s =

 7
9,

 c
on

se
cu

tiv
e 

sa
m

pl
in

g
Q

ua
lit

at
iv

e 
in

te
rv

ie
w

s 
w

ith
 p

at
ie

nt
s =

 8
, c

on
ve

ni
en

ce
 s

am
pl

in
g

Su
rg

eo
ns

 &
 p

hy
si

ot
he

ra
pi

st
s =

 1
0

• M
al

e:
 3

1 
an

d 
Fe

m
al

e:
 4

8
• F

ac
ili

ta
to

rs
- i

nt
ak

e 
of

 p
ai

n 
m

ed
ic

at
io

ns
 fo

r p
ai

n 
re

lie
f 

an
d 

su
pp

or
t f

ro
m

 fa
m

ily
 m

em
be

rs
 d

ur
in

g 
re

co
ve

ry
 p

ha
se

• B
ar

rie
rs

- m
is

si
ng

 e
xe

rc
is

es
 w

ith
ou

t a
ny

 re
as

on
, u

na
w

ar
e 

of
 th

e 
im

po
rt

an
ce

 o
f e

xe
rc

is
es

, a
nd

 d
iffi

cu
lty

 in
 c

om
m

ut
in

g 
to

 h
ea

lth
 c

en
tr

e 
(1

)

Co
nt

ex
tu

al
 in

fo
rm

at
io

n 
on

 th
e 

id
en

tifi
ed

 ta
rg

et
 

be
ha

vi
ou

r t
ha

t c
an

 b
e 

ad
dr

es
se

d

A 
sy

st
em

at
ic

 li
te

ra
tu

re
 se

ar
ch

 o
n 

po
st

-a
cu

te
 k

ne
e 

re
pl

ac
em

en
t 

ph
ys

ic
al

 th
er

ap
y

Se
ar

ch
ed

 s
ys

te
m

at
ic

 re
vi

ew
s 

on
 E

pi
st

em
on

ik
os

 (2
) a

nd
 P

ub
-

M
ed

 o
n 

8t
h 

O
ct

ob
er

, 2
02

1 
w

ith
 k

ey
 w

or
ds

 “K
ne

e 
re

pl
ac

em
en

t”,
 

“K
ne

e 
ar

th
ro

pl
as

ty
”, “

Re
ha

bi
lit

at
io

n”
, “

Ph
ys

ic
al

 th
er

ap
y”

, “
Ex

er
ci

se
”, 

an
d 

“P
hy

si
ot

he
ra

py
”

Id
en

tifi
ed

 3
6 

re
le

va
nt

 a
rt

ic
le

s

C
lin

ic
al

 p
ra

ct
ic

e 
gu

id
el

in
es

 (n
 =

 3
) (

3,
 4

, 5
), 

Sy
st

em
at

ic
 

re
vi

ew
s 

of
 R

C
Ts

 re
po

rt
in

g 
ev

id
en

ce
 fo

r v
ar

io
us

 p
hy

si
-

ot
he

ra
py

 m
od

al
iti

es
 (n

 =
 2

8)
 a

nd
 S

ys
te

m
at

ic
 re

vi
ew

s 
of

 R
C

Ts
 

re
po

rt
in

g 
ev

id
en

ce
 fo

r v
ar

io
us

 th
er

ap
y 

pl
an

s 
an

d 
m

on
ito

r-
in

g 
m

ec
ha

ni
sm

s 
(n

 =
 3

0)
• C

ry
ot

he
ra

py
 b

en
efi

ci
al

 in
 p

os
t-

su
rg

ic
al

 p
ai

n 
re

du
ct

io
n 

(6
)

• C
PM

 (7
), 

N
M

ES
 (8

), 
an

d 
TE

N
S 

(9
) l

itt
le

 o
r n

o 
eff

ec
t o

n 
pa

in
 

an
d 

fu
nc

tio
n 

at
 th

re
e 

m
on

th
s 

po
st

-s
ur

ge
ry

• C
PM

 n
ot

 b
en

efi
ci

al
 in

 im
pr

ov
in

g 
RO

M
 o

f k
ne

e 
jo

in
t (

7)
 

w
he

re
as

 c
lo

se
d 

an
d 

op
en

 k
in

et
ic

 p
ro

gr
es

si
ve

 re
si

st
ed

 e
xe

r-
ci

se
s 

im
pr

ov
ed

 R
O

M
 a

s 
w

el
l a

s 
m

us
cl

e 
st

re
ng

th
 o

f k
ne

e
• I

nc
or

po
ra

tin
g 

ba
la

nc
e 

tr
ai

ni
ng

 e
xe

rc
is

es
 e

ar
ly

 re
co

ve
ry

 
ph

as
e 

to
 im

pr
ov

e 
ba

la
nc

e,
 g

ai
t, 

an
d 

fu
nc

tio
n 

(1
0)

• M
on

ito
rin

g 
an

d 
in

di
vi

du
al

iz
ed

 th
er

ap
y 

pl
an

 fo
r b

et
te

r 
pa

tie
nt

 s
at

is
fa

ct
io

n 
w

he
n 

co
m

pa
re

d 
to

 n
o 

m
on

ito
rin

g 
(1

1)
• N

o 
si

gn
ifi

ca
nt

 e
ffe

ct
 o

f t
yp

e 
of

 th
er

ap
y 

(e
.g

., 
aq

ua
tic

 
th

er
ap

y,
 e

rg
om

et
er

 c
yc

lin
g)

 o
n 

sh
or

t-
 o

r l
on

g-
te

rm
 fu

nc
-

tio
na

l o
ut

co
m

es
 (1

2)
• T

el
er

eh
ab

ili
ta

tio
n 

eq
ua

lly
 e

ffe
ct

iv
e 

in
 re

du
ci

ng
 p

ai
n 

an
d 

im
pr

ov
in

g 
fu

nc
tio

n 
(1

3)
 c

om
pa

re
d 

to
 fa

ce
-t

o-
fa

ce
• T

el
er

eh
ab

ili
ta

tio
n:

 S
ig

ni
fic

an
t i

m
pr

ov
em

en
t i

n 
qu

al
ity

 
of

 li
fe

, p
at

ie
nt

 s
at

is
fa

ct
io

n,
 a

nd
 s

ig
ni

fic
an

t d
ec

re
as

e 
in

 to
ta

l 
re

ha
bi

lit
at

io
n 

co
st

D
ev

el
op

in
g 

po
st

 k
ne

e 
re

pl
ac

em
en

t p
hy

si
ca

l 
re

ha
bi

lit
at

io
n 

pr
ot

oc
ol

An
 e

-s
ur

ve
y 

to
 u

nd
er

st
an

d 
cu

rr
en

t p
hy

si
ot

he
ra

py
 p

ra
ct

ic
es

 
po

st
 k

ne
e 

re
pl

ac
em

en
t

D
es

ig
n-

 C
ro

ss
-s

ec
tio

na
l

Se
tt

in
g-

 O
nl

in
e

Sa
m

pl
e-

 P
ra

ct
is

in
g 

ph
ys

io
th

er
ap

is
ts

 a
cr

os
s 

In
di

a,
 s

no
w

ba
ll 

sa
m

pl
in

g
In

fo
rm

at
io

n 
ca

pt
ur

ed
- U

si
ng

 s
tu

dy
 s

pe
ci

fic
 q

ue
st

io
nn

ai
re

 
on

 th
er

ap
eu

tic
 m

od
al

iti
es

, t
yp

e 
of

 e
xe

rc
is

es
, m

os
t c

om
m

on
 to

ol
s 

pr
es

cr
ib

ed
 to

 p
at

ie
nt

s 
af

te
r k

ne
e 

re
pl

ac
em

en
t, 

cl
in

ic
al

 p
ar

am
-

et
er

s 
op

t a
s 

pr
og

re
ss

io
n 

cr
ite

ria
, p

er
ce

pt
io

n 
on

 im
po

rt
an

ce
 

of
 p

re
ha

bi
lit

at
io

n 
an

d 
pr

eo
pe

ra
tiv

e 
ed

uc
at

io
n 

fo
r p

os
t k

ne
e 

re
pl

ac
em

en
t r

eh
ab

ili
ta

tio
n 

(S
up

pl
em

en
ta

ry
 fi

le
- T

ab
le

 1
)

To
ta

l r
es

po
ns

es
- 1

58
Co

m
pl

et
e 

re
sp

on
se

s-
 1

03

• M
os

t u
se

d 
m

od
al

ity
 fo

r p
ai

n 
re

lie
f- 

C
ry

ot
he

ra
py

 (4
8%

) 
an

d 
us

e 
of

 N
EM

S 
(1

7%
)

• A
nk

le
, a

nd
 h

ip
 e

xe
rc

is
es

 (8
5.

