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Abstract 

Background: Approximately 1 in 5 patients feel unsatisfied after total knee arthroplasty (TKA). Prognostic tools may 
aid in the patient selection process and reduce the proportion of patients who experience unsatisfactory surgery. 
This study uses the prognostic tool SMART Choice (Patient Prognostic Tool for Total Knee Arthroplasty) to predict patient 
improvement after TKA. The tool aims to be used by the patient without clinician input and does not require clinical 
data such as X-ray findings or blood results. The objective of this study is to evaluate the SMART Choice tool on patient 
decision making, particularly willingness for surgery. We hypothesise that the use of the SMART Choice tool will influ-
ence willingness to undergo surgery, especially when used earlier in the patient TKA journey.

Methods: This is a multicentred, pragmatic, randomised controlled trial conducted in Melbourne, Australia. Partici-
pants will be recruited from the St. Vincent’s Hospital, Melbourne (SVHM) Orthopaedic Clinic, and the client base of 
HCF, Australia (private health insurance company). Patients over 45 years of age who have been diagnosed with knee 
osteoarthritis and considering TKA are eligible for participation. Participants will be randomised to either use the 
SMART Choice tool or treatment as usual. The SMART Choice tool provides users with a prediction for improvement or 
deterioration / no change after surgery based on utility score change calculated from the Veterans-RAND 12 (VR-12) 
survey. The primary outcome of the study is patient willingness for TKA surgery. The secondary outcomes include 
evaluating the optimal timing for tool use and using decision quality questionnaires to understand the patient experi-
ence when using the tool. Participants will be followed up for 6 months from the time of recruitment.

Discussion: The SMART Choice tool has the potential to improve patient decision making for TKA. Although many 
prognostic tools have been developed for other areas of surgery, most are confined within academic bodies of work. 
This study will be one of the first to evaluate the impact of a prognostic tool on patient decision making using a pro-
spective clinical trial, an important step in transitioning the tool for use in clinical practice.

Trial registration: Australia and New Zealand Clinical Trials Registry (ANZCTR) - ACTRN 12622 00007 2718. Prospec-
tively registered – 21 January 2022.
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Background
Knee osteoarthritis (OA) is a progressive and debili-
tating condition for sufferers. Pain and stiffness are 
common presenting complaints. Without adequate 
intervention, functional decline and even complete loss 
of independence can occur [1]. Lifestyle modification, 
analgesia and physiotherapy comprise the core of non-
operative management [2]. In certain situations, intra-
articular injections may delay the need for surgery [3, 
4]. Failing nonoperative management, the definitive 
treatment option for knee OA is total knee arthroplasty 
(TKA) [5].

Based on registry studies, TKA is generally regarded as 
a successful procedure [6, 7]. The risk of adverse events 
associated with surgery is relatively low, and the prob-
ability of improving symptoms is relatively high [8, 9]. 
However, recent studies have reported that up to 20% of 
patients remain unsatisfied after TKA [10, 11]. For these 
patients, ongoing symptoms from TKA severely impact 
their quality of life [12, 13]. With a current trend towards 
more arthroplasty surgeries globally, the social and eco-
nomic impact of TKA dissatisfaction is a fast-growing 
problem [14].

To address this issue, solutions need to arise from 
multiple fronts. Improvements in surgical techniques 
and implant design seem to be the most obvious path 
forward. However, substantial progress has already 
been made from pioneers of the past. The trajectory of 
progress from technique and implant design alone is 
reaching a plateau [15, 16]. Furthermore, patients are 
dissatisfied despite what surgeons would perceive as 
successful surgery [17]. An alternative solution to TKA 
would be a completely new treatment for knee OA; a 
solution that addresses both the symptoms and natural 
history of the disease. Work is underway to experiment 
with biologic agents aimed at regenerating cartilage 
and bone [18–21]. However, this process is expensive 
and time consuming without any guarantee of success. 
Research must therefore explore complementary path-
ways to find solutions for TKA dissatisfaction.

