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Abstract

Background: To aid design of exercise trials for people with pelvic and lower limb fragility fractures a systematic
review was conducted to identify what types of exercise interventions and mobility outcomes have been assessed,
investigate intervention reporting quality, and evaluate risk of bias in published trials.

Methods: Systematic searches of electronic databases (CENTRAL, MEDLINE, EMBASE, PEDro) 1996-2019 were
conducted to identify randomised controlled trials of exercise for pelvic or lower limb fragility fractures. Two
reviewers independently screened titles and abstracts. One reviewer extracted data, a second verified. Two
reviewers independently assessed risk of bias. Intervention reporting quality was based on TIDieR, assessed by one
reviewer and verified by a second. Narrative synthesis was undertaken. Registration: PROSPERO CRD42017060905.

Results: Searches identified 37 trials including 3564 participants, median sample size 81 (IQR 48-124), participants
aged 81 years (IQR 79-82) and 76% (2536/3356) female. All trials focussed on people with hip fracture except one
on ankle fracture. Exercise types focussed on resistance exercise in 14 trials, weight bearing exercise in 5 trials, 13
varied dose of sessions with health professionals, and 2 trials each focussed on treadmill gait training, timing of
weight bearing or aerobic exercise. 30/37 (81%) of trials reported adequate sequence generation, 25/37 (68%)
sufficient allocation concealment. 10/37 (27%) trials lacked outcome assessor blinding. Of 65 exercise interventions,
reporting was clear for 33 (51%) in terms of when started, 61 (94%) for where delivered, 49 (75%) for who delivered,
47 (72%) for group or individual, 29 (45%) for duration, 46 (71%) for session frequency, 8 (12%) for full prescription
details to enable the exercises to be reproduced, 32 (49%) clearly reported tailoring or modification, and 23 (35%)
reported exercise adherence. Subjectively assessed mobility was assessed in 22/37 (59%) studies and 29/37 (78%)
used an objective measure.

Conclusions: All trials focussed on hip fracture, apart from one ankle fracture trial. Research into pelvic and other
lower limb fragility fractures is indicated. A range of exercise types were investigated but to date deficiencies in
intervention reporting hamper reproducibility. Adoption of TIDieR and CERT guidelines should improve intervention
reporting as use increases. Trials would be improved by consistent blinded outcome assessor use and with
consensus on which mobility outcomes should be assessed.
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Background

Fragility fractures result from low-energy trauma, usually
a fall from standing height or lower. Each year 300,000
people attend UK NHS hospitals with a fragility fracture
related to bone insufficiency in older age [1]. This repre-
sents a major health, social and economic problem, with
an estimated annual cost of £1.8 billion [2]. Lower limb
fragility fractures can have a devastating impact, result-
ing in mobility problems and loss of independence [3].

A core component of rehabilitation after fragility frac-
ture is exercise prescription. A previous systematic scop-
ing review of exercise prescription for people with any
type of fragility fracture included studies up to 2009 [4].
While the scale of that review provided a comprehensive
overview of exercise interventions at the time, an up-
dated and more focussed systematic review was indi-
cated to inform the development of future interventions
for this patient group.

To the best of our knowledge no reviews to date have
examined the quality of intervention reporting in trials
involving people with lower limb fragility fractures. In
other areas of exercise rehabilitation, limitations in
reporting that prevent replication in other trials or im-
plementation into clinical practice have been identified
[5, 6]. It is therefore important to identify not only what
exercise interventions have been assessed but also to es-
tablish if reporting of lower limb fragility fracture trials
have similar issues in reporting quality, and if so, what
areas of reporting are in greatest need of improvement
to enable replicability and implementation. Exercise tar-
gets improvement in mobility after lower limb fragility
fracture and this is a core outcome domain in this pa-
tient group, [7] therefore it is also important to identify
what outcome measures have been used.

The overall purpose of our review was to provide
evidence to guide future exercise intervention devel-
opment and evaluation for people with pelvic and
lower limb fragility fractures and to highlight areas of
study design and intervention reporting that could be
enhanced to improve the quality, replicability and im-
plementation of future trials. Our aims were to iden-
tify the types of exercise interventions that have been
tested in randomised clinical trials, investigate the
reporting quality of exercise interventions, describe
which mobility outcome measures have been used,
and evaluate the risk of bias in the trial design and
conduct.

Methods

This systematic review was registered on the PROS-
PERO database (https://www.crd.york.ac.uk/prospero/
display_record.php? ID = CRD42017060905) and re-
ported according to PRISMA guidance [8].
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Eligibility

Types of studies

Randomised controlled trials or quasi-randomised con-
trolled trials were considered eligible.

Types of participants

Studies involving adults (50 years or older) within one
year of a pelvic or lower limb fracture initially treated
surgically or conservatively were included. Studies were
excluded if participants were younger (aged under 50
years old), unless separate data for older adults were
available, or the proportion of younger adults was small
(less than 10%) and, preferably, numbers balanced be-
tween the groups.

Types of interventions

Trials comparing different prescribed exercise regimes
against each other, or prescribed exercise versus a com-
parator intervention such as rest, immobilisation in a
brace, cast or splint, advice only, or ‘usual care’ were eli-
gible. Exercise prescription encompassed planned phys-
ical activity, exercise or active rehabilitation prescribed
by a physician, physical therapist or occupational therap-
ist, or other allied health professional [4].