3%
 a

nd
 8

7.
6%

 re
sp

ec
tiv

el
y)

 
in

cl
ud

ed
 in

 th
e 

th
er

ap
y 

pr
ot

oc
ol

 a
lo

ng
 w

ith
 k

ne
e 

ex
er

ci
se

s
• O

pe
n 

Ki
ne

tic
 c

ha
in

, C
lo

se
d 

ki
ne

tic
 C

ha
in

 a
nd

 c
om

bi
ne

d 
ad

vi
se

d 
“a

lw
ay

s” 
by

 4
2-

56
%

 o
f r

es
po

nd
en

ts
• F

un
ct

io
na

l e
xe

rc
is

es
 “a

lw
ay

s 
ad

vi
se

d”
- w

al
ki

ng
 o

ut
do

or
s 

(7
3%

), 
st

ai
r c

lim
bi

ng
 (6

5%
) &

 s
it-

to
-s

ta
nd

 e
xe

rc
is

e 
(6

0%
)

• M
os

t o
pt

ed
 c

lin
ic

al
 p

ar
am

et
er

s 
to

 m
on

ito
r p

ro
gr

es
s-

 R
O

M
 

(9
9%

) a
nd

 m
us

cl
e 

st
re

ng
th

 (9
8%

)
• P

re
-s

ur
ge

ry
 e

du
ca

tio
n 

ad
vo

ca
te

d 
by

 a
ll 

pa
rt

ic
ip

an
ts

. 
Pr

op
os

ed
 to

pi
cs

 fo
r e

du
ca

tio
n 

lis
te

d 
in

 (S
up

pl
em

en
ta

ry
 

fil
e-

 T
ab

le
 2

)
• 1

2 
to

 2
5 

co
nt

ac
t s

es
si

on
s 

be
tw

ee
n 

ph
ys

io
th

er
ap

is
ts

 &
 

pa
tie

nt
s 

af
te

r fi
rs

t m
on

th
 o

f s
ur

ge
ry

• P
re

fe
rr

ed
 m

od
e-

 F
ac

e-
to

-fa
ce

 fo
llo

w
ed

 b
y 

te
le

co
ns

ul
ta

-
tio

n 
(3

3%
)

D
efi

ni
ng

 p
hy

si
ot

he
ra

py
 p

ro
to

co
ls

 b
as

ed
 o

n 
cu

r-
re

nt
 p

ra
ct

ic
e 

pa
tt

er
ns



Page 6 of 17Pritwani et al. BMC Musculoskeletal Disorders          (2024) 25:890 

Ta
bl

e 
1 

(c
on

tin
ue

d)

O
bj

ec
tiv

e
M

et
ho

ds
Fi

nd
in

gs
H

ow
 d

id
 it

 h
el

p?

A 
su

rv
ey

 to
 a

ss
es

s l
ev

el
 o

f d
ig

ita
l l

ite
ra

cy
 a

nd
 h

om
e 

en
vi

ro
n-

m
en

t m
od

ifi
ca

tio
ns

 o
f p

at
ie

nt
s w

ith
 k

ne
e 

re
pl

ac
em

en
t

In
fo

rm
at

io
n 

ca
pt

ur
ed

- U
si

ng
 s

tu
dy

 s
pe

ci
fic

 q
ue

st
io

nn
ai

re
 

on
 d

ig
ita

l l
ite

ra
cy

, h
om

e 
en

vi
ro

nm
en

t, 
an

d 
ex

pe
ct

ed
 s

up
po

rt
 

du
rin

g 
re

co
ve

ry
 p

ha
se

56
 p

ar
tic

ip
an

ts
, c

on
se

cu
tiv

e 
sa

m
pl

in
g

• F
ift

y-
si

x 
pa

rt
ic

ip
an

ts
 (M

al
e:

 1
7 

an
d 

Fe
m

al
e:

 3
9)

• 3
/4

th
 o

w
ne

d 
a 

pe
rs

on
al

 s
m

ar
t p

ho
ne

• F
un

ct
io

ns
 u

se
d 

“d
ai

ly
” w

ith
 fu

ll 
co

nfi
de

nc
e-

 A
ud

io
 c

al
lin

g 
(8

6%
) a

nd
 e

nt
er

ta
in

m
en

t (
48

%
)

• F
un

ct
io

ns
 ra

re
ly

 u
se

d 
w

ith
 n

o 
co

nfi
de

nc
e-

 E
-B

an
ki

ng
, 

em
ai

l a
nd

 e
-s

ho
pp

in
g 

fu
nc

tio
ns

 (S
up

pl
em

en
ta

ry
 fi

le
-F

ig
. 1

)
• H

om
e 

en
vi

ro
nm

en
t-

 w
es

te
rn

 s
ty

le
 to

ile
t w

ith
in

 th
ei

r 
ho

m
es

 (1
00

%
), 

ra
ili

ng
s 

pr
es

en
t i

ns
id

e 
ho

us
e 

(1
2%

) 
an

d 
in

 b
at

hr
oo

m
 (1

4%
).

• P
riv

at
e 

ph
ys

io
th

er
ap

is
ts

 s
up

po
rt

 e
ith

er
 a

t c
lin

ic
 o

r h
om

e 
(4

2%
) d

ue
 to

 in
ab

ili
ty

 to
 re

ca
ll 

ex
er

ci
se

s 
an

d 
ne

ed
 fo

r p
hy

si
-

ca
l s

up
po

rt
 d

ur
in

g 
ex

er
ci

se
s

D
ig

ita
l l

ite
ra

cy
 –

 E
ns

ur
e 

ea
se

 o
f a

pp
 in

te
rf

ac
e 

an
d 

ch
oi

ce
 o

f p
at

ie
nt

s 
w

ho
 c

an
 e

nr
ol

 
in

to
 th

e 
pr

og
ra

m
, A

pp
 m

an
ua

l
H

om
e 

m
od

ifi
ca

tio
ns

 –
 D

ev
el

op
in

g 
th

e 
co

nt
en

ts
 

of
 e

du
ca

tio
n 

m
at

er
ia

ls

A 
su

rv
ey

 to
 a

ss
es

s h
ea

lth
 li

te
ra

cy
 o

f p
at

ie
nt

s w
ith

 k
ne

e 
re

pl
ac

e-
m

en
t

In
fo

rm
at

io
n 

ca
pt

ur
ed

- U
si

ng
 H

ea
lth

 li
te

ra
cy

 q
ue

st
io

nn
ai

re
 

on
 n

in
e 

do
m

ai
ns

 o
f h

ea
lth

 li
te

ra
cy

Th
e 

sc
or

e 
of

 e
ac

h 
of

 th
e 

ni
ne

 d
om

ai
ns

 ra
ng

ed
 b

et
w

ee
n 

1–
4 

an
d 

1–
5

10
4 

pa
rt

ic
ip

an
ts

, c
on

se
cu

tiv
e 

sa
m

pl
in

g

• 1
04

 p
ar

tic
ip

an
ts

 (M
al

e:
 3

2 
an

d 
Fe

m
al

e:
 7

2)
• H

ig
he

st
 s

co
re

- A
bi

lit
y 

to
 a

ct
iv

el
y 

en
ga

ge
 w

ith
 h

ea
lth

 c
ar

e 
pr

ov
id

er
s 

[m
ea

n 
4.

0 
(S

D
 0

.7
)]

• L
ow

es
t s

co
re

s-
 s

uffi
ci

en
t i

nf
or

m
at

io
n 

to
 m

an
ag

e 
th

ei
r 

he
al

th
 [m

ea
n 

2.
1(

SD
 0

.7
)] 

an
d 

ab
le

 to
 a

pp
ra

is
e 

av
ai

la
bl

e 
he

al
th

 in
fo

rm
at

io
n 

[m
ea

n 
2.

5(
SD

 0
.7

)(S
up

pl
em

en
ta

ry
 fi

le
 

1:
 F

ig
. 1

)

D
ev

el
op

in
g 

th
e 

co
nt

en
ts

 o
f e

du
ca

tio
n 

m
at

er
ia

ls

A 
sc

op
in

g 
re

vi
ew

 to
 id

en
tif

y 
fe

at
ur

es
 o

f e
xi

st
in

g 
te

ch
no

lo
gi

es
 

an
d 

to
 u

nd
er

st
an

d 
th

e 
pe

rc
ep

tio
n 

of
 u

se
rs

 a
bo

ut
 th

e 
te

ch
no

l-
og

y 
fo

r r
eh

ab
ili

ta
tio

n 
m

on
ito

rin
g 

po
st

-k
ne

e 
re

pl
ac

em
en

t (
14

)

Se
ar

ch
ed

 E
M

BA
SE

, M
ed

lin
e 

an
d 

Ps
yc

IN
FO

 v
ia

 O
VI

D
 

an
d 

Co
ch

ra
ne

 tr
ia

l f
or

 th
e 

st
ud

ie
s 

pu
bl

is
he

d 
be

tw
ee

n 
20

01
–

20
21

, r
ep

or
tin

g 
us

e 
of

 m
ob

ile
 a

pp
lic

at
io

n 
or

 a
ny

 o
th

er
 te

ch
no

l-
og

y 
fo

r m
on

ito
rin

g 
re

ha
bi

lit
at

io
n.

Se
ar

ch
 k

ey
 te

rm
s-

 “K
ne

e 
ar

th
ro

pl
as

ty
” “

Kn
ee

 re
pl

ac
em

en
t”,

 
“m

ob
ile

”, “
w

eb
”, “

re
m

ot
e 

se
ns

or
”, “

co
m

pu
te

r”,
 “t

el
er

eh
ab

ili
ta

tio
n”

, 
“m

-h
ea

lth
” “

m
ob

ile
 a

pp
lic

at
io

ns
”, “

di
gi

ta
l t

ec
hn

ol
og

y”
 a

nd
 “v

id
e-

oc
on

fe
re

nc
in

g”
.

Li
te

ra
tu

re
 s

ea
rc

h 
an

d 
sc

re
en

in
g 

al
on

g 
w

ith
 th

e 
re

fe
re

nc
e 

lis
t 

of
 e

lig
ib

le
 a

rt
ic

le
s: 

Ra
yy

an
Pr

ot
oc

ol
 o

f t
he

 re
vi

ew
: h

tt
ps

://
 do

i. o
rg

/ 1
0.