One of these pathways is through improvement of 
patient-specific factors. The goal here is to optimise 
patients to become excellent surgical candidates. Prog-
nostic tools fit into this area of research. These are tools 
developed to predict surgical outcomes. This is clinically 
useful in two ways. First, if poor outcomes can be pre-
dicted before surgery, then patients can be stratified into 
groups based on risk. For high-risk patients, resources 
can be set aside to improve modifiable risk factors. This 
may optimise the patients for surgery. Second, prognostic 
tools can manage patient expectations through informed 
decision making. A patient who understands their poten-
tial outcomes may regress their expectations towards 

what is realistic for their circumstances. This is based on 
the understanding that a major driver of dissatisfaction 
is the imbalance between expected and actual outcomes 
[22, 23]. The premise is that prognostic tools can better 
align these two perceptions to improve patient satisfac-
tion and positively influence patient decision making 
around surgery.

The SMART Choice tool is a patient-focused prognos-
tic tool that predicts clinical outcomes after TKA. The 
term “patient focused” means that a patient can use the 
tool without the input of a clinician. This allows the tool 
to be used early in the patient TKA journey. The SMART 
Choice tool was developed using data from the St. Vin-
cent’s Melbourne Arthroplasty Outcomes (SMART) Reg-
istry– an extensive arthroplasty registry with over 14,000 
patients and more than 20 years of follow-up time [24]. 
From this data, the SMART Choice tool can predict the 
chance of success. The tool defines success as an improve-
ment in the health-related quality of life (HRQoL) utility 
score based on the previously calculated minimal clini-
cally important difference (MCID) [25]. With the use of 
this tool, patients can gain benefits through two path-
ways: 1) informed decision making for the patient, and 2) 
managing patient expectations in preparation for TKA.

The rationale for this study is to evaluate the SMART 
Choice tool in a pragmatic clinical environment. We aim 
to investigate the influence of the SMART Choice tool on 
patient decision making and the optimal timepoint to use 
this tool in the patient TKA journey. Willingness for sur-
gery is used as a proxy measurement for patient decision 
making because waiting for true occurrences of TKA 
would be unfeasible.

Methods
This protocol is published in accordance with the SPIRIT 
(Standard Protocol Items for Randomised Trials) guide-
lines [26]. Furthermore, the SMART Choice tool was 
developed in accordance with TRIPOD (Transparent 
Reporting of Multivariable Prediction Model for Indi-
vidual Prognosis or Diagnosis) Statement guidelines [27].

SMART Choice tool development
This tool is being developed using a combination of tra-
ditional statistical methods and machine learning algo-
rithms. Three thousand seven hundred fifty-five patients 
who underwent primary TKA procedures recorded on 
the SMART Registry between 2006 and 2019 will be 
analysed. Logistic regression, classification tree, XG 
boosted tree, and random forest models will be devel-
oped using sample splitting, 10-fold cross validation and 
bootstrapping techniques.  Predictors considered include 
age at surgery, gender, and Veterans-RAND 12 (VR-12) 
responses. The model will predict a probability score 
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(0–1) for improvement after TKA. From the probability 
score, participants will be stratified into deciles where 
the actual outcomes are reported as the output for the 
SMART Choice tool (Table 1).

Study design and setting
This is a prospective, pragmatic, assessor-blinded, supe-
riority randomised controlled trial evaluating partici-
pants who have been diagnosed with knee OA and are 
considering TKA. Participants will be recruited from 
two sources: St. Vincent’s Hospital Melbourne (SVHM) 
Orthopaedic Outpatient Clinic and HCF (private health 
insurance company) client base across Australia.

From the SVHM source, patients who have been 
referred to an orthopaedic surgeon for consideration 
for TKA will be targeted for recruitment. This informa-
tion can be found on clinic appointment lists in advance 
of 3 months. Patients who are referred to the clinic often 
wait up to 1 year to be seen by an orthopaedic surgeon. 
Following consultation, if deemed appropriate for sur-
gery, patients may wait for another 6–12 months before 
the surgery is performed. Often, patients who are seen at 
SVHM are already in the later stages of the TKA journey 
as a product of resource constraints and waiting lists at 
the hospital.

In comparison, patients from the HCF source are at 
various stages of the TKA journey. As expected, some 
patients may be very early in disease progression, with 
symptoms being adequately managed by their gen-
eral practitioner (GP). However, other patients may be 
more advanced in their disease progression and may 
have already made an application for TKA funding. 
Potential participants here will be recruited from inter-
nal advertising.

