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Abstract

Ankle fractures are common injuries that can significantly impact mobility and quality of life. Rehabilitation following ankle
fracture treatment is crucial for recovery, yet adherence to regimens remains a challenge. Behaviour Change Techniques
(BCTs) have been suggested to improve adherence, but their effectiveness in ankle fracture rehabilitation is not well estab-
lished. This review aimed to evaluate the effectiveness of BCTs in the rehabilitation of ankle fracture patients. We conducted
a comprehensive search across multiple databases, including MEDLINE and EMBASE, focusing on Randomised Controlled
Trials (RCTs) that incorporated BCTs into rehabilitation interventions. The effectiveness of BCTs on patient-reported out-
comes (PROMs), quality of life, and adverse events was analysed. Nine RCTs met the inclusion criteria, encompassing a
range of interventions that employed BCTs, most commonly including goal setting and instruction on how to perform behav-
iours, specifically physiotherapy exercises. The review found limited evidence supporting their effectiveness in improving
PROMs. Only one study showed a significant positive effect, but it was deemed at high risk of bias. The lack of integration
of behavioural theory in the design of rehabilitation interventions and the varied nature of the BCTs employed across stud-
ies may contribute to these findings. The use of BCTs in ankle fracture rehabilitation is prevalent, but this review highlights
a significant gap their role of enhancing patient outcomes. Future research should incorporate a theory-based approach to
intervention design, utilising a broader range of BCTs, to fully evaluate their potential in improving rehabilitation adherence
and outcomes following ankle fracture .
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function following surgical fixation [7]. Post-operative reha-
bilitation is one of the most heavily researched aspects of
ankle fracture care, focusing chiefly on comparing device,
manual or exercise therapies, and weight bearing strate-
gies [8]. There is growing acknowledgement that promot-
ing self-management with ankle exercises and adherence to
physiotherapy regimens may improve outcomes. A recent
meta-analysis conducted by Smeeing 2015 [9] illustrated
that initiation of active ankle exercises and early weight
bearing in the post-operative period was associated with
an accelerated return to work and daily activities compared
to patients with prolonged immobilisation strategies. The
central issue is that many perceive that physiotherapy treat-
ment only occurs during the physiotherapy clinic. The chal-
lenge remains to encourage patients to engage and continue
physiotherapy regularly at home, for which there are various
barriers such as anxiety, stress, and low self-efficacy [10].

Over the years, behaviour change theory has grown in
popularity and a range of strategies have been developed to
facilitate improved rehabilitation adherence in patients with
ankle fractures [11, 12]. Michie et al. 2013 [13] developed
the Behaviour Change Technique Taxonomy which consists
of 93 distinct behavioural change techniques (BCT) clus-
tered into 16 different groups. BCT is defined as an observa-
ble and reproducible component of a wider intervention that
aims to facilitate behaviour change [13]. These behavioural
interventions are proposed in the form of active ingredients.
Some examples of BCTs include goal setting (i.e. running
1 mile everyday), problem solving (i.e. identifying barriers
and creating strategies to overcome them), action planning
(i.e. a plan of performing ankle exercises every day before
going to work), and review of behaviour goals (i.e. assess-
ing performance in relation to initial goals and whether any
behavioural changes are needed) [13]. BCTs are beginning
to show efficacy in treating musculoskeletal conditions with
studies illustrating improved mobility and exercise adher-
ence in patients with musculoskeletal disorders, but it has
not been found to improve patient-reported outcomes. There
has been limited investigation of behaviour change tech-
niques in traumatic injury rehabilitation and none looking
at ankle fracture recovery [14].

Objectives
The primary aims of the systematic review are:

e To determine which behaviour change techniques (BCTs)
have been most commonly used in studies comparing
rehabilitation interventions after ankle fracture and deter-
mine which theories they are based on.

e To determine which BCTs are most effective in improv-
ing patient-reported outcomes after ankle fracture.
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Methods

The systematic review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) checklist [15]. A protocol for this system-
atic review was submitted to The International Prospective
Register of Systematic Reviews (PROSPERO) on the 18th
of March 2020 and was registered on the 9th June 2020
(PROSPERO: CRD42020170462) [16]. Medline, EMBASE,
CINAHL, PsycINFO, AMED, CENTRAL, PEDRO and
clinicaltrials.gov were searched from inception, using a
search strategy developed with an information specialist.
Searches were conducted on May 18th 2020 and repeated
on March 2nd 2024. The Medline search strategy is included
in the supplementary information and was modified for the
other databases under the direction of the information spe-
cialist. Reference lists of included studies were searched.
Unpublished and grey literature were not searched due to the
reporting detail required to accurately code BCTs.

Study selection

All titles and abstracts were imported to a reference manager
database, and duplicates were removed. The remaining titles
and abstracts were uploaded to Rayyan [17]. Two reviewers
(CB and FT) independently screened the titles and abstracts
against the inclusion criteria, scoring studies as "include",
"exclude", or "maybe". All studies scored as "include" by
either reviewer went forward for full-text review, and those
scored as "maybe" were resolved by discussion. A third
reviewer (XG) adjudicated any disagreement.