 17
60

5/
 os

f. i
o/

 sr
xk

c
10

5 
re

le
va

nt
 a

rt
ic

le
s

U
se

 o
f t

el
er

eh
ab

ili
ta

tio
n 

m
et

ho
ds

: 6
4 

st
ud

ie
s,

Va
lid

at
io

n 
st

ud
ie

s 
of

 s
en

so
rs

 fo
r m

ea
su

rin
g 

ra
ng

e 
of

 m
ot

io
n 

(R
O

M
) o

r g
ai

t p
ar

am
et

er
s: 

28
 s

tu
di

es
U

se
r p

er
ce

pt
io

n:
 3

8 
st

ud
ie

s.
• P

rim
ar

y 
fu

nc
tio

ns
 o

f r
em

ot
e 

re
ha

bi
lit

at
io

n:
 e

du
ca

tio
n 

an
d 

en
ab

le
m

en
t o

f p
er

fo
rm

in
g 

ex
er

ci
se

s, 
go

al
 s

et
tin

g,
 

m
ea

su
rin

g 
ou

tc
om

es
 s

uc
h 

as
 k

ne
e 

fu
nc

tio
n,

 p
ai

n 
an

d 
RO

M
, 

m
on

ito
rin

g 
pr

og
re

ss
, a

nd
 c

om
m

un
ic

at
io

n
• E

nd
-u

se
r i

nv
ol

ve
m

en
t d

ur
in

g 
th

e 
de

ve
lo

pm
en

t s
ta

ge
 

of
 th

e 
in

te
rv

en
tio

n:
 4

 s
tu

di
es

 (1
5,

 1
6,

 1
7,

 1
8)

• H
ig

h 
le

ve
ls

 o
f s

at
is

fa
ct

io
n 

re
po

rt
ed

 b
y 

he
al

th
ca

re
 p

ro
vi

d-
er

s 
in

 u
se

 o
f t

ec
hn

ol
og

y.
 R

ea
so

n-
 re

du
ct

io
n 

in
 w

or
kl

oa
d,

 
re

lia
bi

lit
y 

of
 m

ea
su

re
m

en
ts

 a
id

ed
 b

y 
te

ch
no

lo
gy

, a
nd

 e
as

e 
of

 re
po

rt
in

g 
an

d 
tr

ac
ki

ng
 p

at
ie

nt
 d

at
a 

(1
9,

 2
0,

 2
1)

• P
at

ie
nt

s 
sa

tis
fa

ct
io

n 
w

ith
 te

le
-m

on
ito

rin
g-

 im
pr

ov
e 

ac
ce

ss
 

to
 s

er
vi

ce
s, 

co
nt

in
ue

d 
su

pp
or

t a
ft

er
 d

is
ch

ar
ge

 fr
om

 h
os

pi
ta

l 
w

ith
ou

t c
lin

ic
 v

is
its

, s
el

f-m
an

ag
em

en
t &

 p
er

so
na

liz
ed

 c
ar

e 
by

 p
ro

vi
de

rs
 (1

9,
 2

2,
 2

3,
 2

4,
 2

5,
 2

6,
 2

7,
 2

8,
 2

9,
 3

0,
 3

1)
• P

at
ie

nt
s 

di
ss

at
is

fa
ct

io
n-

 la
ck

 o
f i

n-
pe

rs
on

 e
xa

m
in

at
io

n,
 

an
d 

sh
or

te
r c

on
su

lta
tio

n 
tim

e 
(1

9,
 2

7,
 3

1)
• T

ec
hn

ol
og

y 
us

e 
gr

ea
tly

 in
flu

en
ce

d 
by

 c
om

pu
te

r l
ite

ra
cy

 
(2

3,
 3

2)
• N

on
e 

of
 th

e 
te

ch
no

lo
gi

es
 d

es
ig

ne
d 

an
d 

im
pl

em
en

te
d 

in
 lo

w
er

-m
id

dl
e 

in
co

m
e 

co
un

tr
ie

s

Id
en

tifi
ca

tio
n 

of
 fe

at
ur

es
 a

nd
 fu

nc
tio

ns
 o

f m
ob

ile
 

ap
p

En
d-

us
er

 re
qu

ire
m

en
ts

La
ck

 o
f e

vi
de

nc
e 

fro
m

 lo
w

er
-m

id
dl

e 
in

co
m

e 
co

un
tr

ie
s 

co
nt

ex
t

1.
 P

rit
w

an
i S

, P
an

de
y 

S,
 S

hr
iv

as
ta

va
 P

, K
um

ar
 A

, M
al

ho
tr

a 
R,

 M
ad

di
so

n 
R,

 e
t a

l. 
Ch

al
le

ng
es

 in
 re

ha
bi

lit
at

io
n 

an
d 

co
nt

in
uu

m
 o

f c
ar

e 
pr

ov
is

io
n 

af
te

r k
ne

e 
re

pl
ac

em
en

t: 
a 

m
ix

ed
-m

et
ho

ds
 s

tu
dy

 fr
om

 a
 lo

w
- a

nd
 m

id
dl

e-
in

co
m

e 
co

un
tr

y.
 D

is
ab

il 
Re

ha
bi

l. 
20

23
:1

–1
1

2.
 E

pi
st

em
on

ik
os

: A
 c

ol
la

bo
ra

tiv
e,

 m
ul

til
in

gu
al

 d
at

ab
as

e 
of

 h
ea

lth
 e

vi
de

nc
e.

 h
tt

ps
://

 w
w

w
. e

pi
st

 em
on

i k
os

. o
rg

/

3.
 Je

tt
e 

D
U

, H
un

te
r S

J, 
Bu

rk
et

t L
, L

an
gh

am
 B

, L
og

er
st

ed
t D

S,
 P

iu
zz

i N
S,

 e
t a

l. 
Ph

ys
ic

al
 th

er
ap

is
t m

an
ag

em
en

t o
f t

ot
al

 k
ne

e 
ar

th
ro

pl
as

ty
. P

hy
si

ca
l T

he
ra

py
. 2

02
0;

10
0 

(9
):1

60
3-

31

4.
 W

hi
te

 N
T,

 D
el

itt
o 

A
, M

an
al

 T
J, 

M
ill

er
 S

. T
he

 A
m

er
ic

an
 P

hy
si

ca
l T

he
ra

py
 A

ss
oc

ia
tio

n’
s 

to
p 

fiv
e 

ch
oo

si
ng

 w
is

el
y 

re
co

m
m

en
da

tio
ns

. P
hy

s T
he

r. 
20

15
;9

5 
(1

):9
–2

4

5.
 W

es
tb

y 
M

D
, B

rit
ta

in
 A

, B
ac

km
an

 C
L.

 E
xp

er
t c

on
se

ns
us

 o
n 

be
st

 p
ra

ct
ic

es
 fo

r p
os

t-
ac

ut
e 

re
ha

bi
lit

at
io

n 
af

te
r t

ot
al

 h
ip

 a
nd

 k
ne

e 
ar

th
ro

pl
as

ty
: a

 C
an

ad
a 

an
d 

U
ni

te
d 

St
at

es
 D

el
ph

i s
tu

dy
. A

rt
hr

iti
s 

Ca
re

 R
es

 (H
ob

ok
en

). 
20

14
;6

6 
(3

):4
11

 −
 2

3

6.
 N

i S
H

, J
ia

ng
 W

T,
 G

uo
 L

, J
in

 Y
H

, J
ia

ng
 T

L,
 Z

ha
o 

Y,
 e

t a
l. 

Cr
yo

th
er

ap
y 

on
 p

os
to

pe
ra

tiv
e 

re
ha

bi
lit

at
io

n 
of

 jo
in

t a
rt

hr
op

la
st

y.
 K

ne
e 

Su
rg

 S
po

rt
s T

ra
um

at
ol

 A
rt

hr
os

c.
 2

01
5;

23
 (1

1)
:3

35
4-

61

7.
 D

áv
ila

 C
as

tr
od

ad
 IM

, R
ec

ai
 T

M
, A

br
ah

am
 M

M
, E

tc
he

so
n 

JI
, M

oh
am

ed
 N

S,
 E

da
la

tp
ou

r A
, e

t a
l. 

Re
ha

bi
lit

at
io

n 
pr

ot
oc

ol
s 

fo
llo

w
in

g 
to

ta
l k

ne
e 

ar
th

ro
pl

as
ty

: a
 re

vi
ew

 o
f s

tu
dy

 d
es

ig
ns

 a
nd

 o
ut

co
m

e 
m

ea
su

re
s. 

A
nn

 T
ra

ns
l M

ed
. 

20
19

;7
(S

up
pl

 7
):S

25
5

https://doi.org/10.17605/osf.io/srxkc
https://www.epistemonikos.org/


Page 7 of 17Pritwani et al. BMC Musculoskeletal Disorders          (2024) 25:890  

8.
 V

ol
pa

to
 H

B,
 S

ze
go

 P
, L

en
za

 M
, M

ila
n 

SL
, T

al
er

m
an

 C
, F

er
re

tt
i M

. F
em

or
al

 q
ua

dr
ic

ep
s 

ne
ur

om
us

cu
la

r e
le

ct
ric

al
 s

tim
ul

at
io

n 
af

te
r t

ot
al

 k
ne

e 
ar

th
ro

pl
as

ty
: a

 s
ys

te
m

at
ic

 re
vi

ew
. E

in
st

ei
n 

(S
ao

 P
au

lo
). 

20
16

;1
4 

(1
):7

7–
98

9.
 Z

hu
 Y

, F
en

g 
Y,

 P
en

g 
L.

 E
ffe

ct
 o

f t
ra

ns
cu

ta
ne

ou
s 

el
ec

tr
ic

al
 n

er
ve

 s
tim

ul
at

io
n 

fo
r p

ai
n 

co
nt

ro
l a

ft
er

 to
ta

l k
ne

e 
ar

th
ro

pl
as

ty
: A

 s
ys

te
m

at
ic

 re
vi

ew
 a

nd
 m

et
a-

an
al

ys
is

. J
 R

eh
ab

il 
M

ed
. 2

01
7;

49
 (9

):7
00

-4

10
. Z

ha
ng

 W
-c

, X
ia

o 
D

. E
ffi

ca
cy

 o
f p

ro
pr

io
ce

pt
iv

e 
tr

ai
ni

ng
 o

n 
th

e 
re

co
ve

ry
 o

f t
ot

al
 jo

in
t a

rt
hr

op
la

st
y 

pa
tie

nt
s:

 a
 m

et
a-

an
al

ys
is

. J
ou

rn
al

 o
f O

rt
ho

pa
ed

ic
 S

ur
ge

ry
 a

nd
 R

es
ea

rc
h.

