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Abstract

IMPORTANCE Preoperative and postoperative exercise interventions are commonly used in
patients with total hip arthroplasty despite a lack of established efficacy.

OBJECTIVE To explore clinical outcomes associated with exercise training before and after hip
arthroplasty.

DATA SOURCES PubMed, Cochrane Central Register of Controlled Trials, Cumulative Index to
Nursing and Allied Health Literature, EMBASE, and Google Scholar were searched from their
inception to March 2020. Reference lists of included trials and related reviews were also searched.
STUDY SELECTION Randomized clinical trials of land-based exercise interventions before or after
total hip arthroplasty were included.

DATA EXTRACTION AND SYNTHESIS This systematic review and meta-analysis is reported in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guideline. Data extraction was independently performed in duplicate. Random-effects
meta-analyses with restricted maximum likelihood were performed for pooling the data.

MAIN OUTCOMES AND MEASURES The primary prespecified outcome was self-reported physical
function. Secondary prespecified outcomes were self-reported pain intensity, quality of life, gait
speed, lower body muscle strength, lower body flexibility, anxiety, hospital length of stay, and
adverse events.

RESULTS A total of 32 randomized clinical trials with 1753 patients were included in the qualitative
synthesis, and 26 studies with 1004 patients were included in the meta-analysis. Compared with
usual care or no or minimal intervention, postoperative exercise training was not associated with
improved self-reported physical function, with a moderate level of certainty, at 4 weeks
(standardized mean difference [SMD], 0.01; 95% Cl, -0.18 to 0.20), 12 weeks (SMD, -0.08; 95% Cl,
-0.23t0 0.07) and 26 weeks (SMD, -0.04; 95% Cl, -0.31to 0.24) postoperatively, and low level of
certainty at 1year after surgical treatment (SMD, 0.01; 95% Cl, -0.09 to 0.12). For preoperative
exercise interventions, there was no association of exercised training with self-reported physical
function compared with the control at the 12-week (SMD, -0.14; 95% Cl, -0.61 to 0.32) or 1-year
follow-ups (SMD, 0.01; 95% Cl, -0.37 to 0.40) with very low certainty, and no association with length
of stay (mean difference, -0.21; 95% Cl, -0.74 to 0.31) at moderate certainty. Results for
postoperative hip muscle strength were rated at very low certainty, with no statistical significance.
Meta-analysis could not be performed for other outcomes.

CONCLUSIONS AND RELEVANCE This systematic review and meta-analysis found low- to
moderate-quality evidence that postoperative exercise interventions were not associated with
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meta-analysis including 32 studies, there
was very low- to moderate-quality
evidence relevant to preoperative and
postoperative supervised exercise
interventions. Compared with usual care
or no or minimal intervention,
supervised exercise interventions were
not associated with improved self-
reported physical function.
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Abstract (continued)

improved self-reported physical function compared with usual care or no or minimal intervention.
Furthermore, there was very low-quality evidence that preoperative exercise programs were not
associated with higher self-reported physical function and hospital length of stay compared with
usual care or no or minimal intervention.

JAMA Network Open. 2021;4(2):e210254. doi:10.1001/jamanetworkopen.2021.0254

Introduction

Osteoarthritis is one of the leading causes of pain, disability, and health care resource use worldwide.
While the disease can affect any joint, the hip is among the most common sites.? There is a growing
concern that the incidence, in part owing to the aging population, and subsequent financial burden at
both the individual and societal level will continue to increase."

Joint replacement surgery of the hip is cost-effective and clinically relevant in appropriately
selected patients.* The use of primary total hip joint replacement is expected to increase by 71%
from 2018 to 2030 (ie, approximately 635 000 total procedures).® The typical hip joint replacement
surgery within the United States costs a patient between $17 763 and $23 969 and cumulatively
costs the US health care system $15 billion per year.” Notably, this expenditure only represents a
proportion of costs associated with this procedure, as subsequent rehabilitation was estimated to
cost in excess of $180.4 million per year.®

Preoperative health status (eg, greater muscle strength and capacity to complete activities of
daily living) is a factor associated with favorable perioperative outcomes after total joint
replacements.>'© Health-related quality of life has been reported to decrease during the
preoperative period," which may be further complicated when patient expectations do not align
with physical function and quality of life immediately after arthroplasty.™ Furthermore, it is known
that patients may still have functional deficits (eg, compromised muscle strength, postural stability,
gait speed) up to 2 years after total hip arthroplasty.”>"