Having a diverse recruitment pool with patients at 
all stages of the TKA journey can help us evaluate the 
optimal timepoint for SMART Choice tool usage. We 
hypothesise that patients earlier in the TKA journey 
may be more open to decision making with considera-
tion of predicted outcomes. In contrast, patients who 
are further along the TKA journey may feel too invested 
for the tool to influence decision making around will-
ingness for surgery. The optimal timepoint for SMART 
Choice tool usage will be evaluated from a sub analysis 
of patients at different timepoints in the TKA journey.

Eligibility criteria
Inclusion criteria will be selected for the following 
participants:

• Diagnosis of knee OA and consideration of primary 
unilateral TKA

• Considering primary and unilateral TKA
• Have already trialled nonoperative management for 

their knee symptoms
• Are willing and able to use web or mobile phone-

based prognostic tool interfaces
• Able to provide informed consent to participate and 

available to be followed up for the duration of the 
study

The exclusion criteria were as follows:

• The source of knee symptoms are considered to be 
from any cause other than knee OA, e.g., rheumatoid 
arthritis, inflammatory arthritis, hip OA, referred 
lower back pain, etc.

Table 1 An example of probability score output from the SMART Choice tool development which correlates with a predicted outcome 
and actual outcome. The actual outcome within each decile will be reported to participants who use the tool. Final probability scores 
will be determined once the SMART Choice tool predictive model is finalised  

Decile Probability for Improvement 
(mean; range)

Predicted Outcome (n) Actual Outcome (n; %)

Improvement Deterioration/
No Change

1 0.315 (0.119–0.402) Deterioration/No Change (69) 24 (34.8) 45 (65.2)

2 0.456 (0.406–0.499) Deterioration/No Change (69) 29 (42.0) 40 (58.0)

3 0.535 (0.501–0.564) Deterioration/No Change (69) 29 (42.0) 40 (58.0)

4 0.586 (0.565–0.610) Deterioration/No Change (69) 37 (53.6) 32 (46.4)

5 0.632 (0.610–0.651) Deterioration/No Change (5) 1 (20.0) 4 (80.0)

Improvement (63) 44 (69.8) 19 (30.2)

6 0.669 (0.652–0.688) Improvement (68) 43 (63.2) 25 (36.8)

7 0.704 (0.688–0.725) Improvement (68) 50 (73.5) 18 (26.5)

8 0.742 (0.726–0.764) Improvement (68) 54 (79.4) 14 (20.6)

9 0.788 (0.764–0.812) Improvement (68) 57 (83.8) 11 (16.2)

10 0.845 (0.812–0.928) Improvement (68) 60 (88.2) 8 (11.8)
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• Are considering bilateral TKA, revision TKA, uni-
condylar knee arthroplasty, or patellofemoral arthro-
plasty

• TKA on the contralateral side
• Prior history of septic arthritis in the affected knee
• Significant bilateral knee symptoms
• Intra-articular injection in the affected knee within 

the last 3 months

Randomisation, allocation, and blinding
Participants will be randomly allocated in a 1:1 ratio into 
two groups: intervention and treatment as usual (TAU). 
Allocation will be performed using a computer-generated 
simple randomisation schedule of consecutive patients. 
The randomisation will be embedded into the web-based 
platform that hosts the study portal. All participants who 
meet the eligibility criteria will be randomised.

Due to the nature of the study, participants will remain 
unblinded from their allocation group. However, limited 
disclosure of allocation groups will be applied to prevent 
participants who are allocated to TAU from proactively 

seeking out online prognostic tools to use. Investigators 
(excluding research assistants who will not be involved in 
data analysis) will remain blinded to the allocation group 
and identity of patients until after final data analysis is 
performed. Surgeons will be blinded to the allocation 
group of their patients and will have no influence on the 
outcome of allocation or intervention.

Intervention and comparison groups
Participants in the intervention group will receive use 
of the SMART Choice tool at the beginning of the study, 
as outlined in Table  1. The tool uses patient-focused 
parameters, including age, sex, body mass index (BMI) 
and VR-12 survey, to predict the likelihood of improve-
ment after TKA. The predicted outcome is displayed in 
a format that is similar to the After My Surgery tool from 
the University of York [28]. This format uses a patient-
friendly output of how 100 patients who were similar to 
the user felt after TKA surgery (Fig. 1). All other aspects 
of the study for participants in the intervention group 
will be identical to the TAU group.