 2
02

0;
15

 (1
):5

05

11
. B

la
sc

o 
J, 

Ig
ua

l-C
am

ac
ho

 C
, B

la
sc

o 
M

, A
nt

ón
-A

nt
ón

 V
, O

rt
iz

-L
lu

ec
a 

L,
 R

oi
g-

Ca
sa

sú
s 

S.
 T

he
 e

ffi
ca

cy
 o

f v
irt

ua
l r

ea
lit

y 
to

ol
s 

fo
r t

ot
al

 k
ne

e 
re

pl
ac

em
en

t r
eh

ab
ili

ta
tio

n:
 A

 s
ys

te
m

at
ic

 re
vi

ew
. P

hy
si

ot
he

r T
he

or
y 

Pr
ac

t. 
20

21
;3

7 
(6

):6
82

 −
 9

2

12
. B

lo
m

 A
W

, A
rt

z 
N

, B
es

w
ic

k 
A

D
, B

ur
st

on
 A

, D
ie

pp
e 

P, 
El

ve
rs

 K
T,

 e
t a

l. 
Pr

og
ra

m
m

e 
G

ra
nt

s 
fo

r A
pp

lie
d 

Re
se

ar
ch

. I
m

pr
ov

in
g 

pa
tie

nt
s’ 

ex
pe

rie
nc

e 
an

d 
ou

tc
om

e 
of

 to
ta

l j
oi

nt
 re

pl
ac

em
en

t: 
th

e 
RE

ST
O

RE
 p

ro
gr

am
m

e.
 

So
ut

ha
m

pt
on

 (U
K)

: N
IH

R 
Jo

ur
na

ls
 L

ib
ra

ry
 C

op
yr

ig
ht

 ©
 Q

ue
en

’s 
Pr

in
te

r a
nd

 C
on

tr
ol

le
r o

f H
M

SO
. ;

 2
01

6

13
. S

er
on

 P
, O

liv
er

os
 M

-J
, F

ue
nt

es
-A

sp
e 

R,
 G

ut
ie

rr
ez

-A
ria

s 
R,

 To
rr

es
-C

as
tr

o 
RC

, M
er

in
o-

O
so

rio
 C

, e
t a

l. 
Eff

ec
tiv

en
es

s 
of

 Te
le

re
ha

bi
lit

at
io

n 
in

 P
hy

si
ca

l T
he

ra
py

: A
 R

ap
id

 O
ve

rv
ie

w
. P

hy
si

ca
l t

he
ra

py
. 2

02
1;

10
1 

(6
)

14
. P

rit
w

an
i S

, S
hr

iv
as

ta
va

 P
, P

an
de

y 
S,

 K
um

ar
 A

, M
al

ho
tr

a 
R,

 M
ad

di
so

n 
R,

 e
t a

l. 
M

ob
ile

 a
nd

 C
om

pu
te

r-
Ba

se
d 

A
pp

lic
at

io
ns

 fo
r R

eh
ab

ili
ta

tio
n 

M
on

ito
rin

g 
an

d 
Se

lf-
M

an
ag

em
en

t A
ft

er
 K

ne
e 

A
rt

hr
op

la
st

y:
 S

co
pi

ng
 R

ev
ie

w
. 

JM
IR

 M
he

al
th

 U
he

al
th

. 2
02

4;
12

:e
47

84
3

15
. H

us
sa

in
 M

S,
 L

i J
, B

rin
da

l E
, v

an
 K

as
te

re
n 

Y,
 V

ar
nfi

el
d 

M
, R

ee
so

n 
A

, e
t a

l. 
Su

pp
or

tin
g 

th
e 

de
liv

er
y 

of
 to

ta
l k

ne
e 

re
pl

ac
em

en
ts

 c
ar

e 
fo

r b
ot

h 
pa

tie
nt

s 
an

d 
th

ei
r c

lin
ic

ia
ns

 w
ith

 a
 m

ob
ile

 a
pp

 a
nd

 w
eb

-b
as

ed
 to

ol
: R

an
do

m
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l p

ro
to

co
l. 

JM
IR

 R
es

ea
rc

h 
Pr

ot
oc

ol
s. 

20
17

;6
 (3

)

16
. L

am
 A

W
K,

 V
ar

on
a-

M
ar

in
 D

, L
i Y

, F
er

ge
nb

au
m

 M
, K

ul
ic

 D
, A

na
nt

ha
na

ra
ya

n 
A

, A
yo

ad
e,

 B
ur

ns
, B

ur
ns

, C
os

ta
, F

rie
dr

ic
h,

 G
oc

kl
ey

, H
ou

m
an

fa
r, 

H
ua

ng
, K

im
el

, L
am

, L
an

ge
, L

i, 
Li

n,
 L

in
, L

in
, L

in
de

m
an

, N
or

ki
n,

 P
iq

ue
ra

s, 
Ro

sa
ti,

 
Sc

hm
itz

, S
hi

n,
 S

in
gh

, S
te

w
ar

t, 
Su

ca
r, 

U
zo

r, 
Ye

h.
 A

ut
om

at
ed

 re
ha

bi
lit

at
io

n 
sy

st
em

: M
ov

em
en

t m
ea

su
re

m
en

t a
nd

 fe
ed

ba
ck

 fo
r p

at
ie

nt
s 

an
d 

ph
ys

io
th

er
ap

is
ts

 in
 th

e 
re

ha
bi

lit
at

io
n 

cl
in

ic
. H

um
an

-C
om

pu
te

r I
nt

er
ac

tio
n.

 
20

16
;3

1 
(3

):2
94

–3
34

17
. A

rg
en

t R
, S

le
vi

n 
P, 

Be
vi

la
cq

ua
 A

, N
el

ig
an

 M
, D

al
y 

A
, C

au
lfi

el
d 

B.
 C

lin
ic

ia
n 

pe
rc

ep
tio

ns
 o

f a
 p

ro
to

ty
pe

 w
ea

ra
bl

e 
ex

er
ci

se
 b

io
fe

ed
ba

ck
 s

ys
te

m
 fo

r o
rt

ho
pa

ed
ic

 re
ha

bi
lit

at
io

n:
 A

 q
ua

lit
at

iv
e 

ex
pl

or
at

io
n.

 B
M

J O
pe

n.
 2

01
8;

8 
(1

0)

18
. S

ta
ub

er
 A

, S
ch

us
le

r N
, S

ch
ur

ho
lz

 N
, B

ru
ns

 D
, O

st
er

br
in

k 
J, 

N
es

tle
r N

, e
t a

l. 
RE

CO
VE

R-
E 

- A
 m

ob
ile

 a
pp

 fo
r p

at
ie

nt
s 

un
de

rg
oi

ng
 to

ta
l k

ne
e 

or
 h

ip
 re

pl
ac

em
en

t: 
St

ud
y 

pr
ot

oc
ol

. B
M

C 
M

us
cu

lo
sk

el
et

 D
is

or
d.

 2
02

0;
21

 (1
):7

1

19
. P

ar
ke

s 
RJ

, W
ill

ia
m

s 
D

H
, P

al
m

er
 J,

 W
in

gh
am

 J.
 Is

 v
irt

ua
l c

lin
ic

 fo
llo

w
-u

p 
of

 h
ip

 a
nd

 k
ne

e 
jo

in
t r

ep
la

ce
m

en
t a

cc
ep

ta
bl

e 
to

 p
at

ie
nt

s 
an

d 
cl

in
ic

ia
ns

? 
A

 s
eq

ue
nt

ia
l m

ix
ed

 m
et

ho
ds

 e
va

lu
at

io
n.

 B
M

J o
pe

n 
qu

al
ity

. 2
01

9;
8 

(1
):e

00
05

02

20
. N

el
ig

an
 M

, D
al

y 
A

, B
ev

ila
cq

ua
 A

, A
rg

en
t R

, S
le

vi
n 

P, 
Ca

ul
fie

ld
 B

. C
lin

ic
ia

n 
pe

rc
ep

tio
ns

 o
f a

 p
ro

to
ty

pe
 w

ea
ra

bl
e 

ex
er

ci
se

 b
io

fe
ed

ba
ck

 s
ys

te
m

 fo
r o

rt
ho

pa
ed

ic
 re

ha
bi

lit
at

io
n:

 A
 q

ua
lit

at
iv

e 
ex

pl
or

at
io

n.
 B

M
J O

pe
n.

 2
01

8;
8 

(1
0)

:e
02

63
26

21
. O

ny
eu

kw
u 

C,
 S

m
ith

 C
N

, O
h 

A
, M

cC
lin

cy
 M

P, 
Be

ll 
KM

, D
ev

ito
 D

ab
bs

 A
, e

t a
l. 