Preoperative and postoperative care for patients with total hip arthroplasty is generally
considered effective for reducing pain intensity and disability; however, robust evidence is
lacking."®"® A systematic review by Wang et al,' including studies up to November 2015, reported
minimal improvements associated with preoperative rehabilitation and low levels of certainty of the
evidence, although Wang et al analyzed data for rehabilitation of hip and knee joint arthroplasty
together. Wang et al' stated that this result could be explained by the heterogeneity of the included
studies owing to types of prehabilitation programs, control group intervention adherence, and
fidelity within the programs, which could have impacted the ability to detect any existing differences.
This highlights the lack of consensus that preoperative and postoperative exercise interventions are
beneficial for patients with total hip arthroplasty. Therefore, we aimed to conduct a systematic
review and meta-analysis to determine which clinical outcomes were associated with preoperative
and postoperative exercise training after hip arthroplasty when compared with active control and
usual care or minimal intervention. We specifically assessed land-based therapy and not
hydrotherapy because it is the form of therapy that is mostly applied in physiotherapy clinics owing
to lack of access to pools.' Specifically, we examined the following patient-reported outcomes:
disability, pain intensity, gait speed, lower body muscle strength, range of motion of the hip joint,
hospital length of stay (LOS), and adverse events. Our primary hypothesis was to determine if there
was an association of preoperative or postoperative exercise training after hip arthroplasty with
patient-reported outcomes compared with active control and usual care or no or minimal
intervention.
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Methods

This systematic review and meta-analysis is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline.” This systematic review
and meta-analysis was prospectively registered with the PROSPERO database.

Search Strategy

Studies were identified by searching multiple databases, including PubMed, Cochrane Central
Register of Controlled Trials, Cumulative Index to Nursing and Allied Health Literature, EMBASE, and
Google Scholar from their inception to March 2020. The search terms were identified after
preliminary searches of the literature and by comparing them against previous systematic
reviews.'®20 The search strategy with search terms is presented in eAppendix 1in the Supplement.
This search strategy was modified and applied to the other searched databases. Additional studies

161820 3nd via

were searched through manual research of reference lists of relevant literature reviews
citation tracking of the included studies. Two of us (T.S. and J.Z.) searched the different databases,
considering the prespecified inclusion and exclusion criteria, to select potentially relevant trials.
Trials were initially evaluated based on title and abstract, and full-text versions of the relevant
studies were obtained and independently evaluated by 2 of us (T.S. and M.H.). Disagreements were
settled through discussion among reviewers (T.S. and M.H.). A third reviewer (J.Z.) adjudicated any

disagreement.

Inclusion and Exclusion Criteria

Inclusion criteria were patients waiting for total hip arthroplasty or who had already received a total
hip arthroplasty, underwent postoperative therapy started after leaving the hospital, performed only
aland-based exercise intervention, had preintervention and postintervention measures for all study
groups, and had at least 1 measured outcome (ie, self-reported physical function, pain intensity,
quality of life, gait speed, muscle strength or range of motion, adverse events, LOS, anxiety). Studies
that performed partial hip arthroplasties, revision surgery, or hip resurfacing operations were
excluded. As the focus of the review was on exercise training, nonexercise modalities (eg, manual
therapy, osteopathy, electrical stimulation, water-based therapy) were excluded. The intervention of
interest was defined as land-based exercise training, defined as any program of exercises (eg,
aerobic, range-of-motion, resistance, or activity requiring physical effort) prescribed using sets and
repetitions.?’ Comparators included no intervention, usual or standard care, placebo, and other
forms of physiotherapeutic interventions (eg, neuromuscular stimulation, water-based
interventions). Studies that analyzed only muscle morphology or architecture as outcomes were not
included. Eligible follow-up time points were closest to after the intervention, closest to 4 weeks,
closest to 12 weeks, closest to 26 weeks, and closest to 1year. We included randomized clinical trials
(RCTs) in German or English, as prior work has shown adding non-English studies does not
significantly impact the effect size estimates.?? Quasi-RCTs and nonrandomized clinical trials were
excluded, given that they do not offer an unbiased estimate of the effect size.*