Participants in the TAU group will receive standard 
care for TKA consideration without SMART Choice 

Fig. 1 Screenshot of the After My Surgery tool for displaying predicted outcome after prognostic tool use. The SMART Choice tool will use a similar 
display format
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tool use. This includes clinic appointments, education 
packages, and booking/performance of TKA if clinically 
appropriate. TAU care will vary between institutions.

Outcomes
The primary outcome for this study is the impact of the 
SMART Choice tool on patient willingness to undergo 
surgery. This will be measured using a binary question 
asking the patient if they would be willing to have TKA 
due to their knee symptoms, as described in Table 2.

The secondary outcomes for this study include:

• Determining the optimal timepoint for prognostic 
tool use in a patient’s TKA journey to maximise the 
effect on willingness to undergo surgery.

• Determine whether there are differences in the effec-
tiveness of the SMART Choice tool when used in 
subpopulations such as sex, gender, and ethnicity.

• Understanding the user experience and effect on 
decision making of the SMART Choice tool through 
decision quality questionnaires.

Participant timeline and assessments
Participants who meet the eligibility criteria will be con-
tacted by the research team via email (Fig. 2). This email 
will contain a unique link to the study portal and partici-
pant access details, including participant username and 
password. On the study portal, participants will be able 
to read an electronic copy of the participant information 

sheet and consent form (PICF) and electronically sign the 
agreement to participate in the study. Once the PICF is 
signed, the participant is formally recruited to be part of 
the study. The study portal will have an in-built function 
to randomly allocate participants to an arm of the study: 
intervention or TAU group.

All recruited participants will be asked to complete 
a baseline questionnaire within the study portal. This 
provides an understanding of the participant’s general 
characteristics. The questionnaire will capture contact 
details, date of birth, sex, height, weight, comorbidities, 
medications (analgesia), smoking status, time with knee 
OA symptoms (years), previous nonoperative manage-
ment of affected knee OA symptoms, time with knee 
OA symptoms, consultation with an orthopaedic sur-
geon in the past, appointment to see an orthopaedic sur-
geon arranged, previous surgery, previous injury to the 
affected knee, and presence of contralateral TKA. The 
baseline questionnaire will also capture the VR-12 and 
the Euroqol 5 Dimensions 3 Levels (EQ-5D-3L) data to 
understand the baseline HRQoL utility score for each 
group.

For participants in the intervention group, the study 
portal will allow access to the SMART Choice tool and 
provide a predicted outcome for the participant. Inputs 
onto the tool will be captured electronically; however, 
the participant will have the option to download a copy 
of their results for personal reference. Participants in the 
TAU group will not have access to the SMART Choice 

Table 2 Schedule of Assessments (SoA)

See also Table 3 for definitions and timepoints. I = intervention group. TAU = treatment as usual group. X = participants in both intervention and treatment as usual 
groups 

SCHEDULE OF ASSESSMENTS

Enrolment Allocation to 
intervention

Post-allocation Close-out

TIME POINT tx t0 t1 t2 t3 t4 ty
ENROLMENT:
 Eligibility screen X

 Informed consent X

 Allocation to intervention X

ALLOCATION GROUPS:
 Intervention group (I) X

 Treatment as usual group (TAU) X

INTERVENTION:
 Prognostic Tool Use I

ASSESSMENTS:
 Baseline questionnaire X

 Willingness for surgery X X X X X

 Already proceeded with surgery X X X X

 Qualitative questionnaires X X



Page 6 of 12Zhou et al. BMC Musculoskeletal Disorders          (2022) 23:179 

tool or predicted outcome and will instead continue with 
the regular assessments for the remainder of the study.

Following the baseline questionnaire (or SMART 
Choice tool use for the intervention group), participants 
will be asked to complete regular assessments in accord-
ance with the Schedule of Assessments (Tables 2 and 3). 
This will consist of “willingness for surgery”, “already pro-
ceeded with surgery”, and decision quality questionnaires.

The initial assessment will be the first timepoint at 
which regular assessments will be performed. At the end 
of the initial assessment, participants will be thanked 
for their time and be reminded of follow-up. Partici-
pants will receive emails with access to the study portal 
at subsequent follow-up periods: 6 weeks, 3 months, and 
6 months after recruitment.