A
 P

or
ta

bl
e 

Sy
st

em
 fo

r R
em

ot
e 

Re
ha

bi
lit

at
io

n 
Fo

llo
w

in
g 

a 
To

ta
l K

ne
e 

Re
pl

ac
em

en
t: 

A
 P

ilo
t R

an
do

m
iz

ed
 C

on
tr

ol
le

d 
Cl

in
ic

al
 S

tu
dy

. S
en

so
rs

 
(B

as
el

, S
w

itz
er

la
nd

). 
20

20
;2

0 
(2

1)

22
. C

or
re

ia
 F

D
, N

og
ue

ira
 A

, M
ag

al
hã

es
 I,

 G
ui

m
ar

ãe
s 

J, 
M

or
ei

ra
 M

, B
ar

ra
da

s 
I, 

et
 a

l. 
M

ed
iu

m
-t

er
m

 o
ut

co
m

es
 o

f d
ig

ita
l v

er
su

s 
co

nv
en

tio
na

l h
om

e-
ba

se
d 

re
ha

bi
lit

at
io

n 
af

te
r t

ot
al

 k
ne

e 
ar

th
ro

pl
as

ty
: P

ro
sp

ec
tiv

e,
 p

ar
al

le
l-g

ro
up

 
fe

as
ib

ili
ty

 s
tu

dy
. J

M
IR

 R
eh

ab
ili

ta
tio

n 
an

d 
A

ss
is

tiv
e 

Te
ch

no
lo

gi
es

. 2
01

9;
6 

(1
)

23
. R

us
se

ll 
TG

, B
ut

tr
um

 P
, W

oo
tt

on
 R

, J
ul

l G
A

. L
ow

-b
an

dw
id

th
 te

le
re

ha
bi

lit
at

io
n 

fo
r p

at
ie

nt
s 

w
ho

 h
av

e 
un

de
rg

on
e 

to
ta

l k
ne

e 
re

pl
ac

em
en

t: 
pr

el
im

in
ar

y 
re

su
lts

. J
ou

rn
al

 o
f t

el
em

ed
ic

in
e 

an
d 

te
le

ca
re

. 2
00

3;
9:

S4
4-

7

24
. T

ou
si

gn
an

t M
, B

oi
ss

y 
P, 

M
off

et
 H

, C
or

riv
ea

u 
H

, C
ab

an
a 

F, 
M

ar
qu

is
 F

, e
t a

l. 
Pa

tie
nt

s’ 
sa

tis
fa

ct
io

n 
of

 h
ea

lth
ca

re
 s

er
vi

ce
s 

an
d 

pe
rc

ep
tio

n 
w

ith
 in

-h
om

e 
te

le
re

ha
bi

lit
at

io
n 

an
d 

ph
ys

io
th

er
ap

is
ts

’ s
at

is
fa

ct
io

n 
to

w
ar

d 
te

ch
no

lo
gy

 fo
r p

os
t-

kn
ee

 a
rt

hr
op

la
st

y:
 a

n 
em

be
dd

ed
 s

tu
dy

 in
 a

 ra
nd

om
iz

ed
 tr

ia
l. 

Te
le

m
ed

ic
in

e 
jo

ur
na

l a
nd

 e
-h

ea
lth

 : 
th

e 
offi

ci
al

 jo
ur

na
l o

f t
he

 A
m

er
ic

an
 Te

le
m

ed
ic

in
e 

A
ss

oc
ia

tio
n.

 2
01

1;
17

 (5
):3

76
 −

 8
2

25
. v

an
 K

as
te

re
n 

Y,
 F

re
yn

e 
J, 

H
us

sa
in

 M
S.

 To
ta

l K
ne

e 
Re

pl
ac

em
en

t a
nd

 th
e 

Eff
ec

t o
f T

ec
hn

ol
og

y 
on

 C
oc

re
at

io
n 

fo
r I

m
pr

ov
ed

 O
ut

co
m

es
 a

nd
 D

el
iv

er
y:

 Q
ua

lit
at

iv
e 

M
ul

ti-
St

ak
eh

ol
de

r S
tu

dy
. J

ou
rn

al
 o

f m
ed

ic
al

 In
te

rn
et

 
re

se
ar

ch
. 2

01
8;

20
 (3

):e
95

26
. K

ai
ry

 D
, T

ou
si

gn
an

t M
, L

ec
le

rc
 N

, C
ot

e 
A

-M
, L

ev
as

se
ur

 M
. T

he
 p

at
ie

nt
’s 

pe
rs

pe
ct

iv
e 

of
 in

-h
om

e 
te

le
re

ha
bi

lit
at

io
n 

ph
ys

io
th

er
ap

y 
se

rv
ic

es
 fo

llo
w

in
g 

to
ta

l k
ne

e 
ar

th
ro

pl
as

ty
. I

nt
er

na
tio

na
l J

ou
rn

al
 o

f E
nv

iro
nm

en
ta

l 
Re

se
ar

ch
 a

nd
 P

ub
lic

 H
ea

lth
. 2

01
3;

10
 (9

):3
99

8–
40

11

27
. L

eB
ru

n 
D

G
, M

al
fe

r C
, W

ils
on

 M
, C

ar
ro

ll 
KM

, W
an

g 
M

, V
., 

M
ay

m
an

 D
J, 

et
 a

l. 
Te

le
m

ed
ic

in
e 

in
 a

n 
O

ut
pa

tie
nt

 A
rt

hr
op

la
st

y 
Se

tt
in

g 
D

ur
in

g 
th

e 
CO

VI
D

-1
9 

Pa
nd

em
ic

: E
ar

ly
 L

es
so

ns
 fr

om
 N

ew
 Y

or
k 

Ci
ty

. H
SS

 Jo
ur

na
l. 

20
21

;1
7 

(1
):2

5–
30

28
. S

zo
ts

 K
, K

on
ra

ds
en

 H
, S

ol
ga

ar
d 

S,
 B

og
o 

S,
 O

st
er

ga
ar

d 
B.

 N
ur

se
-le

d 
te

le
ph

on
e 

fo
llo

w
-u

p 
af

te
r t

ot
al

 k
ne

e 
ar

th
ro

pl
as

ty
–c

on
te

nt
 a

nd
 th

e 
pa

tie
nt

s’ 
vi

ew
s. 

Jo
ur

na
l o

f c
lin

ic
al

 n
ur

si
ng

. 2
01

5;
24

 (1
9)

:2
89

0-
9

29
. G

ra
nt

 S
, J

ud
ge

 A
, T

on
ki

n 
EL

, B
lo

m
 A

W
, W

hi
te

ho
us

e 
M

R,
 G

oo
be

rm
an

-H
ill

 R
, e

t a
l. 

U
si

ng
 h

om
e 

se
ns

in
g 

te
ch

no
lo

gy
 to

 a
ss

es
s 

ou
tc

om
e 

an
d 

re
co

ve
ry

 a
ft

er
 h

ip
 a

nd
 k

ne
e 

re
pl

ac
em

en
t i

n 
th

e 
U

K:
 T

he
 H

Em
iS

PH
ER

E 
st

ud
y 

pr
ot

oc
ol

. B
M

J O
pe

n.
 2

01
8;

8 
(7

):e
02

18
62

30
. M

as
si

p 
M

, d
e 

Ba
tll

e 
J, 

Ba
rb

e 
F, 

To
rr

es
 G

, V
ar

gi
u 

E,
 M

ira
lle

s 
F, 

et
 a

l. 
Im

pl
em

en
tin

g 
M

ob
ile

 H
ea

lth
-E

na
bl

ed
 In

te
gr

at
ed

 C
ar

e 
fo

r C
om

pl
ex

 C
hr

on
ic

 P
at

ie
nt

s:
 P

at
ie

nt
s 

an
d 

Pr
of

es
si

on
al

s’ 
Ac

ce
pt

ab
ili

ty
 S

tu
dy

. J
M

IR
 m

H
ea

lth
 a

nd
 

uH
ea

lth
. 2

02
0;

8 
(1

1)
:e

22
13

6

31
. M

ar
sh

 J,
 B

ry
an

t D
, M

ac
D

on
al

d 
SJ

, N
au

di
e 

D
, R

em
tu

lla
 A

, M
cC

al
de

n 
R,

 e
t a

l. 
A

re
 p

at
ie

nt
s 

sa
tis

fie
d 

w
ith

 a
 w

eb
-b

as
ed

 fo
llo

w
up

 a
ft

er
 to

ta
l j

oi
nt

 a
rt

hr
op

la
st

y?
 C

lin
ic

al
 o

rt
ho

pa
ed

ic
s 

an
d 

re
la

te
d 

re
se

ar
ch

. 2
01

4;
47

2 
(6

):1
97

2-
81 32

. G
lin

ko
w

sk
i W

, C
ab

aj
 D

, K
os

tr
ub

ał
a 

A
, K

ra
w

cz
ak

 K
, G

ór
ec

ki
 A

, e
di

to
rs

. P
re

-s
ur

ge
ry

 a
nd

 p
os

t-
su

rg
er

y 
te

le
re

ha
bi

lit
at

io
n 

fo
r h

ip
 a

nd
 k

ne
e 

re
pl

ac
em

en
t -

 T
re

at
m

en
t o

pt
io

ns
 re

vi
ew

 a
nd

 p
at

ie
nt

’s 
at

tit
ud

es
 to

w
ar

ds
 te

le
re

ha
-

bi
lit

at
io

n.
 e

Ch
al

le
ng

es
 e

-2
01

0 
Co

nf
er

en
ce

; 2
01

0

Ta
bl

e 
1 

(c
on

tin
ue

d)



Page 8 of 17Pritwani et al. BMC Musculoskeletal Disorders          (2024) 25:890 

Ta
bl

e 
2 

M
ap

pi
ng

 o
f b

eh
av

io
ur

al
 p

ro
bl

em
s 

w
ith

 in
te

rv
en

tio
n 

fu
nc

tio
ns

, b
eh

av
io

ur
 c

ha
ng

e 
te

ch
ni

qu
es

, a
nd

 m
ob

ile
 a

pp
 fe

at
ur

es

(A
) B

ar
ri

er
s/

fa
ci

lit
at

or
s 

(id
en

tifi
ed

 b
y 

pa
tie

nt
 o

r 
Ph

ys
io

th
er

ap
is

t)
*

(B
) C

O
M

-B
(C

) 
In

te
rv

en
tio

n 
fu

nc
tio

n

(D
) B

CT
(E

) A
pp

 fe
at

ur
es

(F
) F

un
ct

io
n

(G
) A

pp
 ic

on
s

• P
ai

n 
in

te
rf

er
en

ce
 to

 p
er

fo
rm

 
th

e 
ex

er
ci

se
 (p

t a
nd

 P
T)