Data Extraction

Study information was extracted by 2 of us (T.S. and J.Z.), with disagreement settled via discussion.
Reviewers were not blinded to information regarding the authors, journal, or outcomes for each
article reviewed. Reviewers extracted author, sample size, age and sex of patients, type of
intervention, setting, frequency, exercise prescription details (ie, volume, duration, effort or exertion,
load, progression), start of the intervention (ie, time after operation when the intervention began),
follow-up time points, and outcome measures. If a study did not report relevant data for extraction,
the corresponding author was contacted.
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Risk of Bias Assessment and GRADE

Risk of bias was assessed via the Cochrane Risk of Bias Tool version 2.0%* for all 5 domains:
randomization process, deviations from intended interventions, missing outcome data, outcome
measurement, and selection of the reported result. An overall risk of bias judgement was made for
each outcome and each time point. Two independent assessors (T.S. and M.H.) performed the
assessment. Disagreements were resolved through discussion or by a third reviewer (J.Z.) if
necessary.

We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
method to appraise the certainty of evidence.?>2° All ratings started at a high level of certainty given
guidelines for meta-analyses including RCTs only. Two of us (T.S. and J.Z.) downgraded evidence
based on risk of bias, inconsistency, indirectness, imprecision, and publication bias. A GRADE
assessment was completed for each individual meta-analysis.

Statistical Analysis

For data analysis, we created 2 categories of comparators: usual care or no or minimal intervention
and active control (eg, combined different types of interventions such as conventional rehabilitation,
pool-based exercises, stretching and mobility exercises, neuromuscular stimulation, and isometric
exercises with a progressive and supervised character). Our primary outcome measure was self-
reported physical function, such as the Harris Hip Score, Hip disability and Osteoarthritis Outcome
Score, Western Ontario and McMaster Universities Osteoarthritis Index, and Oxford Hip and Knee
Scores. Secondary outcomes were self-reported pain intensity (eg, Visual Analog Scale, Numeric
Rating Scale for pain), quality of life (eg, 36-item Short-Form Health Survey, 12-item Short-Form
Health Survey, European Quality of Life-5 Dimensions), gait speed, lower body muscle strength (eg,
stair climbing in seconds, sit to stand in seconds), lower body flexibility (degrees of joint range of
motion), anxiety, hospital LOS, and adverse events. If more than 1 outcome measure was reported for
each type of outcome in the same study, only 1was considered for further analysis.

Data reported as nonparametric variables (eg, median and interquartile range), or measure of
spread reported as 95% Cl or SE of the mean, were converted to mean and SD using established
formulae.?>?”-2° Transformations of the median were calculated via a web-based calculator.>° Data
that were not reported numerically were extracted via Graph Digitizer software version 2.26
(GetData)*° from published figures. Missing SDs were imputed using established methods.2>>'
Change from baseline data were transformed as recommended by the Cochrane Collaboration? and
Morris and DeShon.' When only change from baseline data were reported we assumed a
conservative correlation coefficient of r = 0.9, between the SD of the change scores and the
preintervention and postintervention SDs (which we assumed were equal) to calculate a
standardized mean difference (SMD) as SDpange = SDpreintervention/postintervention X V(2 % [1=1r1).%"
Meta-analysis was conducted if at least 3 studies were available for an outcome. A random effects
meta-analysis was used for all continuous outcomes with a restricted maximum likelihood estimator
for the between study variance 72. We used the Hartung-Knapp-Sidik-Jonkman method for
estimating the variance of the pooled effect. This method substantially outperforms the
DerSimonian-Laird method,3? especially if the number of studies is small or there is substantial
heterogeneity.>33°> Measures of heterogeneity used were Cochrane Q and the resulting x? statistic
and 2. We used 95% prediction intervals (Pls) to assess the amount of heterogeneity if there were at
least 10 studies in the meta-analysis.3® Publication bias was assessed via funnel plots, Egger test, trim
and fill methods, and P curve analysis if at least 10 studies were included in the meta-analysis.>” We
performed sensitivity analysis via outlier identification and influence analysis>®-3°
performed a sensitivity analysis*° by conducting all meta-analytic summaries with the standard
approach of calculating the 95% Cl for the pooled effect. We incorporated all findings of the
sensitivity analyses in GRADE (ie, imprecision). If meta-analysis was not possible, we used the
structured reporting of effects and calculated effect sizes with a 95% Cl and rated the evidence
according to their risk of bias.?®