Types of outcomes

We extracted data on which outcome measures of mo-
bility were used in the trials both in terms of subjectively
assessed measures of mobility (e.g. Lower Extremity
Functional Scale) and objective clinical measures of mo-
bility (e.g. timed walking tests). Duration and timing of
follow-up were also extracted.

Search strategy for identification of studies

We searched the Cochrane Central Register of Con-
trolled Trials (CENTRAL), MEDLINE, EMBASE, and
the Physiotherapy Evidence Database (PEDro). We did
not apply language restrictions to the searches. Studies
published in 1996 or later were included. Searches were
completed April 2019 and updated in MEDLINE and
EMBASE in July 2019. Reference lists of included tri-
als were checked for potentially eligible studies. An
example search strategy is available in the online
supplementary file.

Selection of studies

Two reviewers independently screened the titles and ab-
stracts using Covidence software (Covidence, Australia).
We obtained full reports of potentially eligible studies,
and both reviewers independently performed study se-
lection. If agreement was not achieved by discussion at
any stage, a third review author adjudicated. Articles for
inclusion were limited to those written in English and
published in academic journals.
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Data extraction

One author extracted data using a standard data extrac-
tion form and a second author checked the extracted
data against the source while tabulating the data. The
data extraction form was piloted and then modified. The
following information was systematically extracted: sam-
ple size, sample demographics (age, sex, injury charac-
teristics, time since injury), detailed descriptions of the
interventions (including setting, timing, care personnel
involved, training, equipment used, weight-bearing, pre-
scription of walking aids, and the type and prescription
of exercises used, and assessment of adherence), and the
specified mobility outcome measures.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of
bias using Cochrane’s Risk of Bias tool [9]. We used the
following domains: random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome
data, selective reporting. Disagreements were resolved by
discussion.

Intervention reporting

Reporting quality for the interventions was based on the
TIDieR [10] guidance for reporting complex interven-
tions. The quality of intervention reporting was assessed
by one reviewer and verified by a second reviewer. Dis-
agreements were resolved by discussion. The criteria for
the assessments are shown in Table 1.

Data synthesis

A narrative synthesis was undertaken and interventions
were grouped by exercise and fracture type. Characteris-
tics of studies were summarised as counts and percent-
ages for categorical data and medians with interquartile
ranges for continuous data.

Changes to protocol

The review focussed on intervention content and report-
ing quality as these have not been previously assessed in
sufficient detail to inform the design and conduct of fu-
ture trials. The originally planned focus on effectiveness
and quantitative meta-analysis was not conducted as this
became beyond the scope of resources for the study, and
effectiveness meta-analyses are available [11].

Results

Study selection and characteristics

Figure 1 outlines the identification, screening, and inclu-
sion of studies. Searches identified 6308 records. After
removal of duplicates, the titles and abstracts of 6016 re-
cords were screened. Of these, 184 full-text articles were
assessed, and 66 articles reporting 37 trials were eligible.
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Table 1 Intervention reporting assessment criteria based on
TIDieR [10] recommendations

Quality assessment criteria

Clear Necessary details reported

Unclear Some detail reported but did not

satisfy the criteria fully

Not reported No reference to the reporting

domain in study report(s)

Not applicable Reporting domain not applicable to

the exercise intervention described
Domain of intervention reporting

When after injury Intended or actual timing for the
start of the intervention after fracture

or surgery explicitly stated.

Location/s of where the intervention
took place. Reporting home, hospital,
rehabilitation centre was sufficient.

Where done

Who administered the intervention
(where applicable). Which recognised
health professionals (e.g.
physiotherapist/ physical therapist,
occupational therapist) or for non-
health professionals (e.g. administra-
tive staff, trainer) additional informa-
tion about training or expertise
required.

Who delivered

Group/individual Intervention conducted in a group,

individually, or both.

Duration of intervention Session duration (e.g. minutes) for
supervised sessions and period of
time over which intervention took
place (e.g. weeks). Session duration
of home programmes, and
supervised sessions where only one
exercise was performed and the
specifics of the exercise are outlined,
did not need to be reported.

How often the intervention was to
be completed over a specific period
of time i.e. the intended schedule.

Frequency of intervention

The exercises, sets and repetitions for
resistance exercises, duration for
aerobic exercises, and exercise
loading or intensity needed to be
described in sufficient detail, or a
reference provided that describes
these in sufficient detail, that would
allow the intervention to be
reproduced.

Specifics of exercise
prescription so would be
reproducible

Tailoring/modifications Any component of the intervention
was explicitly stated to be adapted
to the individual and how this was

achieved was explained.

Completed intervention sessions
expressed relative to the prescribed
number of sessions for either the
supervised or home component of
the intervention where applicable
e.g. 70% or 20/30, except pragmatic
studies where the number of
sessions was not prescribed but the
number of sessions received by
participants was reported.

Adherence
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Fig. 1 PRISMA flow diagram
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Characteristics of included studies

Of the 37 included trials, most were conducted in
Australia or the USA (18/37, 49%). Trial designs were
mostly parallel group (35/37, 95%) with two intervention
groups (31/37, 84%), see Table 2 for detailed study char-
acteristics. In total, 3565 participants were randomised
across the 37 trials, with a median sample size of 81
(IQR 48 to 124). In 32 trials that provided adequate
baseline characteristic data, participants were aged a me-
dian of 81 years (IQR 79 to 82) and 76% (2536/3356)
were female. All trials focussed on people with a hip
fracture except one ankle fracture trial [12] that reported
results for a subgroup of participants aged more than 50
years.