Eligibility criteria
Inclusion

e Prospective randomised control trials (RCT), including
pilot studies, that evaluated the effectiveness of BCTs
on operatively and non-operatively ankle or hindfoot
fractures in adult participants (aged 18 years or over)
were eligible. Studies comparing different rehabilitation
regimes against each other or against "usual care" were
included. The control group could include BCTs, but
the intervention group needed to incorporate additional
BCTs.

e The interventions were any rehabilitation method using
BCTs to improve patient-reported functional outcomes
after ankle fracture. Only BCTs that provided sufficient
detail of the components to allow them to be identified
from the BCT taxonomy were included [13]. Interven-
tions had to encourage active engagement for patients
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to continue the behaviour and not rely on the continued
physical presence of a trainer or healthcare professional.
The continued presence of peers or family support was
permitted.

Exclusion

e Non-randomised or quasi-randomised studies, protocols
or feasibility studies not reporting outcomes by treatment
group, observational studies, cross-sectional studies, case
series, case reports, abstracts, commentaries, and expert
opinion studies.

Outcome measures

The primary outcome was patient reported outcome meas-
ures (PROMs) of ankle or lower limb function. The second-
ary outcomes were quality of life and adverse events.

Information sources

Full texts were sought through multiple sources, including
OVID, PubMed, Search Oxford Libraries Online (SOLO),
Library Hub Discover and WorldCat. Full-text articles were
reviewed against the inclusion criteria. The intervention
descriptions were reviewed according to and after comple-
tion of the BCT taxonomy training package [13]. Supple-
mentary materials, protocols and intervention development
papers were reviewed to look for underpinning behavioural
theory and intervention descriptions for BCT coding.
Authors were contacted via email to obtain missing data.

Risk of bias assessment

The risk of bias was assessed using the Cochrane risk of bias
tool [18]. This included assessment of: sequence generation,
concealment of allocation, blinding, incomplete outcome
data, selective reporting, and other sources [18].

Analysis of studies

The review focused on describing the range of BCTs used
and their effectiveness. Studies were summarised accord-
ing to fracture location, management (operative vs non-
operative treatment) and additional, non BCT interventions
(e.g. immobilisation or weight-bearing restrictions). Studies
were grouped based on the BCTs employed (according to the
BCT taxonomy [13]) and where possible, their underlying
behavioural theory.

Summary measures and meta-analysis

Characteristics of studies were summarised as counts and
percentages for categorical data and means and Standard
Deviations (SDs) for continuous data. The Standardised
Mean Difference (SMD) for included studies with available
effect sizes and SDs were calculated and pooled using a
random-effects model. Heterogeneity was investigated using
12, with an 12 of equal to or under 75% used as the cut-off
for proceeding with meta-analysis [19]. Meta-analyses were
undertaken using RevMan v.5.4 (Cochrane Collaboration,
Vienna, Austria) and reported following PRISMA guidance.

A pre-planned sensitivity analysis included only studies
at low risk of bias for the primary outcome. A further post-
hoc sensitivity analysis was conducted to examine the risk
of adverse events in operatively treated ankle fractures only.

Certainty of evidence

The certainty of the evidence assessment was undertaken
using the Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach and summarised
using GRADEpro GDT Software [20, 21].

Results
Study selection

The search results returned 33,814 items, with 20,356
remaining after removing duplicates. After the abstract
screening, 158 full-text articles were sought. Sixteen
full-text articles were unavailable; in all cases, the items
were titles only and may have been excluded earlier in the
searches if abstracts were available for review. Fifteen of
the 16 unavailable items were published in non-English-lan-
guage journals, and 14 of the 16 were published pre-1990.
After exclusion criteria, nine studies remained and were
included in the final review. Figure 1 shows a PRISMA flow
diagram detailing the selection process, including reasons
for exclusion at full-text review.

Included studies and characteristics
Population and setting

Nine studies were included, which enrolled a total of 1,437
patients. Two took place in Australia [22, 23], two in Canada
[24, 25], two in Sweden [26, 27], two in the UK [28, 29],
and one in the Republic of Ireland [30]. Six studies focused
only on operatively treated ankle fractures [24-27, 29, 30]
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Records identified through Additional records identified
database searching through other sources
(n=33,813) (n=1)

Duplicates removed
(n=13,458)

Records screened
(n=20,356)

Full-text articles assessed for
eligibility
(n=158)

A 4

Studies included
(n=9)

Fig.1 PRISMA flow diagram of study selection

and three on non-operatively and operatively treated ankle
fractures [22, 23, 28]. No studies of hindfoot fractures met
the inclusion criteria.

Behavioural theory and interventions

No studies referenced behavioural theory in their interven-
tion design or description. Instead, BCTs were coded from
the published articles and protocols as described in the
methods section. The target behaviour in eight of the stud-
ies was ankle exercises [23-30]. In addition to the BCTs
used, five studies had additional, non-BCT interventions. In
four studies, the intervention group received some form of
removable splint, and the control group were immobilised in
a plaster cast [27-30]. In one study, the intervention group
was permitted early weight-bearing in a removable splint
and the control group had their weight-bearing restricted in
a plaster cast [26].
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Records excluded
- > (n=20,198)
Full-text articles excluded
(n=149)
> Not Available 16
Abstract 4
Commentary 7
Duplicate 5
Wrong 5
Population
Wrong Study 5
No Control 9
Feasibility Study 1
Protocol Study 56
Wrong Outcome 5
Not BCT 36

Eight studies compared one intervention group to one
control group [23-30]. One study, Moseley 2005 [22], con-
sisted of three groups: an exercise-only group, a short-dura-
tion stretch group (six minutes per day) and a long-duration
stretch group (30 min per day). For the meta-analyses, just
the long stretch group was compared to the control group
due to data availability. A summary of study characteristics
is provided in Table 2.