and also
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Effect size measures for continuous outcomes were either the SMD? or mean difference (MD)
with 95% Cls. We used SMDs because they allow comparison of different outcome measurement
scales adopted by each study. SMD effect size was interpreted as small, 0.20; medium, 0.50; or large,
0.80.*1 Effect sizes were calculated from final means with SDs and sample sizes for the intervention
and control groups. A negative value signified an advantage for the intervention group. Cluster RCTs
were handled according to the Cochrane handbook by calculating a design effect.? Selected studies
for which these or other crucial data were not directly reported or obtainable by contacting authors
were not included in the review. All calculations and graphics were performed with the statistical and
computing environment R version 4.0.2 (R Project for Statistical Computing)*2 and the extension
packages Meta,** Metafor** and dmetar.*> Two-sided 95% Cls were used. Statistical significance was

set at a = .05 for all analyses. Data were analyzed in August 2020.

Results

We identified 886 study records through database searches and manual research of reference lists
of relevant literature reviews. After removing duplicates and screening titles and abstracts of all
remaining unique articles, 77 full text articles were assessed for eligibility. We included 35 records,
with 9 records for preoperative interventions*®>* and 26 records for postoperative
interventions,”>"8° and we excluded 42 records (Figure 1). Literature sources and reasons for
exclusion of ineligible studies are reported in eAppendix 2 in the Supplement. Two records for Husby

et al®"®2 and 3 records for Maire et al®>*®” were considered the same study for all analyses.
Subsequently, 32 studies (9 preoperative studies and 23 postoperative studies) were included in the

qualitative synthesis, and 26 studies were included in the quantitative synthesis (meta-analysis).

Study Characteristics

The characteristics of included articles are shown in Table 1. Sample sizes for preoperative studies
ranged from 6 to 43 patients, with a mean (SD) sample size of 26 (14) patients and total sample
across all studies of 501 patients. For postoperative studies, the sample size ranged from 7 to 80

Figure 1. Study Inclusion Flowchart

805 Records identified through 81 Additional records identified
database searching through other sources

| |
]

‘ 886 Records after duplicates removed ‘

!

‘ 886 Records screened ‘

—>‘ 809 Records excluded

‘ 77 Full-text articles assessed for eligibility ‘

42 Full-text articles excluded,
with reasons

32 Studies included in qualitative synthesis

26 Studies included in quantitative
synthesis (meta-analysis)

eAppendix 2 in the Supplement provides reasons for the exclusion of 42
full-text articles.

[5 JAMA Network Open. 2021;4(2):e210254. doi:10.1001/jamanetworkopen.2021.0254 February 26,2021 5/20

Downloaded From: https://jamanetwor k.com/ on 04/15/2021


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0254&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0254
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0254&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0254