Interventions

A range of exercise types were assessed (see Tables 2
and 3), including 14 focussing on resistance exercise, five
on weight bearing exercise, 13 varied the dose of ses-
sions with health professions, and two each focussed on
treadmill training, timing of weight bearing, or aerobic
exercise. These main types of intervention were often

combined with other types of exercise, and compared to
diverse control interventions (see Table 3).

The setting of exercise intervention delivery was 11 for
inpatients, six for outpatients, 13 for community, six
were a combination, and for one trial it was unclear
what the setting was.

Outcomes

Subjectively assessed mobility outcome measures were
used in 22/37 (59%) studies and 29/37 (78%) used an ob-
jective mobility measure. There were no common out-
come instruments used across the trials. The most
frequently used instruments were the Timed Up and Go
test (11 trials) and gait speed (11 trials). The length of
follow-up was a median of 6 (IQR 2.5 to 12) months.

Risk of bias within included studies

Risk of bias assessments are shown in Table 4. Within
the limitations of reporting, it was judged that 30/37
(81%) trials had adequate sequence generation and 25/
37 (68%) had sufficient allocation concealment. 10/37
(27%) of trials were at high risk of bias due to a lack of
outcome assessor blinding.
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Table 2 Study characteristics Table 2 Study characteristics (Continued)

Characteristic Characteristic

Year published (N =37) Dose of sessions with health professional 13
1997-2001 3 Weight bearing exercise 5
2002-2006 12 Treadmill training, timing of weight bearing, 2
2007-2011 9 aerobic exercise
2012-2016 1 Setting of intervention (N =36)
2017-2019 5 Inpatient 1

Country (N =37) Outpatient 6
Australia 10 Community 13
USA 8 Combination 6
Sweden, UK 3 Subjective mobility outcomes (N = 22)
Norway 5 Hip fracture studies (N =21):
Canada, Egypt, Finland, Germany, Italy, . Harris Hip Score®, Physical Performance 3

and Mobility Examination, participant
self-reported/rated mobility (not a mobility
outcome questionnaire/scale)

Japan, Netherlands, Spain, Switzerland,
Taiwan, Thailand

RCT design (N =37)

Performance Oriented Mobility Assessment, 2
Parallel 35 Yale Physical Activity Scale, Clinician assessment
) of gait, Functional Ambulatory Categories
Factorial 2
Functional Status Questionnaire, Hip Rating 1
Cluster 0 Questionnaire, Nursing Home Life-Space
Other 0 Diameter, Disability Rating Index, Activity
Measure for Post-Acute Care, WOMAC,
Number of intervention groups (N =37) Assistance required for bed transfers, Modified
P 31 Functional Status Index, Modified Grimby Scale,
Harvard Alumni Physical Activity Index, Physical
3 3 Activity Scale for the Elderly, Part C of the National
4 3 Health and Nutrition Examination Survey,
International Physical Activity Questionnaire
Participants long-from, Assessment of gait using 5 items
Total all studies (median; IQR) (N = 36) 3565 (80.5; g?i?nizs &aééﬁi;ﬂiir;i?;g;:he Performance
475 to 123.5)
Age median (IQR) (N = 32) 80.75 (7929 Ankle fracture studies (N=1):
to 82.24) Lower Extremity Functional scale, International 1
Gender (male: female) (V = 32) 820: 2536 Physical Activity Questionnaire short-form

N ili N=2
Fracture types (N = 37) Objective mobility outcomes ( 9)

Hip fracture studies (N = 28):

Pelvic 0

Hip? 36 Timed Up and Go Test 11
Gai 1

Tibia (diaphysis/metaphyseal) 0 ait speed 0

Femur (diaphysis/distal metaphyseal) 0 6 min walk test /
Timed 6 m walk test 3

Knee 0

ANk 1 Modified Physical Performance Test, Short 2

nKie Physical Performance Battery, 10 m walk test,
Foot 0 cadence during timed 6 m walk test, number
) ) of steps during timed 6 m walk test, step
Mixture of lower limb fractures 0 length during timed 6 m walk test, timed stair
Orthopaedic management (N = 37) climbing
Surgical 30 2 min walk test, 10 min walk test, 10 min walk 1
) test with obstacles, 10 min walk test with

Conservative 0 cognitive task, daily walking distance, distance

Both ) walked during treatment, Lower Extremity Gain
Scale, 48 h step count, timed transfer lying to sitting,

Unclear 5 50 ft walk test, time to walk 10 ft and turn back

Exercise intervention '(ypeb (N=37) Ankle Fracture studies (N=1):

Resistance exercise 14 Gait speed 1



Keene et al. BMC Musculoskeletal Disorders (2020) 21:435

Table 2 Study characteristics (Continued)

Characteristic

Mixed subjective and objective mobility outcomes (N =4)
Hip fracture studies (N =4):

Modified lowa Level of Assistance Scale, Elderly 2
Mobility Scale

Ankle Fracture studies (N=0)

Duration of follow-up (longest time frame in each study) (N = 34)