Behaviour change techniques

A total of 34 BCTs were coded throughout the nine included
studies, which included eight unique behaviour change tech-
niques. In six studies [24, 25, 27-30], "4.1 instruction on
how to perform a behaviour" was coded as the intervention
referring to a verbal or written instruction to perform ankle
exercises. Four studies [24, 28-30] combined this instruc-
tion with a specific, numeric daily exercise repetition goal
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and thus, "1.1 goal setting (behaviour)" was coded in addi-
tion. Furthermore, two studies [24, 30] reported that these
instructions were delivered by a dedicated physiotherapist
and so “9.1 credible source” was coded. Mayich 2013 [25]
also provided a leaflet with educational advice coded as “5.1
information about health consequences”. In Moseley 2015
[23], the control group received an exercise and advice leaf-
let provided by a physiotherapist in fracture clinic; accord-
ingly, the BCTs coded were "1.1 goal setting (behaviour)",
"4.1 instruction on how to perform a behaviour", and "9.1
credible source". The intervention group in addition under-
took a supervised physiotherapy programme. The additional
BCTs coded in the intervention group were "8.1 behavioural
practise/ rehearsal", "8.6 generalisation of target behaviour"
and "8.7 graded tasks". The coded BCTs in Moseley 2005
[22] include "1.1 goal setting (behaviour)", "4.1 instruction
on how to perform a behaviour", "8.1 behavioural prac-
tise/ rehearsal", "8.6 generalisation of target behaviour",
"8.7 graded tasks" and "9.1 credible source". In Nilsson
2009 [26], a physiotherapist-led training programme cen-
tred around ankle exercises led to BCT coding of "1.1 goal
setting (behaviour)", "4.1 instruction on how to perform a
behaviour”, "8.1 behavioural practise/ rehearsal”, "8.6 gen-
eralisation of target behaviour", "8.7 graded tasks" and "9.1
credible source". Additionally, "1.2 goal setting (outcome)"
and “5.1 information about health consequences” were also
coded for this study. Table 1 shows the most commonly
coded BCTs, with percentages corresponding to the pro-
portion of all studies using the stated BCT.

Risk of bias

A summary risk of bias table for all nine included studies is
provided in Fig. 2. Kearney 2021 [28], Moseley 2005 [22]
and Moseley 2015 [23] were judged as a low risk of selec-
tion and allocation bias. Nilsson 2009 [26] and Tropp 1995
[27] provided insufficient information and were therefore

Table 1 Summary of coded behaviour change techniques in included
studies

Behaviour Change Technique (BCT) N (%Y
4.1 Instruction on how to perform behaviour [22-30] 9 (100%)
1.1 Goal setting (behaviour) [22-26, 28, 29] 8 (89%)
9.1 Credible source [22-24, 26, 30] 5(56%)
8.1 Behavioural practice / rehearsal [22, 23, 26] 3(33%)
8.6 Generalisation of target behaviour [22, 23, 26] 3(33%)
8.7 Graded tasks [22, 23, 26] 3 (33%)
5.1 Information about health consequences [25, 26] 2(22%)

1.2 Goal setting (outcome) [26] 1(11%)

1% of all included studies using this BCT: they are not mutually
exclusive

=~ | Random sequence generation (selection bias)

=~ | Selective reporting (reporting bias)

=~ | Other bias

Dehghan 2016

Dogra 1999

AL L L IR I
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Mayich 2013

-

Moseley 2005

Moseley 2015

~ @ ® O @ ®| @ Alocation concealment (selection bias)
@ P P S ® @ @& @& | ® | slnding of participants and personnel (performance bias)

~ 99 0® |~
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-
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Vioreanu 2007 | @
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Fig.2 Risk of bias summary

judged as an unclear risk of bias. Dehghan 2016 [24] and
Dogra 1999 [29] were also judged as a low risk of selection
bias but did not describe the sequence generation process
and therefore were deemed as unclear risk. Mayich 2013
[25] and Vioreanu 2007 [30] incurred a high risk of selec-
tion and allocation bias as it used the odd / even hospital
number and date of birth method respectively for allocation.
All studies were judged as low risk of bias for blinding of
participants and personnel because it was determined that
the interventions (exercises and stretching) were unable to
be blinded. Dogra 1996 [29], Kearney 2021 [28], Mose-
ley 2005 [22], Moseley 2015 [23] and Nilsson 2009 [26]
were deemed at low risk of detection bias. On the contrary,
Dehghan 2016 [24], Dogra 1999 [29] and Tropp 1995 [27]
did not state who assessed outcomes and were deemed as
unclear risk, and Vioreanua 2007 [30] stated that "one of
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the authors" assessed clinical outcomes, so this was judged
to be at high risk of bias. Furthermore, Dehghan 2016 [24],
Dogra 1999 [29], Mayich 2013 [25], Moseley 2005 [22]
and Nilsson 2009 [26] had similar rates of dropout between
groups and > 85% follow-up rates and so were judged as low
risk of bias for outcome data. Tropp 1995 [27] and Viore-
anua 2007 [30] did not clearly report the completeness of
outcome data and so were judged as unclear risk of bias.
Moseley 2015 [23] and Kearney 2021 [28] were deemed as
low risk of bias for selective reporting, whilst the remaining
studies had an unclear risk. Kearney 2021 [28], Moseley
2005 [22] and Moseley 2015 [23] were judged as low risk
as no other important sources of bias were identified. While
Nilsson 2009 [26] had uncertainty around the randomisa-
tion process, there was adequate detail in the methods and
reporting to judge the study as low risk of other sources of
bias. The remaining studies were judged as unclear risk as
there was limited reporting of baseline characteristics and
outcomes to enable assessment.