Evaluation of Exercise Interventions and Outcomes After Hip Arthroplasty

JAMA Network Open | Physical Medicine and Rehabilitation

(panupuod)
as-01
‘SHH ‘DVINOM (as1219%d
‘Ploysalyy a1e3de IX3]4 ‘3S1D49%3

‘f11ge3s jeanysod

Je)ndsenolpaed

‘diy jo yrbuans (ow €7) ‘351213%3 3IUBYSISAI) 6102
J13aub)os| ¢1'(owT¥) 9 ovm9 VN VN VN 9UON uiw Gi7/4N sHun Qg S Adeuayy spiods 79/€5 4IN/UN 08/08  o5'1392299
AMOT (zz1)
9¢€-41S owzt-9 jenuew yym Jopdim/xg 9s1219xa gH €29/(¥'8) L10T
OYINOM ‘SHH pue ‘ow T ov UN/UN IMOT aH 9s1219x3 gH UN/UN 0} x¢ S + Adesayy 1eaishyd 76/8¢ 19 09/09 ¢¢'1e 32 Unsny
sa|pn1s
dA1eladolsod
(1°2)
uoleanpa y 1/sdas M g welbo.id 3s124ax3 9'89/(¥'9) 10T zc'18 W
QaS03 ‘SOOH  IM ZT puedim f og)ms VN VN VN aAnesdadoald  GT-0T 0SS €-7  10)IM/xT S JejndsnwolnaN 16/18 £89 187434 U3SPeNIIA
(5°81)
99
ow gt /(0TT) 8007 ¢5'1€ 30
YOr ‘SHH ‘SYA pue abieydsig UN VN VN VN SUON UN/UN S9SSe ¢ S 9sidJaxa jeuondung 08/0L 1°09 TT/€T oUW NA
9S1219Xa gH 104
0VdY1 ‘SOOH JUBWIBRINOIUD + (€9)
‘SYA ‘LMING ‘LYD p/ulw 0gs Yjem AM9-¢ fyeded bupjiem + 0'62/(€9) T10T 1518 W
‘On1 “Aaniqisead AM9  0gM9-€ VN VN VN aledjensn 03 pabeinodus/yN 10} Im/xg S 9sldJaxajeuonduny £9/€6 6'9L GT/ST bunsoQ
uo3isodwod
Apoq ‘yibuanys ow 7T Y 1/sdau
9)2snW ‘393 pue ‘ow 6 ‘ow CT-840 5305 Apoq (1) 0¢0¢
asiel Jleyd ‘paads 9 ‘ow € ‘(09) € 10} 3S1243X3 17 IM QT 13Mo] 404 bururey 8°0L/(L° L) 05 1B 39 UBsIe]
1eb ‘SOOH  UOIIUBAIRIUISOd UN VN VN VN aledjensn  ‘dn-wuem ulw-QT 104 M/xC S 9due}sIsat aAlsodx3 €9/89 00L 0v/0v -p.JeehsjoH
((A29]
UN buiuayibuatls Apoq G &G
NoY-diy Kz pue ‘ow YN/sdaa uoneinp Jaddn + buiysiaas /(S TT) 00¢C
‘SVA ‘SHH € ‘abueydsig 0og3msg VN VN VN 9UON 0TJ03eS T ‘p/x€ Sd Apoq Jamo7 LT/gY 6'9% 0£/0€ 41239 U209
(8510493
sdau 13430 10 (51219X3 J3Y10
0T J0 S335 M 9 :gH Jejnasenolpaed) ENBIENE] M 9 10} 10 JeJnJSeAolpled)
7 10} 351219%3 p 3512193 gH + gH ulw 0§ + Y EHBIENE] EHRIENE] (5°01)
SJIN 9€4S ‘1SI0€ ¥ ‘9sIDIBXD € +)]9dM/p gH aspIaxadnolb  1/sdaiQT Jo sias aH P gH + 9s1249%3 7'69/(6°8) 600¢C
‘ML40S DYINOM  SIM G puedm / UN aHUYGS'T ¢S pues paseq-1004 g J0jsasiXIy € +AM/PT S dno.b paseq-pue] £9/L5 9'1L /oy sv 111119
Adeiayy j1enpiaipul (EHBIENE]
uiw oz ‘sdnoJb ui le)nasenolp.ed
ulw Qf7/as1249xa pue ‘Ayqixany
NoYy-diy Je)ndsenolp.ed ‘aaue)sisal) (6°9)
‘SYA ‘I9 ‘9¢€-4S ulw GT-QT ‘sdal AM 9S1249Xa 1enplAlpul 1°€9/(0°6) 800C ;5132
OYINOM D¥ING ow ¢ ogowT 4N 4N S BUON  ZT-840S1S -  10pm/p g S pue dnoi9 85/v9 8¢9 /1t eleliog
uo|Ssas pauiquwod
uol3ednpa EEIT]
1 (3s1019%3 pue diy
VN :gD‘sdas D mzt annndadondoud 10} (T°6)
oNnL 0T J0S1dS  Jofiim/xg aledjensn :z) YN/sdaud pue ‘Aujigow £'99/(1°8)
‘1S1 ‘MdS ‘9€-4S C 104 3s[219%3 9s1219x3 S:¢)  uoiyeyiqeyst 0T 40 S33S AMZT ‘due)sisal) €19/(1°6) 610C o132
OVINOM ‘S431 AMZT= UN 9T o9 'S1) 9} 7J04aSPIAXT 9 J0pM/xT aH uoneiiqeyadpl  €//€8/%9 669 9/6/9 ulpe)-uoiioq
(£'6) ¥'89
saq 0d YN/ydea sdal IM9-¢ buiures /(8°0T) 110T y5'18 3
DVINOM ‘9€-4S AT pueow SIM 9-¢ VN UN UN 9UON QT 404 S9sI249X3 9 104 p/xg aH J0joWiiosuas 1€/9% VAT 6¢/11 4o1d
saIpn1s
dAnesadoaid
ainseaw pdn-mojjo4 >Hels quoneinp  Aousnbaly  buines UoIUAAIRIUI quoneanp  Adusnbaiy  BuIRS UOUAAIRIULJO AAAL % ‘USWIOM K'(@s) -oN ‘azs 924n0S
awoinQ pue awnjop J0adA) pue awnjop uesw ‘0by  d)dwes
(s)dnoub j043u0) dnoJb uonuaARu| dnoub 1043u03/dnoib uoruIAIRU|