0-6 weeks 7
> 6-16 weeks 9
> 16 weeks 18
Total median (IQR) (N =33) 6 (2510 12)
months

“Three participants (1 in the control group, 2 in the intervention group) did
not have a hip fracture but had elective hip surgery. These participants had a
recent injurious fall

P Mangione et al. 2005 is in 2 categories: ‘Resistance exercise’ and

‘Aerobic exercise’

“The Harris Hip score is not categorised as a Mixed mobility outcome as the
objective component of this outcome does not assess mobility

Reporting quality of interventions

Of the 37 included trials there were 65 different exercise
intervention groups and 16 non-exercise or inactive con-
trol comparator groups (see Table 5 for reporting quality
assessments). Of the 65 exercise interventions, reporting
was judged as being clearly described for 33 (51%) when
treatment started after injury, 61 (94%) for where it was
delivered, 49 (75%) for who delivered it, 47 (72%) on
whether delivered as group or individual, 29 (45%) for
the duration of the intervention, 46 (71%) for session
frequency, 8 (12%) for the full prescription details to en-
able the intervention to be reproduced, 32 (49%) clearly
reported tailoring or modification, and 23 (35%) re-
ported exercise adherence in the trial. Of the six com-
parator usual care exercise interventions, only one had
more than half of the intervention reporting criteria
assessed as being clear.

Discussion

A range of exercise types have been investigated for pel-
vic and lower limb fragility fractures, with most trials in-
vestigating resistance exercise or higher doses of
sessions with a health professional. To date deficiencies
in reporting of the exercise interventions hamper repro-
ducibility of the interventions, especially in terms of the
specific details on how exercises were prescribed.
Reporting of usual care exercise comparator interven-
tions was poor. Details on exercise prescription that
were most often missed related to the movements per-
formed in the exercises, sets and repetitions for resist-
ance exercises, duration for aerobic exercises, and
exercise loading or intensity. Adoption of the TIDieR
[10] checklist for reporting complex interventions should
improve reporting of future trials. TIDieR was published
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in 2014, prior to all but five of the 37 trials included in
this review. Supplementary use of the Consensus on Ex-
ercise Reporting Template (CERT) [49] is also indicated
as these guidelines additionally target the main deficien-
cies in reporting identified in our review. It is important
to recognise that the problems with exercise intervention
reporting in pelvic and lower limb fragility fracture trials
are consistent with other fields of rehabilitation so these
issues are not isolated [5, 6].

One key area of trial design and conduct that could be
improved upon in future trials is the blinding of out-
come assessors as this was inadequate in 27% of trials
and this could be rectified without significant additional
resource burden. Blinded outcome assessors are arguably
crucial given that the nature of exercise makes it self-
evident what intervention is being received, as reflected
in our finding that no trial had a low risk of bias assess-
ment for blinding of participants and personnel.

With one exception, all exercise trials for adults
with a pelvic or lower limb fragility fractures have
been focussed on hip fracture. There is a significant
burden from other non-hip fragility fractures as they
often require hospitalisation and result in long-term
disability, [50] therefore further research for people
with pelvic and other lower limb fragility fractures is
also needed. Even though most trials have focussed
on hip fracture, reflecting their proportionately
greater health and socio-economic impact, Sheehan
and colleagues [51] have highlighted that rehabilita-
tion trials in this patient group have underrepresented
participants with cognitive impairment and nursing
home residents, therefore trials focussing on other
populations are also indicated.

Previous reviews have included meta-analyses to assess
the effectiveness of different exercise interventions [11].
The pooling of outcomes from these trials could be
problematic in the context of the intervention hetero-
geneity and reporting quality limitations outlined in this
review. Dealing with heterogeneity in intervention com-
ponents is a common challenge in quantitative synthesis
of complex interventions. One approach that enables an
assessment of intervention components is meta-
regression, as employed by Diong and colleagues in a re-
view of hip fracture exercise trials, [52] however, there
was heterogeneity in the comparator interventions in
some of the pooled studies, and there is ongoing debate
as to what extent these analytical approaches manage
evident clinical variations in intervention components
that can interact [53].

Mobility-specific subjective and objective outcome
measures were included in 59 and 78% of trials respect-
ively but it is evident within our review that there is in-
consistency in the outcome instruments used. The
degree of heterogeneity in outcome measure instruments



Page 7 of 13

435

(2020) 21

Keene et al. BMC Musculoskeletal Disorders

[0€] 810T °[e 33 duodUOW

[67] €00 °[e 3@ @buig

[87] #00T °[e 32 uolbuLIBYS

[/7] 600 ‘|e 3@ A3|aso
[97] €00T "|e 39 uolbuLIdYS

(57 TLOZ [ 30 yBuls

[7Z] 910T e 19 weyze

[€7] #00T °|e 13 uosi1a13d

[¢7] #00T *|e 3@ 19pulg

[1Z] 20O |e 39 dlusay

[07] T00TZ 49neH
[61] LOOZ "1e 3@ [I3Y>UN

[71] S10T “1e 3@ A3jason

[81] LLOT "[e 32 seel||fs
[£1] T1LOT "[e 3° seey|As

[91] £661 “|e 39 uolbuLIdyS

[S1] 900T °Ie 33 J3|IIN
[71] 01L0Z "|e 19 suoibuepy
. [€1] S00Z °|e 3@ auoibuepy

ENBIEXCRIVEIVIE/eIV)