Synthesis of results
Patient-reported outcomes

Six studies used a PROM of lower limb function as the
primary outcome. The primary outcome used by Moseley
2005 [22] and Moseley 2015 [23] was the Lower Extremity
Functional Scale (LEFS) at three months post-injury. The
primary outcome for Kearney 2021 [28], Nilsson 2009 [26],
Tropp 1995 [27] and Vioreanu 2007 [30] was the Olerud and
Molander Ankle Score (OMAS) at 16 weeks, six months,
12 months and 12 weeks, respectively.

The primary outcome for Dehghan 2016 [24] was return
to work, for Mayich 2013 [25] it was satisfaction with staff
and for Dogra 1999 [29] the primary outcome was not
stated. Dehghan 2016 [24] reported OMAS at six weeks
and three, six and 12 months postoperatively. Dogra 1999
[29] and Mayich 2013 [25] reported OMAS at 12 weeks and
three months post-operatively, respectively. Only Vioreanu
2007 [30] found a statistically significant difference in the
patient-reported outcome measurements, favouring the BCT
intervention group.

Meta-analysis of patient-reported functional outcomes

Four studies reported sufficient results to include and cal-
culate SMDs for patient-reported functional outcomes.
After contacting all authors, data for two further stud-
ies was obtained, bringing the total number of studies
included in the meta-analysis to six. Heterogeneity was
considerable, but within threshold when including all six
studies (I2=75%). When removing Vioreauna 2007 [30],
which was judged as high risk of bias, heterogeneity was
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reduced substantially (I2=0%). Of note, the mean OMAS
in both treatment groups in Vioreanu 2007 [30] was con-
siderably higher and the SD substantially lower than in
other published studies in this population [28, 31]. This
can be seen in Table 2. This may indicate that the patient
populations or conduct of the study were atypical.

The pooled SMD for Dehghan 2016 [24], Kearney
2021 [28], Moseley 2005 [22], Moseley 2015 [23], Nils-
son 2009, [26] and Vioreanu 2007 [30] was 0.22 (CI -0.06
to 0.49), favouring the BCT group (non-significant). A
forest plot is included in Fig. 3. There remained an insig-
nificant difference between the BCT (intervention) and
non-BCT (control) groups when Vioreanu 2007 [30] was
excluded: 0.07 (CI -0.06 to 0.20) in favour of the BCT
group (non-significant).

Meta-analysis of quality of life

Two studies reported a global quality of life score [23,
28]. Kearney 2021 [28] reported the EQ-5D-5L [32] at
16 weeks and Moseley 2015 [23] reported the Assessment
of Quality of Life Instrument [33] at three months. Three
studies [24, 26, 30] reported the Short-Form 36 (SF-36);
this is split into a Mental and Physical component, and
combining them into a global score for meta-analysis is
not advised [34]. No significant differences were found
in the studies that reported SF-36, and only Nilsson 2009
[26] reported the mean scores with SDs in each group
(at 6 months) to enable inclusion in the meta-analysis.
For the purposes of the meta-analysis, the physical com-
ponent of the SF-36 was included, as physical quality of
life was prioritised for this review. The remaining studies
did not report a quality-of-life score [22, 25, 27, 29]. The
pooled standardised mean difference for Kearney 2021
[28], Moseley 2015 [23] and Nilsson 2009 [26] was 0.12
(CI -0.02 to 0.26) in favour of the BCT group (non-sig-
nificant). Figure 4 shows the forest plot for quality of life.

Meta-analysis of adverse events—all

Complications were noted in eight studies, with Moseley
2005 [22] finding no complications in study participants.
Dogra 1999 [29] reported a superficial wound infection, but
it was not specified which treatment group this occurred
in, so it was excluded from the meta-analysis. Commonly
reported complications throughout the studies included Deep
Vein Thrombosis (DVT) or Pulmonary Embolus (PE), infec-
tion or wound healing complications and re-operation. The
results of all complications are displayed in Fig. 5, reporting
a non-statistically significant risk ratio (RR) favouring the
control group of 1.11 (CI 0.89 to 1.40).