Willingness for surgery assessment consists of a sin-
gle binary question: “Are your knee symptoms so both-
ersome that you would be willing to undergo surgery if 
medically fit to do so? (Yes/No)” If yes, “In what time 
frame are you willing to have surgery?” [Time in months]. 
The purpose of this assessment is to evaluate whether the 
patient is still of the mindset to proceed with surgery.

Already proceeded with surgery assessment consists 
of a single binary question: “Have you already received 
a TKA for your knee symptoms? (Yes/No).” The purpose 
of this assessment is to 1) correlate true outcomes for 
willingness for surgery if applicable and 2) differentiate 
baseline HRQoL data between knee OA symptoms (if not 
proceeded with surgery yet) or TKA outcomes. This will 
not be asked at the initial assessment.

Fig. 2 Flow diagram describing the study procedure. SVHM: St. Vincent’s Hospital, Melbourne; HCF: Hospitals Contribution Fund Australia; VR-12: 
Veterans RAND-12; EQ-5D-3L: EuroQol 5 Dimensions 3 Levels; TAU: treatment as usual; K-DQI: Knee Decision Quality Instrument; SURE: decisional 
conflict screening tool



Page 7 of 12Zhou et al. BMC Musculoskeletal Disorders          (2022) 23:179  

Ta
bl

e 
3 

D
efi

ni
tio

ns
 fo

r S
oA

PI
S 

pa
rt

ic
ip

an
t i

nf
or

m
at

io
n 

sh
ee

t, 
CF

 c
on

se
nt

 fo
rm

, T
KA

 to
ta

l k
ne

e 
ar

th
ro

pl
as

ty
, O

A 
os

te
oa

rt
hr

iti
s, 

VR
-1

2 
Ve

te
ra

ns
-R

A
N

D
 1

2,
 E

Q
-5

D
-3

L 
Eu

ro
Q

ol
 5

 D
im

en
si

on
s 

3 
Le

ve
ls

, K
-D

Q
I K

ne
e 

D
ec

is
io

n 
Q

ua
lit

y 
In

st
ru

m
en

t, 
SU

RE
 

de
ci

si
on

al
 c

on
fli

ct
 s

cr
ee

ni
ng

 to
ol

Te
rm

s
D

efi
ni

tio
ns

Ti
m

e 
Po

in
t

t x
Ti

m
e 

at
 in

iti
al

 c
on

ta
ct

 v
ia

 e
m

ai
l w

ith
 P

IS
, C

F, 
an

d 
el

ig
ib

iil
ity

 s
cr

ee
n.

 If
 a

 p
at

ie
nt

 is
 

el
ig

ib
le

 a
nd

 c
on

se
nt

s, 
al

lo
ca

tio
n 

w
ill

 im
m

ed
ia

te
ly

 fo
llo

w
 th

is
 ti

m
e.

t 0
Ti

m
e 

at
 a

llo
ca

tio
n 

w
ith

 in
iti

al
 c

on
cu

rr
en

t a
ss

es
sm

en
ts

.

t 1
Im

m
ed

ia
te

ly
 a

ft
er

 a
llo

ca
tio

n,
 fo

r p
ro

gn
os

tic
 to

ol
 u

se
 in

 TA
U

 g
ro

up
.

t 2
6 

w
ee

ks
 a

ft
er

 in
iti

al
 a

ss
es

sm
en

t  (
t 0)

t 3
12

 w
ee

ks
 a

ft
er

 in
iti

al
 a

ss
es

sm
en

t  (
t 0)

t 4
6 

m
on

th
s 

af
te

r i
ni

tia
l a

ss
es

sm
en

t  (
t 0)

t y
Ti

m
e 

at
 s

tu
dy

 c
lo

su
re

 fo
r i

nd
iv

id
ua

l p
ar

tic
ip

an
t. 

Th
is

 s
ho

ul
d 

be
 e

qu
al

 to
  t 4 i

f a
ll 

as
se

ss
m

en
ts

 a
re

 c
om

pl
et

ed
 o

n 
sc

he
du

le
.