[euoIdUNY puB ‘AlljIqIXaly ‘DdurlSISal Bulieaq Blam patur

|0J3U0D 2ADeU|

|0J1U0D 2ANDRU|  3S12JaX3 Al|IgIXl) BuLieaq 1yblam-uoN

3512182 JUSWAAOW
|eUORDUNY pUE SDURISISA) Buleaq YBaM PRl 3S0P JaMOT

9SIDIX3 JUSWISAOW [euoRdUN) pue A)jiqixaly Buieaq 1ybIam-Uop

AdesapoisAyd Buipnppul aied [ensn

dIApe Alelalg

|01IUOD dAIDRU|

|0J3UOD SAIDRU| saibarens abueyd Inolreyag

9o110eid 3se1 aAnIubod pue AlAnDe [edIsAyd

9SIDJ9Xa 9dueled pue JusauaAOW [euondun4

2DIApE pue 3siDIaxa All|IgIxaly Bulieaq 1ybram-UuoN

|0J13UOD SAIIDRU|

|0J3U0D 2ANDeU|

|0J3U0D 2ANOEeU|

2DINPY uonuinu Aieyusws|ddng
SN3L

|0J3UOD aADeU| 9S12J9Xa DIqoJay

351D19X3 JUSWSAOW [PUOIIDUNY pue aduejeq Hulieaq 1ybiapn
3SI243X9 JUBLIBAOW [pUONIUNY pUD 22upipq bulIpaq 1ybia
SDIAPE PUB ‘9512J9Xd 9dUe|eg pUR DUBSIS) Buliead 1ybIap
SJIAPD pUD ‘35]219X9 9IUDIDG PUD 9IUDISISal bulpaq 1ybIap
95[2J9X ddURISISa) Bulleaq 1YbIapm

Ajuo asipiaxa adupjsisal bulpaq 1yblapm

9SIDI9X3 JUSWSAOUI [PUOIDUNY PUB DUR)SISa) Bulieaq 1yBlam asop JaybIH
9SI213%3 JUSLISAOWI [RUONRDUNY PUB 3dUe)SIsal Bupieaq 1YBIap

3S1219Xa JUBLBAOW [DUOHIUNY pUD 2UDISISal bulipaq 1ybia

S1USUOdWOD UORUSAISIUI [eUONdO X3|dWOD pUe ‘asDIaXe SDUB[eq PUB SDURISISSY
S1UUOdWOD UONUAAIRIUI [DUONAO X3]dWO0D pUD ‘35121aXa a2UDIDG PUD 3UDISISaY
s91691e415 9BUBD INOINBYSC PU ‘SSIDJXS JUSWSAOW [EUOIIDUNY PUB SDURISISY
5216210115 2bUDYD INOIADYQG PUD ‘3SI2JaXa JUdLISAOW [DUONIIUN) PUD 22UD]SISAY
9SIDJ9X3 2dUejeq pue DIqoIsR ‘9dURISISaY

35121aX2 9UDIDQ PUD DIQOIID ‘dIUDISISIY

95219X2 DIqOJ2e puUe ‘@dueeq ‘All|IqIXa]} ‘9IURISISDY

351213X3 21QOIAD pUD “2dUb|Dq “AlI|IQIX3Y ‘@IUDISISAY

salba1ei1s abuURYD INOIABYSG puR\
'351219X DIGOISL PU IDURISISDY

951219X3 DIGOISR PUB SDURISISDY
351212X2 21QOIAD PUD 9UDISISIY
9SIDJ9X3 90UB[RG PUB IUSWISAOW [eUOIIDUNS ‘SDUPRISISSY
9SIDJ9X3 9OUB[RG PUB IUSWISAOW [eUOIIDUNS ‘SDUPRISISSY
351219X2 2oUDIDQ PUD JUBLISAOUI [DUOIDUN) ‘2IUD]SISaY
2DIAPE PUE '351219%3 AlI|IQIXS} PUE ‘@dUB|eq ‘@DUEISISAY
DINPD pUD ‘351219Xa ANJIQIXal) puUD ‘a3up|Dq ‘9oUDISISIY
S95IDJOXD JUSUISAOWI [BUOIIDUNS PUB 2DURISISY
S$9SIDJ9XS JUSWISAOU [PUOIIDUN) PUB 9DURISISSY
$351219X2 JUWAOW [DUOIIDUN) PUD 32UDISISAY
9SIDIOXS 2OURISISIY

uonuinu Areyuswsiddns
pue 351219X3 DURISISAY 951219X2 3DURISISAY
351D19X2 3DURISISAY
951249X9 DUEISISAY

Ajuo aspiaxa aupisisay

as1p19xa buneaq ybId\

9S1219X0 9due)SIsoYy

Apnig

|0uo)

UONUSAIS1U|

S3IPNIS PaPN|DUL SSOJDE S101eiedWOD PUR SUORUIAISIUL 351219X] € djqeL



Page 8 of 13

435

(2020) 21

Keene et al. BMC Musculoskeletal Disorders

2Jedyyjeay wouy indul buiadLl JI

X3)4 ‘dn-wem ay3 ul pa3a|dwod Ajuo 21am $3sIDIDXS AN[IGIX3)4 JI *6'D UONIISIP UORUSAISIUL DY) Ul PAPN|DUL JOU SI9M SU