423

MUSCULOSKELETAL SURGERY (2024) 108:417-429

(9901 L%~
1D) 6°0 SOUISYIP UBIIA 'ON
20ATOAYH 1D SA Suo T
(9°€T AS) 8°S9 D+
‘(621 AS) §°69 :Buof 1f
‘(I'T1 dS) L9 M0Ys [
syiuowr ¢ ye SHHAT

par10dar 10U SOUISIP UBSIA
ON :0A10oyH "pariodar joN DL
‘parrodar JoN TE
syqpuowt ¢ 318 SYINO
(T9m
6'T- ID) 1°C 90UAISJIP ULd
ON
:0A1PH (€T AS) #'79 2D+
‘(P'TT dS) SH9 T
S3eam 91 18 SYVINO
par10dar 10U QOUAISIP UBSIA
ON] :9ATOPH
(pavrodarjou 0S) v'¢p “D4
‘(panodariou 0s) 79y “If
sqpuowr ¢ 18 SYINO

VIN

VIN

1jseld D4
QoeIq 9[qeAOWY T

jserd D4
19se1d s[qeaoway I

Suryojens
J10J [1U JNQq ‘SISTOIIXD APJUe
1oy pasn s1.Dg dwes Ay, : Dk
90INOS A[qIPAId |6
‘syse) papeas /'
‘INOTARYQQ
12318) JO UONESITRIAUAT 9'g
‘Tesreatarx
/asnoeld [eInoIAeydq 1°g
‘Ioraeyeq e uroyrod
0} MOY UO uononnsul '
‘(anor
-AeYaq) Sumos [eos 1°7 I+
Lol
soouanbasuoo
[)[eay JNoqe UOHBWLIOUI [°G
‘Imoraeyeq e urioyrod
0) MOY U0 uonINnsul [
‘(anor
-AeYQq) Sumes [eosd 1°7 I+

[
Inoraeyaq & wiojad
0) MOY UO uondnnsul 4
‘(anor
-ABYaq) Sumes [eosd 1°7 I+
[ D
Inoraeyeq e wojrad
0) MOY U0 uononnsul 4
‘(anot
-ABY2q) Sumas [eos3 1°7 I
jLrel!
90IN0S AQIPAId ['6

PAISAI[OP

jstderoyiorsAyd -iseo 1ayserd
Jo [eaowal 1)}y "weisoxd

Suryojens renuew pasiaredng

paIoAT[op IstdeIaylorsAyq

‘Aloaneradolsod syoam 9—¢

's9s1019%9 AderajorsAyd
puE Jnopuey [euoneonpy

nopuey [euoneoNpy
"$[Q9M ¢ JO WINWIIUIW B
10§ ‘K1981ms 10 Kinfur-)sod
SYQ9M Q ISIT,] "SISIOIAXS YUY

Aaanyeradoysod 4 woi
SOSIOIOXD
uonow Jo Aguel APUY

s1edk gt

D4 ‘s1eak /4 :3u0] [E
‘STRQK ¢ 1I0US [ :93® UBQIN

0S D ‘1S :SuoT [ ‘6F

110YS I :syuedronyed soimny

-oelj OpUe PAeAN A[oANR
-1odo-uopN pue A[eaneradQ

SIBOA 8¢ DL ‘sTeak 6°6¢ It
03¢ uevoIN

0T 04 ‘0t

It :syuedronred semjoery
apjue pajean AeaneradQ

sIeak 9t :93e UBIIN
vee 14 ‘see
1% :syuedronre ‘sarmjoery
Jpjue pajear Ajoanerado
-uoN pue A[eaneradQ

sIeak /7y :93e UBQIN

9z D4 ‘9C

I sjuedonaed -seinoely
p[ue pajean ApaneradQ

SIROK G’ [ (DL ‘STRA ['TH

LY ‘eIensny ‘00z AResoN

L1OY ‘epeue) ‘¢0T Yolke

L1O¥ N ‘120T Aouredy]

LO¥ 3N ‘6661 130

Pa110dal 10U SOUIIDYIP UL amd ‘Jase[d IorAetyeq e wiojrod 1% 98 ueo
ON :2A1924 (17 AS) 9S D+ D 0) MOY UO Uononnsul |4 paraAr[op IsiderayiorsAyg $6S D4 ‘96 T sjuedionreq
“(zz as) 9 1k qamd aurds ‘(anor ‘Aloanjerado-jsod syeom 9—¢ saInjoely
syluow ¢ 18 SYINO T -AeYaq) Sumas [eod 17 It SOSIOIOXI AP[UY op[ue parean ApAanerddg  LDY ‘epeue) ‘910g ueysyeqg
suor Jwreyy

9715 1091 / NO¥d

-UoAIUI J,D-UoU [RUOIPPY

sonbruyo9) oFueyd moraeyeg

Quwir} pue InoIAeydq J3Ie],

uonerndog

Sumes / Apmg

SIpN)s papnour Jo Arewwing ¢ ajqer

pringer

As



MUSCULOSKELETAL SURGERY (2024) 108:417-429

424

21008 [eUOTIOUN]

Aywanxy 10M0T :SAHT 91098 SP[UY ISPUBIO]N PUE PRIS[O :SYINO ‘[BHL PI[[0NU0) pastuopuey 1Y “(9ZIS 1094a) 20UIohIp usdw HIp uedJq ‘dnois jonuod ;D4 ‘dnoin uonuarsa] I,

pariodar Jou QOUAISJJIP UBSIA
SO

PPANYH (9°6 AS) T°18 D4

“(8'8dS) Te6 I

S¥oom 1 18 SYVINO

pariodar Jou QOUAISHIP UBIIA

ON] :2AND9YH partodarjoN D

‘paryrodar JoN :Ii

S¥oaMm (O] 18 SVINO

Pa110do1 10U S0USIIIP UBSIN
ON

:9A129H *(6°0T AS) §'€9 :D4

“(I'sTas) +'z9 1+

sypuowr 9 38 SYINO

Iy o
€'€- 1D) 1'0 9oUSILIP UBSN
ON
A9 (SET AS) €79 D4
‘(reras) €v9 1#
sypuowr ¢ 3e SHHT