Ba
se

lin
e 

Q
ue

st
io

nn
ai

re
Q

ue
st

io
nn

ai
re

 fo
r a

ll 
pa

tie
nt

s 
w

ho
 h

av
e 

be
en

 a
llo

ca
te

d 
in

 th
e 

st
ud

y.
 S

am
e 

fo
r a

ll 
gr

ou
ps

. C
ap

tu
re

s 
ba

si
c 

de
m

og
ra

ph
ic

 d
at

a 
as

 w
el

l a
s 

qu
es

tio
ns

 a
bo

ut
 p

re
vi

ou
s 

kn
ee

 tr
ea

tm
en

t a
nd

 s
ur

ge
ry

. T
hi

s 
se

ct
io

n 
w

ill
 a

ls
o 

ca
pt

ur
e 

ba
se

lin
e 

he
al

th
-r

el
at

ed
 q

ua
lit

y 
of

 li
fe

 th
ro

ug
h 

th
e 

VR
-1

2 
an

d 
EQ

-5
D

-3
L.

W
ili

ng
ne

ss
 fo

r S
ur

ge
ry

Th
is

 a
ss

es
sm

en
t a

sk
s 

th
e 

qu
es

tio
n 

"A
re

 y
ou

r k
ne

e 
sy

m
pt

om
s 

so
 b

ot
he

rs
om

e 
th

at
 y

ou
 w

is
h 

to
 u

nd
er

go
 s

ur
ge

ry
 if

 m
ed

ic
al

ly
 fi

t t
o 

do
 s

o?
" Y

es
 /

 N
o.

 If
 y

es
, "

In
 w

ha
t 

tim
e 

fra
m

e 
ar

e 
yo

u 
w

ill
in

g 
to

 h
av

e 
su

rg
er

y?
" [

Ti
m

e 
in

 m
on

th
s]

.

A
lre

ad
y 

Pr
oc

ee
de

d 
w

ith
 S

ur
ge

ry
Th

is
 a

ss
es

sm
en

t a
sk

s 
th

e 
qu

es
tio

n 
"H

av
e 

yo
u 

al
re

ad
y 

re
ce

iv
ed

 a
 T

KA
 fo

r y
ou

r k
ne

e 
sy

m
pt

om
s?

" Y
es

 /
 N

o.
 T

he
 p

ur
po

se
 fo

r t
hi

s 
as

se
ss

m
en

t i
s 

to
 1

) c
he

ck
 if

 th
e 

pa
tie

nt
 h

as
 u

nd
er

go
ne

 T
KA

, a
nd

 2
) o

ut
co

m
e 

al
ig

ns
 w

ith
 th

ei
r w

ill
in

gn
es

s 
fo

r s
ur

ge
ry

 re
sp

on
se

.

Q
ua

lit
at

iv
e 

Q
ue

st
io

nn
ai

re
s

Th
is

 a
ss

es
sm

en
t c

on
si

st
s 

of
 K

-D
Q

I (
de

ci
si

on
 q

ua
lit

y)
 a

nd
 S

U
RE

 (d
ec

is
io

na
l c

on
fli

ct
) t

oo
ls

.



Page 8 of 12Zhou et al. BMC Musculoskeletal Disorders          (2022) 23:179 

All participants in the intervention group will be sent 
two additional decision quality questionnaires via email 
at the time of their final assessment (6 months after 
recruitment). These questionnaires have been validated 
from previous research to produce discriminatory and 
reproducible results [29, 30]. The addition of these ques-
tionnaires will provide a cross-sectional understanding 
of how useful the SMART Choice tool was for patient 
decision-making.

The first questionnaire is the “Knee Osteoarthritis 
Decision Quality Instrument” (K-DQI) [29]. This ques-
tionnaire is specific for patients who suffer from knee 
osteoarthritis. The questionnaire aims to assess:

– Which aspects of decision-making matter most to 
the patient

– How well the patient is understanding the informa-
tion provided, and

– The level of communication between the patient and 
clinician prior to decision-making.

The second questionnaire is a short screening tool to 
assess decisional conflict [30]. It consists of four binary 
items using the acronym “SURE” (Table 4).

If a patient answers “no” to 1 or more questions, then 
the screen is considered positive for decisional conflict. 
Understanding decisional conflict is important to ensure 
that the information provided by SMART Choice is pre-
sented with clarity and aids the overall experience for 
patients on their TKA journey.