• L
ac

k 
of

 in
fo

rm
at

io
n 

on
 re

la
tio

ns
hi

p 
be

tw
ee

n 
pa

in
 

an
d 

ex
er

ci
se

 (p
t)

Ph
ys

ic
al

 c
ap

ab
ili

ty
Re

fle
ct

iv
e 

m
ot

iv
at

io
n

Ed
uc

at
io

n
En

ab
le

m
en

t
• A

dd
in

g 
ob

je
ct

s 
to

 th
e 

en
vi

-
ro

nm
en

t
• S

el
f-m

on
ito

rin
g 

of
 o

ut
co

m
e 

of
 th

e 
be

ha
vi

ou
r

• I
nf

or
m

at
io

n 
ab

ou
t h

ea
lth

 
co

ns
eq

ue
nc

es

Ed
uc

at
io

n 
(k

no
w

le
dg

e)
A

n 
e-

bo
ok

le
t c

on
si

st
in

g 
of

 c
on

te
xt

 s
pe

ci
fic

 in
fo

rm
a-

tio
n 

re
la

te
d 

to
 p

re
pa

rin
g 

on
es

el
f f

or
 s

ur
ge

ry
, k

no
w

in
g 

ab
ou

t r
ec

ov
er

y 
pr

oc
es

s, 
an

d 
im

po
rt

an
t d

o 
an

d 
do

n’
ts

 
to

 s
af

eg
ua

rd
 th

e 
ne

w
 k

ne
e

Kn
ow

le
dg

e

• I
na

de
qu

at
e 

sk
ill

s 
to

 p
er

fo
rm

 
ex

er
ci

se
 (P

T)
• D

iffi
cu

lty
 to

 re
ta

in
 in

fo
rm

a-
tio

n 
on

 e
xe

rc
is

es
 &

 a
dv

ic
e 

(p
t 

an
d 

PT
)

Ph
ys

ic
al

 c
ap

ab
ili

ty
Ps

yc
ho

lo
gi

ca
l c

ap
ab

ili
ty

Tr
ai

ni
ng

En
ab

le
m

en
t

• I
ns

tr
uc

tio
n 

on
 h

ow
 to

 
pe

rf
or

m
 th

e 
be

ha
vi

ou
r

• A
dd

in
g 

ob
je

ct
s 

to
 th

e 
en

vi
-

ro
nm

en
t

Tr
ai

ni
ng

 (s
ki

ll)
A

ud
io

 v
is

ua
l a

id
s 

fo
r p

at
ie

nt
s 

to
 p

er
fo

rm
 e

xe
rc

is
es

 
fo

r r
an

ge
 o

f m
ot

io
n,

 m
us

cl
e 

st
re

ng
th

, b
al

an
ce

, a
nd

 fu
nc

-
tio

n

Ex
er

ci
se

 v
id

eo
s

• L
ac

k 
of

 a
w

ar
en

es
s 

ab
ou

t i
m

po
rt

an
ce

 o
f e

xe
r-

ci
se

s 
fo

r r
ec

ov
er

y 
(P

T)
• L

ac
k 

of
 m

ot
iv

at
io

n 
in

 p
at

ie
nt

s 
fo

r f
ol

lo
w

in
g 

th
e 

ex
er

ci
se

s 
(P

T)

Ps
yc

ho
lo

gi
ca

l c
ap

ab
ili

ty
Re

fle
ct

iv
e 

m
ot

iv
at

io
n

A
ut

om
at

ic
 m

ot
iv

at
io

n

Ed
uc

at
io

n
Pe

rs
ua

si
on

• S
el

f-m
on

ito
rin

g 
of

 th
e 

be
ha

vi
ou

r
• P

ro
m

pt
/c

ue
s

• S
al

ie
nc

e 
of

 c
on

se
qu

en
ce

s
• F

ra
m

in
g/

re
fra

m
in

g

e-
di

ar
y 

an
d 

go
al

 s
et

tin
g 

(s
el

f-
m

an
ag

em
en

t a
nd

 m
ot

iv
a-

tio
n)

A
n 

e-
di

ar
y 

to
 s

el
f-m

on
ito

r 
pa

in
, r

an
ge

 o
f m

ot
io

n,
 k

ne
e 

fu
nc

tio
n,

 a
ct

iv
ity

 le
ve

l, 
an

d 
ad

he
re

nc
e 

to
 e

xe
rc

is
es

. 
G

oa
l s

et
tin

g 
of

 d
es

ire
d 

ac
tiv

-
ity

 le
ve

l a
t t

he
 s

ta
rt

 o
f t

he
r-

ap
y 

al
on

g 
w

ith
 re

w
ar

ds
 

on
 c

om
pl

et
io

n 
of

 e
xe

rc
is

e 
an

d 
ac

tiv
ity

 g
oa

ls
.

M
ot

iv
at

io
na

l m
es

sa
ge

s

M
y 

D
ia

ry
 &

 R
an

ge
 o

f m
ot

io
n

• D
is

tr
es

s 
du

e 
to

 p
ai

n 
fo

llo
w

-
in

g 
su

rg
er

y 
(p

t)
• P

oo
r a

cc
es

si
bi

lit
y 

or
 h

ig
h 

co
st

 to
 a

va
il 

ph
ys

io
th

er
ap

y 
se

rv
ic

es
 a

nd
 d

ev
ic

es
 (p

t)
• D

iffi
cu

lty
 in

 c
om

m
ut

in
g 

to
 th

e 
re

fe
rr

al
 h

os
pi

ta
l (

pt
)

Re
fle

ct
iv

e 
m

ot
iv

at
io

n
En

vi
ro

nm
en

ta
l o

pp
or

tu
ni

ty
Pe

rs
ua

si
on

En
ab

le
m

en
t

• V
er

ba
l p

er
su

as
io

n 
ab

ou
t c

ap
ab

ili
ty

• A
dd

in
g 

ob
je

ct
s 

to
 th

e 
en

vi
-

ro
nm

en
t

e-
co

nn
ec

t (
op

po
rt

un
ity

)
Tw

o-
w

ay
 s

yn
ch

ro
no

us
 

an
d 

as
yn

ch
ro

no
us

 c
on

su
lta

-
tio

n 
vi

a 
au

di
o,

 v
id

eo
, a

nd
 te

xt
 

fe
at

ur
es

M
es

sa
ge

 &
 A

pp
oi

nt
m

en
t

• N
ee

d 
fo

r p
er

so
na

liz
ed

 
su

pp
or

t a
nd

 c
om

pr
eh

en
si

ve
 

in
fo

rm
at

io
n 

(p
t a

nd
 P

T)
• N

ee
d 

fo
r c

on
tin

ue
d 

su
pp

or
t 

fro
m

 h
ea

lth
 c

ar
e 

pr
ov

id
er

 
af

te
r d

is
ch

ar
ge

 to
 h

om
e 

(p
t 

an
d 

PT
)

• L
ac

k 
of

 m
ot

iv
at

io
n 

in
 p

at
ie

nt
s 

fo
r f

ol
lo

w
in

g 
th

e 
ex

er
ci

se
s 

(P
T)

En
vi

ro
nm

en
ta

l O
pp

or
tu

ni
ty

A
ut

om
at

ic
 m

ot
iv

at
io

n
Re

fle
ct

iv
e 

m
ot

iv
at

io
n

En
ab

le
m

en
t

Pe
rs

ua
si

on
• S

oc
ia

l s
up

po
rt

 (p
ra

ct
ic

al
)

• G
oa

l s
et

tin
g 

(b
eh

av
io

ur
)

• F
ee

db
ac

k 
on

 o
ut

co
m

e 
of

 th
e 

be
ha

vi
ou

r

e-
m

on
ito

r (
op

po
rt

un
ity

)
Fa

ci
lit

at
in

g 
co

nt
in

uu
m

 
of

 c
ar

e 
be

tw
ee

n 
he

al
th

 c
ar

e 
pr

ov
id

er
 (s

ur
ge

on
 a

nd
 p

hy
si

-
ot

he
ra

pi
st

) a
nd

 p
at

ie
nt

s 
by

 m
od

ify
in

g 
tr

ea
tm

en
t p

la
n 

ba
se

d 
on

 th
e 

pr
og

re
ss

.

Pr
og

re
ss

Th
er

ap
y 

pl
an



Page 9 of 17Pritwani et al. BMC Musculoskeletal Disorders          (2024) 25:890  

Ta
bl

e 
2 

(c
on

tin
ue

d)

(A
) B

ar
ri

er
s/

fa
ci

lit
at

or
s 

(id
en

tifi
ed

 b
y 

pa
tie

nt
 o

r 
Ph

ys
io

th
er

ap
is

t)
*

(B
) C

O
M

-B
(C

) 
In

te
rv

en
tio

n 
fu

nc
tio

n

(D
) B

CT
(E

) A
pp

 fe
at

ur
es

(F
) F

un
ct

io
n

(G
) A

pp
 ic

on
s

• N
ee

d 
fo

r p
hy

si
ca

l a
nd

 p
sy

-
ch

ol
og

ic
al

 s
up

po
rt

 fr
om

 fa
m

-
ily

 (p
t)

So
ci

al
 o

pp
or

tu
ni

ty
Re

fle
ct

iv
e 

M
ot

iv
at

io
n

Ed
uc

at
io

n
En

ab
le

m
en

t
• S

oc
ia

l s
up

po
rt

 (u
ns

pe
ci

fie
d)

• S
oc

ia
l s

up
po

rt
 (e

m
ot

io
na

l)
e-

su
pp

or
t (

op
po

rt
un

ity
)