Lo )
90IN0S A[qQIPAID
1°6 “JorAeyaq © uriojrad

19se[d D 0} MOV UO UOTJONISUT [*f

19)seyd o[qeaowray [+ ‘(101ARYQQ) SUMQS [RO3 T ¥

[l
191e[d 1D Jo1ABYQq & wojrod
ooelg [+  0) MOY UO UONONISUI [f %

[
90IN0S AqQIPAID 6
‘sy[se) papeis £°§ ‘InolAeyeq
1331e) JO UonESIRIoUag 9'g
‘Tesreayai/asnoeld [eor
-ABYq [ '8 ‘soouanbasuod
Y)[eay IN0QE UONBWLIOJUT [°G
‘I01ARYQq ® wIojr1ad 0) moy
Uo uonoONNSsul 4 (A0
-1no) Jumyes [eos 7' ‘(anor

V/N  -Aeyoq) Sumes [eo3 [T :[i

90IN0S J[qQIPAID [°6
‘morAeyaq e wiojod

0} MOY UO UOONNSUI |}
‘(anort

-AeyQq) Surpes [eod °1 D4

90IN0S JqQIPAID 6

‘syse) papeIs £'g
‘INOTARYQQ

ja31e) JO UONESI[RIOUAT 9'g
‘[esIeayal

/asnoeld [emoraeyoq 1°g
‘InorAeyeq e wioyrad

0} MOY UO UONoNNsul 4
‘(anort

V/N  -Aeyoq) Sumes [eo3 ['[ :[i

PAIQATIAD Iside
-1oy301SAyq "Afeaneradoisoq
SYOoM Q ISIL "SASIOIOXD AP[UY

pazoat[ap Isid
-eIOIOISAY{ ‘A[oanieradoisod
SY9oM Q ISIL] "SASIOIAXD AP[UY

paI1oAT[op IstderoyiorsAyq

‘(Ajoanyerado-1sod sAep ¢t

UBoU) IS JO [BAOWIAI
I9)JV "SOSIOIOXQ AP[UY

1S9 JO [BAOWIAT J)JY
‘wer3oid 9s1019%9 pasiaredng

s1edk 6'4¢
DL ‘s1eak 7€ i o3k ueon

6T D4 ‘€€

I sjuedonaed -seinjoely
Ipjue pajean AeaneradQ
SIeaA g7 :93e UBQN

SI:D4 61

I :sjuedonaed -seoely
Ipjue parean AeaneradQ

S189K 8 19[RWIO]
‘s1eaK /€ 9[BIA 938 UBS]A
86 D4 TS
It :syuedronred semjoery
apjue pajean AeaneradQ

sreak ¢ 1y

DL ‘s1eak () ¢ TE 10Tk uBo
801 :D4 “901
1% :syuedronred samjoery
apque pajean Ajeanerado

LOY ‘puefai]
Jo o1qnday ‘L0z NULAIOIA

LDV ‘Uspamg ‘G661 ddoif,

LOY ‘U3pPaMS ‘6007 UOSSIIN

-uoN pue AjeaneradQ DY ‘BIensny ‘G10g A9[OSON

9715 1091 / NO¥d

suor

-UoAIoUI ] DF-UoU [eUONIPPY  sonbruyoo) o3ueyd Inoiaeyog

Jwrely
Quir} pue InoIAeydq Ja3Ie],

uonerndog

Sumes / Apmg

(ponunuoo) zsjqey

pringer

AQs



MUSCULOSKELETAL SURGERY (2024) 108:417-429

425

BCT Non-BCT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dehghan 2016 62 22 49 56 21 51 16.0% 0.28 [-0.12, 0.67] -
Kearney 2021 64.5 22.4 260 62.4 23.4 242 21.6% 0.09 [-0.08, 0.27] N
Moseley 2005 65.8 12.9 45 65.8 13.6 46 15.5% 0.00 [-0.41, 0.41) ——
Moseley 2015 64.3 15.1 90 64.3 13.5 83 18.5% 0.00 [-0.30, 0.30] —
Nilsson 2009 62.4 25.1 50 63.5 20.9 55 16.3% -0.05[-0.43, 0.34] —_—
Vioreanu 2007 93.17 8.76 33 81.07 9.56 29 12.2% 1.31 [0.75, 1.86] —_—
Total (95% CI) 527 506 100.0% 0.22 [-0.06, 0.49] -
Heterogeneity: Tau® = 0.08; Chi’ = 20.08, df = 5 (P = 0.001); I = 75% =-2 -:l ) fl 25
Test for overall effect: Z = 1.52 (P = 0.13) Favours Non-BCT Favours BCT
Fig.3 A forest plot comparing patient-reported functional outcomes
BCT Non-BCT Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kearney 2021 0.73 0.177 259 0.702 0.198 241 64.2%  0.15[-0.03, 0.32] —
Moseley 2015 0.85 0.2 90 0.85 0.17 83 22.3% 0.00 [-0.30, 0.30] —
Nilsson 2009 45.4 10.6 50 43.7 11.1 55 13.5% 0.16 [-0.23, 0.54]
Total (95% CI) 399 379 100.0% 0.12 [-0.02, 0.26] s
Heterogeneity: Tau? = 0.00; Chi’ = 0.76, df = 2 (P = 0.68); I’ = 0% — — t +
Test for overall effect: Z= 1.63 (P = 0.10) 0.5 Favour(z.ilZn—BCI'OFavoursol.SZCSI' 0.5
Fig.4 A forest plot comparing quality of life
BCT Non-BCT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dehghan 2016 8 50 10 52 7.3% 0.83 [0.36, 1.94)
Kearney 2021 97 335 88 334 86.1% 1.10 [0.86, 1.40]
Mayich 2013 5 20 2 18 2.3% 2.25[0.50, 10.20] S —
Moseley 2015 1 90 2 83 0.9% 0.46 [(0.04, 4.99]
Nilsson 2009 4 50 1 55 1.1% 4.40 [0.51, 38.06) —
Tropp 1995 1 14 0 15 0.5% 3.20 [0.14, 72.62]
Vioreanu 2007 3 33 2 29 1.8% 1.32 [0.24, 7.35] -
Total (95% CI) 592 586 100.0% 1.11 [0.89, 1.40] &
Total events 119 105
ity: 2 - : Chi® = = = R= k + t J
Heterogeneity: Tau’ = 0.00; Chi’ = 3.88, df = 6 (P = 0.69); I = 0% 001 o1 o 100