Sa1pN1S papn|au| 3y} JO sostialdeley) 'L 3jqeL

6/20

February 26,2021

& JAMA Network Open. 2021;4(2):e210254. doi:10.1001/jamanetworkopen.2021.0254

https://jamanetwor k.com/ on 04/15/2021

Downloaded From



Evaluation of Exercise Interventions and Outcomes After Hip Arthroplasty

JAMA Network Open | Physical Medicine and Rehabilitation

(panunuod)
CEHBIENE]
J1133WOS!
TT-4S ‘LMIN9 £ 10§ 3S[219X%3 AM9 ulw ge/sdas g1 M9 aledjensn + (6) 910¢ ;,'1e 3
‘SYA “DYINOM AMBT OV AMCT /sday ST Jogiim/xg S aled|ensn  J0JsasiUeXI gT  J0JM/xT S 9sldJaxajeuonduny 97/t 69/(8) 89 1€/T€ uebeyuoly
951249%3 Apoq
(ERIEYE] J3ddn jeuoiyippe
adueIa10} 3S121XD M Apoq Jamoy) M 9 :gH + (3s1219xa Apoq
weibold 9 :gH HMm weiboid HM 9 1oy 1amo1) weusboid #'9)
‘9€-4S ‘U1buans 9.1013Im/p gH  uoieyiqeyss IM/p g 10} aH uoneiljiqeyas 1'89/(€°9) 910C o, 183
dub pueH ‘SHH M ZT puemg OVPI UlWQE/UN G404 p/xg  puesd plepueis Ui /4N P/xTiSd  PpuesSd plepueis LL]€9 69 qe/se SN0
uiw 05-5€/(01-9
M) sdau g pue
SOOH ‘LSD0€  Ow T pue ‘ow 951249X%3 ‘(5-7m) sdas (o1)
‘LMINOT “4amod 9 %M QT HIm YN/sdal m/p Anmiqow 0T ‘(ToIm) sda1  ym/xG:gH aH 951219xa gH + 1°59/(8) 10T g9'18 12
uoisualxa 631 9 M HIM ¢ OVIMT QT 40SIS ¢ L'P/xT /H +bBuIydRAS  ZT-0T UMM S39S € DIM/xg:S pues  9SI319Xa 3dUB}SISAY ov/vy 879 og/ze USSTIN
as-03
‘DVYINOM ‘@dueleq
‘y3buans EHBIENE] 3s1219xa AyIjIqow + (8)
diy ‘paads 31eb YN/3s1D1x IM/x/ YN/3S1219Xd Im/p 3s12.19xa buiydlL.s 8°99/(£) 10T 69'18 30
‘Svd ‘@uasaypy M ZT UedM i OVPT Jodsdayor 104 p/x H + buiypians Jadsdey 0T £ 404 p/x¢ aH +90UB)SISaY 8v/8Y L[9 12/St UaSIIN
uiw og/(1om 19900C
?dueISIp yead uiw T ydom 1912WO0b 13 1eAldul (4N) pue 44’7002
1591 bupjjlem uoneyiqeyal  dseq Ui ) uiw AM 9 wie + uoneiliqeyal LL/(4N) 59 €00T
DYINOM ‘LMIN9 AT pueow g oV iIm 1 N UN S euonipel] G x 9SIEAIRIU|  JOJIIM/xE S jeuonipel] 98/98 LL LlL ‘le 19 allepy
(7£-09)
NOY bupjem 99/(9£-8%) 8861 491832
diy ‘ybuans diy owg oy ow ¢ VN VN dUON IN/UN UN YN 9S1DJaX3 3due)SISay UN 0L 9T/¥1 uossuyor
(8'21)
VN 12D lem uojuaAlajul 0°LS
uiw og/sdas ON ‘0D /(€01)