All participants will have free access to the SMART 
Choice tool at the completion of the study period.

Sample size and recruitment
Previous studies have estimated baseline willingness for 
surgery in TKA candidates to be approximately 70% [31]. 
With the use of first-line interventions, such as therapy 
groups, willingness to undergo surgery was reported to 
decrease by 35% at 12 months [32]. We expect our cohort 
to have a lower baseline willingness for surgery, consid-
ering that we will have a significant proportion of par-
ticipants recruited at the earlier (and less severe) stage 
of knee OA. We also expect our tool to have a greater 
impact on willingness to undergo surgery, especially for 
participants who were earlier in the TKA journey. To 

detect an absolute change in willingness to undergo sur-
gery from 65 to 50%, a sample size of 169 participants 
in each arm was required based on calculations using a 
two-sided t-test at the 5% level of significance with 80% 
power. To account for a higher-than-expected loss to fol-
low-up proportion due to the online nature of the tool, a 
20% inflation of the sample size was added. This resulted 
in a target enrolment of 200 participants in each arm for 
a total sample size of 400 participants.

The sample size calculated is a feasible number to 
recruit because SVHM performs approximately 400 
TKAs each year, and HCF has approximately 50,000 
members with knee OA. We will aim to recruit 200 
patients from the SVHM cohort and approach a ran-
dom pool of 200 patients with knee OA from the HCF 
client database. Based on these calculations, we estimate 
that 6 months will be sufficient time for recruitment 
to be completed, with a total study time estimate to be 
21 months (Fig. 3).

Data collection and management
The SMART Choice tool will be housed on a secure web-
based platform accessible by participant account creden-
tials only. Data captured from the SMART Choice tool 
will be linked with a participant account and deidentified. 
Regular assessments will be completed electronically via 
a secure online study portal using the same participant 
account credentials. All data will be entered electroni-
cally onto the database software REDCap (Research Elec-
tronic Data Capture). Hardcopy data for participants who 
require mail delivery will be entered manually onto RED-
Cap by a research assistant. Access to the REDCap data-
base will be restricted to researchers with staff credentials 
who are directly involved with the project. The data serv-
ers will be housed in secure facilities at SVHM and The 
University of Melbourne for participants recruited from 
SVHM and HCF, respectively. All data servers will be 
physically located in Australia to comply with local pri-
vacy laws and regulations. Hardcopy data will be kept in a 
secure facility with electronic swipe card access at SVHM 
Clinical Sciences Building. Wireless network access is 
encrypted using secure enterprise WPA2 encryption. All 
data will be retained for a period of 7 years from comple-
tion of the study and then destroyed permanently.

Table 4 Binary items used in the SURE screening tool to assess decisional conflict
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Statistical plan
Willingness to undergo surgery will be evaluated by 
intention-to-treat analysis. Although there is no risk 
that participants in the TAU group will use the SMART 
Choice tool, there is a possibility that participants in the 
TAU group may seek alternative prognostic tools online. 
Limited disclosure in the consenting process will help to 
reduce participants who use alternative tools. Second-
ary analysis will assess the optimal timepoint for SMART 
Choice tool use. Data on the timepoint each participant 
is along the TKA journey will help facilitate this. Lost-
to-follow-up participants will be included in the final 
analysis using multiple imputation methods. Categori-
cal outcomes will be compared between groups using 
chi-squared tests. Relative differences in proportions 
between the intervention and TAU groups will be calcu-
lated as a relative risk with 95% confidence intervals. If 
there was an imbalance in variables associated with will-
ingness and unwillingness to undergo surgery, logistic 
regression will be used to assess dichotomous outcomes 
and reported as odds ratios with 95% confidence inter-
vals. Analysis of continuous outcomes will be performed 
with 2-sample and 2-tailed Student’s t-tests. Similarly, if 
there is an imbalance in variables associated with willing-
ness and unwillingness to undergo surgery, continuous 
outcomes will be assessed using linear regression. We 
will employ a research assistant to support a high follow-
up proportion of patients with respect to completing reg-
ular assessments, with a feasibility target of greater than 
85%. All statistical analyses and model building will use 
RStudio software with the “tidyverse” packages.