Test for overall effect: Z = 0.92 (P = 0.36)

Fig.5 A forest plot showing the risk of adverse events

Post-hoc analysis: meta-analysis of adverse events—
operatively treated

On inspection of the complications in all studies (excluding
numbness), 94/136 (69.1%) were complications unique to
surgery, including infection, wound healing problems and re-
operation. Kearney 2021 [28] reported complications unique
to the surgical group, and so a revised meta-analysis includ-
ing only surgical complications from this study is provided
in Fig. 6 (which also excludes Moseley 2015 [23], which
reported operatively and non-operatively treated patients
together). Other complications that can occur in operatively
treated and non-operatively treated patients were not included
in the reporting. This is important to consider as these could
have a higher incidence in the control group. However, these
were similar in the BCT and non-BCT groups in Kearney 2021
[28], with identical rates of DVT, PE and complex regional

Favours BCT Favours Non-BCT

pain syndrome (CRPS), with one extra non-union in the BCT
group and four extra pressure sores in the non-BCT group. In
the revised meta-analysis, the RR for a complication occur-
ring was 1.70 (CI 1.16 to 2.50, p=0.007) for patients in the
BCT group.

Certainty of evidence
Figure 7 provides an assessment of the certainty of the evi-

dence for the reported outcomes using the GRADE approach
[21].

@ Springer
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BCT Non-BCT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dehghan 2016 8 50 10 52 20.6% 0.83 [0.36, 1.94] I
Kearney 2021 42 182 21 182 63.3% 2.00 [1.24, 3.24) <l
Mayich 2013 5 20 2 18 6.4% 2.25 [0.50, 10.20] N [
Nilsson 2009 4 50 1 55 3.2% 4.40[0.51, 38.06] ]
Tropp 1995 1 15 0 15 1.5% 3.00 [0.13, 68.26]
Vioreanu 2007 3 33 2 29 5.0% 1.32 [0.24, 7.35] S - T E—
Total (95% CI) 350 351 100.0% 1.70 [1.16, 2.49] R 2
Total events 63 36
ity: 2 = : Chi? = = = PR = k t t J
e s i = o= O
e s - Favours BCT Favours Non-BCT
Fig.6 A forest plot showing the risk of adverse events for operatively treated ankle fractures only
Question BCTs compared to non-BCTs in rehabilitation interventions to improve functional recovery after ankle fracture
Setting: Hospitals treating patients with ankle fractures
Bibliography: A systematic review of the effectiveness of behaviour change in rehabilitation interventions to improve functional recovery after ankle fracture
ot | e
= Certainty Importance
Ne f Ri k f Relati bsolut:
MW-
Reported F
6 randomised not not serious er not serious none 527 506 SMD @( )
triaI; serious ol setiois’ ol 0.22SD @ o O
higher
(-0.06
lower to
0.49
higher)
Quality of Life
& randomised not not serious er not serious none 349 324 SMD
trialé serious e se‘:iozs‘ i 0.11SD 6%90
higher
(-0.04
lower to
higher)
Adverse Events
6 randomised | gerious® | not serious very not serious none 63/350 36/351 RR1.70 | 72more [ OO0
trials serious® (18.0%) | (10.3%) (12._14%)(0 15:;0 Very low
(from 16
more to
153
more)

ClI: confidence interval; RR: risk ratio; SMD: standardised mean difference

Explanations

a. Included studies did not use behavioural theory and contained substantial non-BCT components

b. Most included studies were at unclear risk of bisk.