Fa
m

ily
 m

em
be

rs
/c

ar
eg

iv
er

 
w

ill
 b

e 
se

ns
iti

ze
d 

to
 re

co
v-

er
y 

ne
ed

s 
vi

a 
ed

uc
at

io
n 

m
at

er
ia

l, 
ex

er
ci

se
 v

id
eo

s. 
Th

ey
 c

an
 a

ls
o 

ac
ce

ss
 p

ro
-

gr
es

s 
an

d 
go

al
s 

ac
hi

ev
ed

 
by

 p
at

ie
nt

Fa
m

ily
 m

em
be

r i
nt

er
fa

ce

D
efi

ni
tio

n 
of

 in
te

rv
en

tio
n 

fu
nc

tio
ns

: E
du

ca
tio

n-
 In

cr
ea

si
ng

 k
no

w
le

dg
e 

or
 u

nd
er

st
an

di
ng

 P
er

su
as

io
n-

 U
si

ng
 c

om
m

un
ic

at
io

n 
to

 in
du

ce
 p

os
iti

ve
 o

r n
eg

at
iv

e 
fe

el
in

gs
 o

r s
tim

ul
at

e 
ac

tio
n 

Tr
ai

ni
ng

- I
m

pa
rt

in
g 

sk
ill

s 
M

od
el

lin
g-

 
Pr

ov
id

in
g 

an
 e

xa
m

pl
e 

fo
r p

eo
pl

e 
to

 a
sp

ire
 to

 o
r i

m
ita

te
 E

na
bl

em
en

t-
 In

cr
ea

si
ng

 m
ea

ns
/r

ed
uc

in
g 

ba
rr

ie
rs

 to
 in

cr
ea

se
 c

ap
ab

ili
ty

 o
r o

pp
or

tu
ni

ty

PT
 P

hy
si

ot
he

ra
pi

st
, p

t p
at

ie
nt

*C
ol

la
te

d 
fr

om
 b

ot
h 

lit
er

at
ur

e 
re

vi
ew

 a
nd

 p
rim

ar
y 

da
ta

 c
ol

le
ct

io
n 

fr
om

 in
di

vi
du

al
s 

un
de

rg
oi

ng
 k

ne
e 

re
pl

ac
em

en
t, 

fa
m

ily
 m

em
be

rs
 a

nd
 p

hy
si

ot
he

ra
pi

st



Page 10 of 17Pritwani et al. BMC Musculoskeletal Disorders          (2024) 25:890 

to measure range of motion remotely for monitoring 
progress. Hence, we utilised the inherent capabilities 
of gyroscope and accelerometer in a mobile device to 
develop an app to measure knee range of motion with 
the aim to incorporate it within the main application.

Various prototyping tools, approaches, and aids were 
used in the user interface design process of the app. 
Simple flowcharts were developed in draw.io to out-
line the app’s structure that served as a foundation for 
creating low-fidelity wireframes on Figma [42]. These 
wireframes underwent multiple iterations and feedback 
with respect to layout, colour, content, navigation, and 
clickable elements before they were transformed into 
high fidelity wireframes with content and user flow. The 
app developmental cycle was structured into 2-week 
sprints following scrum methodology [43]. The team 
followed the standard prototype aids such as Nielsen’s 
10 usability heuristics [44] and eight golden rules [45].

The app development team along with the members 
from the research team performed multiple rounds of 
alpha testing of the app using approaches such as func-
tionality, useability, stress, capacity, and timing. Fol-
lowing the principles of BDT [46], feedback on visual 
appeal and ease of navigation, comprehensibility of 
the icon names and menu layout was obtained from 
ten volunteers (patient = 4 and caregiver = 6; male = 7 
and female = 3) aged 33–66 years. They identified a 
few spelling errors in the app, suggested a zoom-in fea-
ture to improve readability in the knowledge material, 
and suggested a manual as a self-guide for navigating 
through the app.

Test
The objective of the user acceptance testing was to 
assess end users’ experiences and expectations and gain 
insights for implementing the intervention. Consecutive 
adults (n = 41) advised, scheduled, or who had undergone 
knee arthroplasty were approached, and 30 consent-
ing participants were enrolled if they or their caregiver 
had an android smartphone. A member of the research 
team maintained a diary of all observations made dur-
ing enrolment and periodic check-in calls made to the 
enrolled participants. A semi-structured interview guide 
(Supplementary file-Tables  4, 5 and 6) was developed 
based on the consolidated framework of implementa-
tion research [47]. After at least one month of app usage, 
13 willing participants with varying levels of app usage 
were interviewed via telephone (Supplementary file- 
Fig. 4). Feedback was obtained from the physiotherapists. 
Both activities were done by a researcher not involved 
in patient enrolment. For the analysis of the qualitative 
interviews, audio transcripts were transcribed verbatim 

and translated. Two researchers independently coded 
the transcripts deductively using a priori identified codes 
and inductively for new emerging codes. Following dis-
cussion, codes were grouped into overarching a priori 
themes. Physiotherapist feedback was grouped into the-
matic categories.

Results
Description of the app-based intervention
The TReAT intervention developed following BDT 
principles, aims to facilitate remote monitoring and 
self-management, promote information and commu-
nication exchange between healthcare providers and 
patients/family members (Fig. 2). It consists of 5 inter-
linked components-

1. Education (knowledge): e-education booklet.
2. Training (exercises): e-repository of exercise videos.
3. Self-management and goal setting (my diary, my 

progress, a family member interface): e-diary to self-
monitor progress (pain, range of motion, knee func-
tion, activity, and exercise adherence), motivational 
messages on achieving desired goals, and sensitiza-
tion of family members to recovery needs.

4. Communication (messages and appointment): e-con-
nect via two-way synchronous and asynchronous 
consultation via audio, video, and text.

5. Therapy plan (progress): e-monitoring of progress by 
HCP to modify treatment plan.

 Intervention components are available in the app via 
patient, family member, and healthcare provider inter-
faces (Supplementary file- Fig. 5). The app supports both 
Hindi (local language) and English with the possibil-
ity of expanding to other languages. The patients can be 
enrolled any time before or after the surgery and inter-
vention components such as the education contents and 
exercises are suitable for both pre- and early stage (3 
months) post arthroplasty rehabilitation. The HCP can 
store basic medical information in the app at the time of 
enrolment, following which they can prescribe exercises 
depending upon patient requirement and expectations. 
The therapy can be updated along with the medical infor-
mation at any point of time. The app is programmed to 
send automatic motivational messages at a pre-specified 
frequency depending on the days since surgery.

The patient and family member can access the educa-
tion material under the “Knowledge” section. The physio-
therapist can assign specific exercises which are grouped 
under pre-surgical phase and four post-surgical phases. 
The physiotherapist can also add and edit the number of 
repetitions, sets, and the time in the day (morning/after-
noon/evening) with a provision to add any additional 
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notes for the patient. Only the prescribed exercises can 
be seen by the patients and family members under the 
“Exercise” tab. They also receive a notification when the 
physiotherapist updates the therapy plan.

To facilitate self-monitoring, patients can complete 
self-reported pain, activity, knee function, and exercise 
adherence under “My Diary” at specified intervals. Knee 
pain is captured using Numeric Rating Scale (NRS) [48] 
(0-No pain, 10-Worst pain imaginable), current activ-
ity level using lower extremity activity scale (LEAS) [49], 
knee function using Knee injury and Osteoarthritis Out-
come Score for joint replacement (KOOS, JR) [50]. Pain 
levels can be entered daily whereas activity and knee 
function can be entered once in every 15 days for a period 
of three months. Patients are expected to enter “Yes” or 
“No” against each of the prescribed exercises daily. They 
will also receive pop-up messages as reminders to com-
plete the diary. Patients or family member can measure 
knee range of motion using the “Range of motion” in-app 
feature. A trend graph of responses to patient reported 
pain, activity, knee function, and exercise adherence 
along with flexion and extension of the knee joint can be 
visualised by the patient, family member and HCP under 
the “Progress” tab.

One-to-one text and audio messages, still images, and 
video messages can be exchanged between the HCPs, 
patients, and family members via the “Messages” section. 
Patients can request for a video consultation with the 
HCP via messaging. Under the “Appointment” section, 

when the HCP schedules an appointment, the patient or 
family member will be notified. An automatic reminder 
will also be sent 30 min before the scheduled video con-
sultation. The HCP has an option to cancel the appoint-
ment, if required.

End users experience and recommendations
The mean age of the participants (n = 30) was 66.6 years 
(SD = 7.77) and 80% were women (Supplementary file- 
Table  7). Most (n = 27) patients had undergone knee 
arthroplasty, and three were advised or scheduled for 
surgery for one or both knees. Of the thirteen par-
ticipants who provided feedback, two had used more 
than or at least 5 features of the app, seven were partial 
users (used > 1 but less than 5 features) and four were 
non-users. Overall, the patients and their family mem-
bers valued the app-based rehabilitation support. They 
found it useful as it reduced their clinic visits, need 
for an in-person physiotherapist, and enabled remote 
access to an HCP (Fig. 3). Most of them recommended 
the app for self-management and communication (Sup-
plementary File-Table 8).

“…. The person who visits me after my knee surgery 
I tell them about this app…. I used to show them 
the app too that everything is given in this app. 
How you must do the exercises everything is there. 
If someone can do the exercises by self, I don’t think 
they will need help of private PT.” (P130, 54 F, Left 
Unilateral Knee Replacement).

Fig. 2 Digital health behavioural intervention to enable adherence to physiotherapy protocols
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They perceived ‘exercises’, ‘knowledge’, ‘my diary’ and 
‘video consultation’ as the most useful features. How-
ever, they suggested a briefer app user manual, to have 
video demonstrations for walking and stair climbing 
within the app, and possibility of virtual exercise ses-
sions with a physiotherapist.