9J311 UOIIUSAJDIUI BY) Ul PapN|dUl 10U SI

as1D1axa AMjiqow pue ‘eduejeq ‘9xuelsisal ‘AM|IqIxa)y *6d 3512193 JO sdAY JUDISY

UDAIDIUI SSIDIDXD JO UMOP-WIem pue dn-wiem ay3 uj pa3a|dwod Ajuo sasiiaxg

INWg

9512199 21qOIBY, PUe ,351219Xd ddURISISY, sal0ba1ed 7 ul sieadde Apnis,
aonpead bulall Ajlep Jo saniAnde apnpdul 03 wud) ejjdiqwin buiuesy jeuondun4 ‘pauonuaw Apdidxs jou st AdesayioisAyd Ing suepiuld

:21ed |ensn) {paqusap jou st AdesayroisAyd jo ued se parajdwiod sem as1Xd 1eym Ji :sdnoib jo11uod Jo )1 ul AdesayiolsAyd ‘dnoib [013uod pue dnoib uonUIAIRIUI [eIUBWILIDAXD

9y} Y10q 10} Paysiuly ey UeDIUID dedy3eay e woiy Indul J93je SIOUSWIWIOD UOIUSAISIUI [RIUSWILISAXS Y3 4O ‘Uediul]d aiedyljeay e woly Indul Aue BuiAlda1 10U 219m dnolb [013U0D By JI {|0IIUOD dANDRU| [suonIuLRd

[3v] 800T [ 3@ UYOS|dPUBN

« [£1] SO0T '[e 3@ 3uoibuepy

[/7] 900 e 1© Mopeawp|O

[9v] oLoZ Y
[S¥] £10T | 39 swel|im
[t7] #10T ‘e 3@ pjsoxyedjes

[€7] L1L0Z “e 3@ Bimio

[zv7] 800T °[e 3@ upIZ
[L¥] 10T °|e 3® nseduemns

[ov] 6661 ‘| 3@ madulL
[6€] #10T “|e 3@ unJep-uiie
[8€] ¥00T ‘[ 12 udisbey

[£€] S00T |e 3@ ones]

[9€] 0L0OT ‘|e 32 MeLId4-Hoydsig
[G€1 910T “|e 13 [Pwwiy

[¥€] 610T '[e 3@ Ano1d
[£€] 900T ‘[ 32 ueky

[z€] 910Z |2 12 uafioQ uen
[1€] §1L0Z "[e 3 ©joyo

|012412]B23[0YD 3SOP MO pue

9SIDIDXD [ePOWIN

|0J3UOD SAIDRU| SSIDI9X2 9DURISISaY

AdesaypoisAyd [ensn pue Buiieaq yblam pakejaq

3sID19xe AljIqIxaly pue bulesq 1yblem pake;sg
aled [ensn
95121a%a A1l|IgIXa]4

|0J3U0D 2ANOEeU|

buiuien |PUOIIDUN} PUB 9SIDJ9XS 1USWSAOW [BUOIDUNS 9SOP JI9MOT]

o2Jed [ensn

3512J9XD [EPOWINNW 350P JOMOT]
3SIDIX3 [BPOWINA

AdesayiolsAyd Buipnipul aied [ensn

AdesayolsAyd asop Jlamo

|013412]823|0YD I50P

AdesayolsAyd asop lamo7  ybiy pue AdessyiolsAyd asop Jamon

AdesayroisAyd asop Jlemo

21ed Areuljdidsip-jnw 3sop Jamo

21ed Areujjdidsip-nw asop J1amoT

3SIDJ9Xd [PPOWIINW

9SIDJoXa [epOWINA pue Bujuten |[lipeall [eUORUSAUOCD)

Adesayy [eaisAyd ensn

3SIDI9X3 [BPOWI} N PUE DIGOIY
3SIDIaX2 [DPOWII N PUD DIqOIY

351D19X DIOJAY

Auo asiiaxa 21qoiay

AdesayiolsAyd |ensn pue Bupeaq yblam Ajie3

9s1049x2 A|IqIxal} pue Bulleaq 1ybram Ajieg

9JeD [ensn pue ‘aSI2IaXa JUSWSAOW [euonduny 'sa1barens m.@r_m:u Jnoineysg
ISIDI9Xa \O.__:u__ch pue ‘aspIaxe |epownnw 'salba1ens w_wr_m:u Jnoineyag
9S1249X3 DIqOJaL puUP ‘@dUPISISal ﬁw_@wwmbm wmcmcu Jnoineyag

puulen
[BUONDUN} PUB ‘3S12J9XS JUSUISAOW [eUODUNY 3S0P Jaybly ‘saibaiens abueyd Jnoineyag

2JeD [ENSN puUe ‘3s219%a paynadsun ‘saibalens abueyd inoineyag

[a5/21axa pup $aibaipais 2bupyd INoiAbyag

9512193 [epownnu asop Jaybiy pue Bujures) leuonsuny/Adessyy [euonednanQo
9512J9X3 [epownnuw pue Hululel) [euoiduny/Adelsyy [euonednooQ
AdesayrolsAyd Buipnjpul aied fensn pue Bujulely [euonduny/Adessyl [euoiedndQ
buyuipay jpuonoduny/Adpiayl jpuonodn220