Fig.7 GRADE summary of findings

Discussion

There was low-certainty evidence from six studies [22, 23,
26, 28] that the use of BCTs did not significantly impact
patient-reported functional outcomes after ankle fracture.
Two of these studies [23, 28] also found that the use of
BCTs did not significantly impact participant’s quality of
life after ankle fracture. Nilsson 2009 [26] reported that
subjects under 40 years in the intervention group scored a
higher OMAS score than those above 40 years (P=0.028).
The typical physiotherapy interventions applied in ankle
fracture rehabilitation are generally not adapted towards
the needs of older adults [35]. It is not uncommon for
elderly patients to suffer from mobility and balance prob-
lems and tailoring physiotherapy interventions towards

@ Springer

these limitations, as opposed to routine ankle rehabilitation
exercises, can enhance their functional capacity [35-37].
This represents a wider issue across the current studies
assessing physiotherapy as a rehabilitative intervention,
and formulating an individualised regimen for each patient
based on their needs may lead to improved recovery out-
comes. Moreover, a statistically significant proportion of
patients in the control groups of Nilsson 2009 [26] and
Moseley 2015 [23] engaged in physiotherapy regimens,
independently of the trial, possibly interfering with the
aforementioned outcomes. However, post-hoc sensitivity
analysis by Moseley 2015 [23] revealed that control group
engagement in physiotherapy had no significant effect on
the overall effect.

The review demonstrated a lack of behavioural theory
used in the design of rehabilitation interventions after ankle
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fracture. Instead, the existing use of BCTs in this area cen-
tred around conventional methods of physiotherapy delivery:
instruction and encouragement to perform ankle exercises.
When developing a complex intervention, using a theory-
based approach can enhance outcomes as it allows for the
identification of the causal factors driving a particular behav-
iour, and this insight can subsequently be utilised to develop
interventions that target the aforementioned [38]. Studies
have highlighted variables such as low mood, low self-
efficacy, and inadequate social support are associated with
poor outcomes following surgery including chronic pain,
long-term unemployment, and ultimately a worse quality of
life [10, 39, 40]. Developing interventions that incorporate
BCTs focusing on these areas, for example, may enhance
their overall functional recovery, in comparison to exclu-
sively implementing physiotherapy interventions where,
as this review has found, effectiveness is unclear. Nonethe-
less, these conventional BCTs are also being used in current
musculoskeletal interventional studies [35, 41], reinforcing
their likely acceptability and indicating they could form the
baseline level of therapy in the design of future interventions
in this area. Ankle fracture rehabilitation could seek to build
on these and include a broader range of BCTs, which have
proven efficacious in non-acute musculoskeletal conditions
[42, 43].

Six studies [24-28, 30] demonstrated that the use of
BCTs significantly increased the risk of an adverse event
after operatively-treated ankle fracture (RR 1.7 (CI 1.16 to
2.49)). This equates to 72 more complications per 1,000
patients treated (16 to 153). However, this is unlikely to
represent an issue with BCTs because the studies had sub-
stantial non-BCT components, and five studies [24-27, 30]
were at unclear or high risk of bias, thereby hindering the
certainty of the observed outcomes. A systematic review
by Sernandez 2021 [44] illustrated that early initiation of
weight bearing and rehabilitation following operative ankle
fractures is safe as it was not associated with a significant
increase in complications in comparison to a delayed weight
bearing approach. However, immediate mobilisation of the
ankle may interfere with wound healing, and subsequently
increase the risk of wound-related complications [44].
Nonetheless, it does highlight a broader consideration for
the rehabilitation of patients after ankle fracture surgery.
There is a trend toward promoting earlier movement and
weight-bearing after ankle fracture surgery, with evidence
suggesting this leads to an earlier return to work and hobbies
[7, 24]. These early functional improvements may obscure
an increased rate of complications, particularly wound heal-
ing problems and infection. Most studies have been powered
to detect a change in PROMs, not complications [24, 35].
Thus, they may be insufficiently powered to detect signifi-
cant differences in adverse events. One study comparing
different immobilisation and weight-bearing strategies even

stopped recruitment early due to superior PROMs in the
early movement and weight-bearing group [45]. The largest
single study in this area inadvertently masked this issue by
combining operative and non-operatively treated populations
[24]. Future studies using BCTs to promote early movement
should look carefully at the risk of wound healing compli-
cations and consider including additional BCTs to enable
monitoring, detection and avoidance of these complications.

The systematic review has used a comprehensive tax-
onomy to identify and code BCTs [13]. This will enable
faithful replication of the behavioural components of the
interventions for other researchers in the future. The broad
search strategy also provides confidence that all relevant
studies, including a wide spectrum of possible rehabilita-
tion interventions, have been included.

The central limitation of this review is that it has been
unable to answer the research questions due to the lack of
behavioural theory used in the design of the included study
interventions, as discussed previously. This limitation is
the primary reason there is low certainty evidence for the
outcomes examined: there were substantial non-BCT com-
ponents testing different physiotherapy, immobilisation and
weight-bearing strategies rather than discrete, theory-based
BCTs. The interventions were designed to simply provide
instructions rather than influence the psychological motiva-
tions of participants to engage with the behaviours.

Conclusion

There were a range of BCTs identified in the rehabilitation
interventions of patients with ankle fractures. The most
commonly coded BCTs were: 4.1 instructions on how to
perform a behaviour and 1.1 goal setting (behaviour), both
of which are centred around the delivery of physiotherapy
exercises. The use of BCTs did not significantly improve
patient-reported outcomes in all studies, but one, which was
found to have a high risk of bias. The lack of behavioural
theory used in the design of rehabilitation interventions after
ankle fracture has limited the usefulness of this review to
meet the objectives. It highlights the need for more studies to
incorporate behavioural theory into interventions to improve
their effectiveness, and ultimately assess the true potential of
BCTs in the rehabilitation stage of ankle fractures.
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