“Exercises which you have given are really very 
nice. The steps which you have mentioned are 
helpful. If someone forgets it, then can have a look 
again in the video and they will understand it. 
And secondly, that knowledge section in which you 
have mentioned how one must take steps, how to 
climb stairs, how to tie, brace how to tie weights, 
all these were very useful. I have physiotherapist 
at home but for those who doesn’t have it is very 
useful”. (P102, 73  M, Right Total Knee Replace-
ment)

Despite the support provided by the app, the need for 
physical support by a physiotherapist, especially dur-
ing the early phases of recovery was often mentioned 
by patients and family caregivers. This was also evi-
dent since 11 people (out of 13 interviewed) had sought 
physiotherapy consultation at home or at a clinic.

“…because while seeing in the book if we want to 
bend our knees, we shall do it, but we will not bend 
it too much. My son is also a physiotherapist but 
when we hire physiotherapist from outside, they 
bend knees to the level that is possible, and it allows 
good movement. They put pressure to straighten 
your knees. We cannot do it by self without physio-
therapist. On seeing we can do normal exercises but 
when you must bend knees you will not do it to its 
maximum. They put pressure and made it happen. 
One more thing when you exercise by yourself you 
will get tired in half an hour but when physiothera-
pist comes, they will make you do for an hour. They 
will do every movement. They will bend it straighten 
it. (P130, 54F, Left Unilateral Knee Replacement)

Eleven patients out of thirty, did not use the app, even 
after successful app installation. They needed family sup-
port to operate the app since they were not comfortable 
in using smartphones. Further, those who had appointed 
an attendant or physiotherapist did not perceive the need 
for the app.

“… actually, to be honest… had downloaded in my 
phone, but I couldn’t do it. My kids are outside, if 

Fig. 3 Barriers and facilitators for app usage by patients and family members with recommendations for improvement in intervention
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they would have been there, they would have opened 
and showed it to me.” (P104, 53 F, not yet scheduled 
surgery).

“I do not use it… I have this person (attendant) 
who make me to exercise four times a day. I walk 
now with minimum pain. So, I didn’t feel need to 
use that app. This app will be helpful to the peo-
ple who do not have any attendant or someone like 
this what I feel.” (P113, 76 F, B/L TKR).

Physiotherapists found the customizable therapy plan 
with exercise thumbnails to be the most useful features 
and felt the graphical summary of patient progress would 
help to monitor and provide care. They strongly believed 
that end user digital literacy was crucial to make users 
more compliant in using the app and in completing the 
diary. They recommended that patients should be trained 
well in using the app before discharge to home, includ-
ing positioning of the phone during video consulta-
tions. They also recommended an option to add newer 
exercises or any patient relevant information in the app. 
Figure  4 provides further details of the experiences and 
expectations reported during the feedback interviews.

The insights we gathered about implementation of the 
intervention for the trial phase were, imparting train-
ing to use the app at the start of the program and dur-
ing post-surgery teleconsultations in addition to a user 
manual. Moreover, the participant information materials 
should be in electronic and paper format.

Discussion
In this manuscript we provide a step-by-step description 
of the design and development of a technology-based 
intervention with a user-centric approach wherein we 
identified the target behaviour and intervention com-
ponents using the COM-B model and adopted the BDT 
approach for designing the TReAT app. This app aims 
to support rehabilitation and facilitate continuum of 
care for individuals undergoing knee arthroplasty. While 
smartphones and other wearable technologies are in use 
especially in high-income countries for health promotion 
and rehabilitation following knee arthroplasty, few stud-
ies reported information on how they were systematically 
developed [18]. Our effort was to design a context-spe-
cific mHealth intervention based on existing evidence, 
and theory using a systematic approach. However, in the 

Fig. 4 Experiences & Expectations of physiotherapists to provide routine care using TReAT mHealth application
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pilot test only just above half the participants used the 
app with varying levels of engagement.

Findings in context
The context in which this mHealth intervention has 
been developed and will be implemented differs signifi-
cantly from those developed for high-income countries. 
In India, patients first contact, with a physiotherapist 
typically occurs after hospital admission, usually a day 
before surgery. There are no routinely followed preha-
bilitation protocols for knee arthroplasty and postopera-
tive patient-doctor contact time is minimal. This leads 
to patients and their family members being unaware of 
the expectations of the recovery process, especially the 
expected levels of pain. This lack of awareness could 
negatively impact their outlook to early mobilisation and 
exercise therapy, which are crucial for better and early 
functional recovery. Unlike, in western population where 
returning to independent living is a crucial outcome fol-
lowing arthroplasty, freedom from knee pain and abil-
ity to carry on self-care activities within the confines of 
their home were the key expectations from our patient 
population. This could be attributed to the considerable 
support they get from their family and friends. Addition-
ally, due to limited digital literacy among this demog-
raphy, there is a higher dependence on younger literate 
relatives. Hence, involving family members was a unique 
component of our intervention compared to others 
reported in literature [18]. Further, after suture removal 
most individuals seek advice from local physiotherapists, 
who may not follow evidence-based protocols. There 
have been also instances of unqualified attendants being 
involved in rehabilitation and it is not uncommon for 
paid physiotherapists to visit the homes of patients every 
day for three months. Thus, the intervention intends to 
provide reliable and correct information for this popula-
tion and aid in continued communication, and progress 
monitoring.

Engagement with the TReAT app
For our intervention to successfully achieve its goal, con-
sistent engagement with the app functions by the HCP 
and the patient or family member will be crucial. These 
include, reading the education content, communicating 
through the messaging function, attending the remote 
consultation at the scheduled time, making use of the 
exercise videos as an aid for exercise performance and 
making entries in the diary to objectively view exercise 
compliance and recovery progress. There are several rea-
sons which could have led to suboptimal engagement in 
our pilot study. First, we enrolled all patients with smart-
phones irrespective of their digital literacy which affected 
their app usage. Hence, it is evident that while evaluating 

this intervention in a larger comparative trial, at the cost 
of generalisability, digital literacy will be a key inclusion 
criterion. Moreover, despite the remote support offered 
by the app, need for in-person physical support could 
have undervalued the other functions of the app such as 
monitoring progress and remote communication. This 
could be addressed by further explaining the benefits 
of various components of this intervention rather than 
focusing only on the exercise component. For HCPs, the 
need to have another device where the app was installed 
and poor engagement from the patients’ end could have 
reduced the HCP’s engagement with the app. In the 
updated version of the app, the video calling feature will 
be inbuilt within the app, to reduce using third party 
sources such as WhatsApp that may divulge the phone 
numbers of the HCPs. Making the app compatible for 
iOS will also help in increasing the reach of this interven-
tion among varied smartphone users. Additionally, HCPs 
found scheduling time for teleconsultations alongside the 
routine hospital work to be challenging. We believe this 
is dependent on the motivation levels of the participating 
physiotherapist and their buy-in for this approach will 
be required. Ensuring patients and family members are 
familiar with app navigation before discharge to home, 
providing a physical copy of education materials along-
side the electronic version in the app, motivating patients 
to engage with the education materials and convincing 
them of the importance of e-diary will be key require-
ments during implementation of the trial.

Strengths and limitations
Several frameworks have been proposed to aid design of 
technology-based interventions [32, 51] that can facilitate 
replication of successful mHealth behaviour change inter-
ventions in varied contexts. However, only few studies have 
provided adequate description of behavioural theory and 
frameworks that formed the basis of the intervention com-
ponents [52, 53]. Adopting a multidisciplinary systematic 
iterative approach and engaging end users for feedback were 
the key strengths of our study. However, there were several 
limitations in the approach we used. One of the limitations, 
was that patients and family caregivers were engaged only 
in the later stages of the development (clickable prototype) 
rather than involving them in co-designing the interven-
tion components. This was due to feasibility issues asso-
ciated with approaching participants seeking treatment 
from a publicly funded tertiary care busy hospital. It was 
challenging to coordinate the place and time availability of 
various stakeholders that was required for co-designing. 
We did not explore the feasibility of having an online co-
design workshop. Additionally, due to the lack of cross- cul-
tural validated tools for objectively measuring usability and 
acceptability, we did not use quantitative scores for usability. 
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The self-reported extent of use could have introduced some 
bias especially for functions that could not be confirmed 
from the app analytics. For example, viewing the videos 
and reading the knowledge materials. Further, behaviours 
such as promoting physical activity and reducing seden-
tary behaviour were also important long-term outcomes 
that emerged from the literature review. However, for the 
current study we focussed on adherence to rehabilitation 
protocols as the main behaviour which is relevant in the ini-
tial months of recovery. Finally, even though the study was 
performed at a public tertiary care referral hospital with a 
diverse patient population, testing the application in a pri-
vate healthcare setup would have provided information 
from a different sociodemographic profile.

Further initiatives
The pilot testing in real-life setting gave very useful insights 
for improving the features as well as to identify implemen-
tation challenges prior to conducting the randomised con-
trolled trial for evaluating clinical and cost effectiveness of 
this rehabilitation strategy. While both end-users found 
the app useful, digital literacy was the single most impor-
tant factor that determined the extent of use by patients 
and family members. Integration of remote consultations 
with routine activities will require change at a higher level 
in the hospital administration. To get their buy-in we need 
to first show some clinical benefit and higher patient satis-
faction. Hence, when we evaluate the intervention, we will 
also measure several of the process indicators related to 
context, reach, fidelity, and acceptability of the intervention 
that will inform scope for further scalability. The scope for 
addition of intervention components to promote physical 
activity and reduce sedentary behaviour in this population 
and wearable sensors for gait analysis during remote moni-
toring will require further formative work.

Conclusion
The components of this mHealth intervention have been 
developed to suit the local needs and feasibly address the 
current gaps existing in rehabilitation care. Evaluation 
using a randomised controlled trial will generate crucial 
evidence on effectiveness, usability, and acceptability of 
such a strategy which is currently missing in the context of 
LMICs.
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