AdessyroisAyd ssop saybiy

|043412[EI3[OYD 3SOP MO
pue AdesayroisAyd asop JaybiH

|043412[B23|OYD 3SOP
ybiy pue AdesayiolsAyd asop JaybiH

AdessypolsAyd asop Jaybin
Adpiayiorshyd

2led Areul|dpsip-nnw asop JaybiH
21ed Aseuljdpsip-ninw asop Jaybiy

:2100 Kpujdipsip-niny

43s1219%3 [epowninw pue Buiuten |lupesi Ajigeidepy

Adesayy [edisAyd ensn pue Bujulel] [jlupeal] pauoddng-aybiap Apog

951249X3 d1qOIdY

Buneaq
1y61am jo buwiy

|euoissajoud yijeay
YIM Suolssas Jo asoq

Buutes |jlwpeas)

Apnig

|0uo)

UONUSAIR1U|

(PaNUHUOD) SIPNIS PIPN|PUI SSOIDR SI01RIRdUIOD pUe SUOIUSAIRIUL 3SIDI19XT € dqeL



Keene et al. BMC Musculoskeletal Disorders (2020) 21:435 Page 9 of 13

Table 4 Risk of bias assessments

participants and

Allocation
personnel

Ali 2010[46]

Binder et al. 2004[22]
Bischoff-Ferrari et al. 2010[36]
Crotty et al. 2019[34]

Elinge et al. 2003[29]

Hagsten et al. 2004[38]

Hauer 2002[20]

Kimmel et al. 2016[35]
Latham et al. 2014[24]
Mangione et al. 2005[13]

Mangione et al. 2010[14]

Martin-Martin et al. 2013[39]

Mendelsohn 2008[48]

Miller et al. 2006[15]

Monticone et al. 2018[30]

Mitchell et al. 2001[19]

Moseley et al. 2009[27]

Moseley et al. 2015[12]
Ohoka 2015[31]
Oldmeadow et al. 2006[47]

Orwig et al 2011[43]

Peterson et al. 2004[23]

Resnick et al. 2007[21]

Ryan et al. 2012[33]

Salpakoski et al 2014[44]
Singh et al 2012[25]
Sherrington et al. 1997[16]

Sherrington et al. 2003[26]

Sherrington et al. 2004[28]

Suwanpasu et al. 2014[41]

Sylliaas et al. 2011[18]

Sylliaas et al. 2012[17]
Tinetti et al. 1999[40]
Tsauo et al. 2005[37]

van Ooijen et al 2016[32]

Williams et al. 2017[45]
Zidén et al. 2008[42]

*(judged unclear if changes from protocol to reporting not explicitly stated or if no protocol available)
Green = low; Amber = unclear; Red = high
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Table 5 Intervention reporting assessment for each included study*

Study Tnterventions

When after
injury
Where done
Who
delivered
Group!
individual
Duration
Frequency
Prescription
specifics
Tailoring
Adherence

Hip fracture
'Ali 2010[46] | Early weight bearing and flexibility exercise
Delayed weight bearing and flexibility exercise
Binder etal. | Resistance, flexibility, balance, and acrobic

2004[22) exercise
Flexibility exercise

Bischoff - Higher dose physiotherapy
Ferrari etal. | Lower dose physiotherapy
2010(36]
Crotty etal. | Higher dose multi-disciplinary care
2019[34] Lower dose multi-disciplinary care
Elinge etal. | Weight bearing resistance and
2003[29] balance exercise, and advice

Inactive control®

Hagsten et | Occupational therapy/functional training and usual
al. 2004[38] | care including physiotheray

Usual care including

Hauer etal. | Resistance, functional movement, and
2002(20] alance exercise

hysical activity and cognitive task practice
Kimmel et | Higher dose physi
al. 201635] | Lower dose
Latham et al. | Resistance and functional
2014124] movement exercise, and behaviour change strategic

s

Dietary advice®

Mangione et | Aerobic exercise

al.2005[13] | Resistance exercise

Inactive control*

Mangione et | Resistance exercise
TENS®

al. 2010(14]
Martin- Oceupational therapy/functional training and
Martin et al. i exercise
2013(39] excrcise

"Acrobic and multimodal exercise
etal Multimodal exercise
2008[48]
Miller efal. | Resistance exercise
2006]15]

Resistance exercise and nutrition”

nutrition”
dvice®

Mitchell et Resistance, functional movement, and
al.2001[19] | balance exercise

Functional movement and balance exercise
Monticone et | Weight bearing balance and functional movement
al.2018[30] | exercise

Timited weight bearing resistance, flexibility, and
functional movement exercise

Moseley et | Higher dose weight bearing

al.2009[27] | resistance and functional movement exercise
Lower dose limited weight bearing

resistance and functional movement exercise
Ohoka etal. | Body Weight-Supported Treadmill Training

2015(31] and usual physical therapy

Usual physical therapy
0 Early weight bearing and usual physiotherap;
etal. Delayed weight bearing and usual physiotherapy
2006[47]
Orwig etal. | Behaviour change strategies, resistance, and
2011(43] erobic exercise

[nactive control®
Peterson et esistance, aerobic, and balance exercise
al. 2004[23] [ Inactive control

esistance and aerobic exercise

Resnick et al esistance and aerobic exercise, and behaviour
2007(21] change strategies”