Ethics, registration and dissemination
This study has been approved by the Human Research 
Ethics Committees at both St. Vincent’s Hospitals, Aus-
tralia (HREC 285/21), and The University of Melbourne 
(2021–23,157–24,025-2). This includes the questionnaire 
data for SMART Choice user experience. The University 
of Melbourne ethics approval pertains to participants 
recruited from the HCF cohort. Modifications to the 
protocol that impact the study procedure or analysis 
will be amended on both the protocol and the ethics 
application. The study has also been prospectively reg-
istered with the Australian and New Zealand Clinical 
Trials Registry (ACTRN12622000072718). There are no 
restrictions on the dissemination of results for this study, 
apart from acknowledgement of funding from the HCF 
Research Foundation. We plan to disseminate the results 
through peer-reviewed publications and conference 
presentations.

Discussion
SMART Choice is not the first prognostic tool to be devel-
oped for use in TKA [33, 34]. However, to our knowl-
edge, this will only be the second clinical trial evaluating 
the effect of a prognostic tool on patient decision making 
in TKA [35]. This is an important milestone in the imple-
mentation of such prognostic tools in clinical practice. A 
significant barrier to widespread prognostic tool use is 
the lack of data validating the performance and influenc-
ing these tools on patients in a pragmatic setting. By the 
nature of prognostic tool development, validation is often 
limited to internal subsets used to test the predictive 

Fig. 3 Gantt Chart detailing the timeline of the study. ANZCTR: Australian and New Zealand Clinical Trials Registration
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model. The results from this trial will inform the arthro-
plasty community with evidence to support or refute the 
use of the SMART Choice tool in clinical practice.

We developed the SMART Choice tool with a patient 
focus in mind. Alternative prognostic tools have his-
torically skewed towards the surgeon or clinician as the 
preferred user [34, 36–44]. This included predictors that 
were difficult for patients to input, such as knee range of 
motion, Kellgren-Lawrence score for X-ray findings, and 
blood markers. The SMART Choice tool aims to simplify 
the predictive variables to those a patient can input with-
out clinician assistance. The rationale behind this design 
decision was based on our hypothesis that earlier use of 
prognostic tools in the TKA journey resulted in more 
influence on patient decision making. However, a major 
limitation of our prognostic tool design is the elimination 
of surgical and clinical factors that may have a bearing on 
the overall predictive outcome for TKA.

There are other important limitations to this study. 
Alternative prognostic tools for TKA, such as After My 
Surgery, are freely available for use on the internet [28]. 
Through participation in the study, participants may be 
incentivised to use alternative prognostic tools to com-
pare their TKA outcome predictions. Although limited 
disclosure consent will be used to minimise the risk for 
this, we expect some participants to still access alter-
native prognostic tools. The consequence of this prac-
tice may present as difficulty isolating the results of this 
trial to the SMART Choice tool. An additional limita-
tion stems from the expectation that participants who 
are considering TKA are generally in the older age cat-
egory. The heavy reliance on technology in this study 
using study portals and online SMART Choice tool plat-
forms may be seen as a barrier to participation. Nonethe-
less, we maintain an online approach for this study, as it 
reflects the pragmatic environment within which future 
usage of these tools are likely to exist. In addition, the 
decision quality questionnaires of the study will help us 
understand the user experience and how the tool works 
to change patient expectations around surgery. Further-
more, as a nested qualitative study, we will conduct semi-
structured interviews to evaluate the patient experience 
when using the SMART Choice tool. Consequently, this 
will aid improvements in future versions of the tool.

In summary, we believe our study sets the framework 
for transitioning the SMART Choice tool as an academic 
body of work into a clinically usable prognostic tool. With 
the shifting paradigm in surgery towards “individualised 
care”, the SMART Choice tool aims to provide patients 
with an individualised prediction for TKA outcome. 
With the use of this tool, the delicate balance of surgical 
decision-making swings towards patients who can make 
more informed decisions about their own healthcare 

needs. Concurrently, clinicians can use this tool to help 
patients readjust their expectations prior to surgery. 
Future work in the field of predictive technologies will 
likely require a high level of scrutiny through clinical tri-
als. Our study is an early step towards progressing the 
SMART Choice tool to be implemented in routine clinical 
practice.
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