Behaviour change strategies®

Inactive control®
Ryan ctal. Higher dose multi-disciplinary care
2012(33]

Lower dose multi-disciplinary care

Salpakoski et | Behaviour change strategics, multimodal exercise,
al.2014[44] | and flexibility excrcise

Flexibility exercise

Resistance exercise

Inactive control®

etal.
1997[16]
Sherrington | Weight bearing resistance and functional

X movement exercise
2003126] Non-weight bearing flexibility and functional
movement exercise
Weight bearing resistance exercise

etal. Non-weight bearing flexibility exercise
2004]28] Inactive control®

Singh etal. | Resistance and balance excrcise, and complex
2012(25] optional i i

Usual care including
Suwanpasu | Behaviour change strategics, unspecificd

etal. exercise, and usual care
2014[41] sual care
Sylliaas etal. | Resistance and functional movement exercise
2011(18] nactive control®
Sylliaas et al. | Resistance and functional movement exercise
2012(17) inactive control*
Tinetti etal. | Occupational therapy/functional training and higher
1999[40] jose multi exercise

Lower dose multimodal exercise
Tsauo ctal. | Higher dose
2005[37] Lower dose physiotherapy
van Ovijen | Adaptability treadmill training and multimodal

X exercise

2016[32] Conventional treadmill training and multimodal

exercise

excrcise

Behaviour change strategics, functional movement
al.2017[45] | exercise, and usual care

Usual care
Zidén ctal. | Behaviour change stratcgies, higher dosc functional
2008}42] movement exercise, and functional training

Lower dose functional movement exercise
and functional training

Ankle Fractur
Moseley et | Resistance, balance, and flexibility exercise, and
al.2015[12] | advice

‘Non-weight bearing flexibility exercise and advice
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*C Clearly reported, UC Unclear/uncertain, NR Not reported, N/A Not applicable

2 Duration of phase one sessions was C, duration of phase two sessions was NR

Page 11 of 13

P Time from fracture/surgery to enrolment/baseline assessment/beginning of study/admission to rehab centre was C. When the intervention commenced after

fracture/surgery was NR or UC

¢ Duration of the usual component of the experimental intervention was C. Duration of the additional components of the experimental intervention was NR or UC
44 Authors reported some/all of the exercise intervention was individualised but how this was achieved was NR or UC

€ Treatment group received no intervention

f Whether the usual care component of the experimental intervention was group-based/individually completed was NR or UC. Whether the additional
components of the experimental intervention were group-based/individually completed was C

9 Duration of usual care component of the experimental intervention was NR or UC. Duration of the additional components of the experimental intervention was C

h Frequency of usual care component of the experimental intervention was NR or UC. Frequency of the additional components of the experimental intervention was C
" Tailoring/modification of the usual care component of the experimental intervention was NR or UC. Tailoring/modification of the additional components of the

experimental intervention was C

J Adherence to usual care component of the experimental arm was NR or UC. Adherence to the additional components of the experimental intervention was C

K Treatment group received an intervention that did not contain an exercise/physical activity component

"Who provided usual care component of the experimental intervention was C. Who provided the additional components of the experimental intervention was NR or UC

™ Specifics of the usual care component of the experimental arm were NR or UC. Specifics of the additional components of the experimental intervention were C
" Exercise component of this treatment group was the same as the ‘Resistance exercise’ treatment group

© Contradictory information for this domain is presented in the article and the article appendix

P Exercise component of this treatment group was the same as the ‘Resistance and aerobic exercise’ treatment group

9 Adherence to treatment was NR separately for stroke and hip fracture participants

" Who provided usual care component of the experimental intervention was NR or UC. Who provided the additional components of the experimental intervention was C

* Time from fracture/surgery to commencing usual care component of the experimental intervention was NR or UC. Time from fracture/surgery to commencing

the additional components of the experimental intervention was C

' Time from fracture/surgery to commencing the usual care component of the experimental intervention was C. Time from fracture/surgery to commencing the

would make quantitative synthesis problematic. Further
consensus work towards a core outcome set for rehabili-
tation trials for people with pelvic and lower limb fragil-
ity fractures would therefore be valuable.

This review has some limitations. We included English
language and published literature only, meaning that
some relevant studies may have been missed. Data ex-
traction and reporting quality was not completely re-
peated independently by a second reviewer due to the
resource limitations of the study. However, a second re-
viewer did verify these data against the source and any
discrepancies corrected in discussion. Finally, as there
was no specific intervention reporting quality assessment
tool, a review specific assessment was developed drawing
on the TIDieR reporting guidelines. A tool for these pur-
poses would be valuable for future research but findings
from our assessments provided some clear areas of focus
for improving reporting in future exercise trials.

Conclusion

All exercise trials for adults with a pelvic or lower limb
fragility fractures have been focussed on hip fracture,
apart from one ankle fracture trial. Research for people
with pelvic and other lower limb fragility fractures is in-
dicated. A wide range of exercise types have been inves-
tigated but to date deficiencies in reporting of the
interventions hamper the reproducibility of the interven-
tions, especially in terms of the specific details on how
exercises were prescribed. Use of TIDieR and CERT
reporting guidelines for future trials will likely improve
intervention reporting. Trials of exercise interventions
would also be improved by consistent use of blinded
outcome assessors and with further consensus on which
mobility outcomes should be assessed.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512891-020-03361-8.
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