0T J0 5195 {(duasaype  jem uiw Qg /sdas Bunjjem €65
SHH ‘paads C 10} 3SID19xd VN 2D MO1) 0T J0 S38S IM T ‘9S1219X3 3dur}SISaL /(6°CT) 00¢C
Heb ‘yibuans diy AMT ovAST 91D 'S 1D |Seawes:T) 7 J0jsasiiex3 g  Jopm/p L aH ‘famaixeld  €9/8¢€/0€ 8'8S LT/ET/ET €918 39 UBL
9¢-1S sdal G J0 39S ¢
‘s1919weled pue dnwem ujw
Jejnosenolp.ed UN/Y 0T puey 1/agy 9S12.19Xd dIUR)SISDI 20010C
‘ueped  ow zT pue ‘ow IWELSBIENE] IM uoneyyigqeyas  diy pue ssaid ba) IM + uoneigeya. (8) pue 14600C
11eb ‘yibuans 9 MG MM T oviIm T buns Jopm/p g S JeuonusAu0) +93SPDJAXd BuNS  101M/p § S JeuoiuaAuo) £9/85  95/(S) 85 a/a ‘e 19 AgsnH
41 A5ed1y0 (¥°89)
-1195 ‘SHH 95[249%3 90,
‘SOOH ‘INoY¥-diy AM 9 9JUB)SISA + /(5°99) T10T p9'18 10
‘LMIN9 1DS  Ow ZT pueow g Oy ow ¢ VN VN VN dUON UIW /4N Jopm/xg S €e/se oL €e/se biaqiaH
EHBIENE]
sia18weded 11eb aJuelsisal EHRIENE] (6°L)
100V “IVINOM +951219%3 ulw Am 8 9JUB)SISA + 9'99/(£°6) 800¢C
LMING “1DS ‘DNL  UORUIAIRIUNISOd ovmsg N Mg aH jeuondung GP/S9SIDIRXT £ 10)M/xT S 9sldlexajeuondung L9/€L 989 CI/TT  gs'1e 19 B3eY
(as1249x3 Jeuoiduny
Xapul A}IAI1de 9SI219X3 ESPIE)E] + 9SI219Xd (4N)
V12N 2Sd ‘ONL M 9 pue 9Jueysisal gH +)M 9JURISISAU) BSIDIRXD €9/(4N) LT0T gs'1 1R
‘9€-4S “IVINOM MM ZT HIM G ov UN/UN UN aH jojenuepy UN/UN - 10)(M/xT S dnnadesayolshyd 0S/v9 99 /95 193n0)
uonexy
sasayiso.ad
‘Bunapowa. 9512.19%a gH pue (4N) 00¢C
auoq ‘Ayisusp burieag-ybram (10suas aunssaid) GG/(4N) ,s'uosydiopy
auoq ‘SHH At oY VN VN aH 93e7 VN 4N gH  buuieaqiybam 4 IN/IN S 0T/0T pue ugpog
ainseawl pdn-mojjo4 SHels quoneinp  Asuanbaly . buimes uoIuUdAIRUL quoneanp  Aduanbaiy  BuIRS UOUAAIRIULJO AAAL % ‘USWIOM K‘(@s) "oN ‘azs 921n0S
awodInQ pue awnjop 40 3dA) pue swnjop uedw ‘aby  a1dwes
(s)dnoub j013u0) dnoJb uonuanlRu| dnoub 1043u03/dnoJb uoruIAIRU|

(PeNUNUOY) SBIPMIS PAPN|IU| B3 JO SINSLIBIIRIELD 'L 3|qe]

7/20

February 26, 2021

& JAMA Network Open. 2021;4(2):e210254. doi:10.1001/jamanetworkopen.2021.0254

https://jamanetwor k.com/ on 04/15/2021

Downloaded From



Evaluation of Exercise Interventions and Outcomes After Hip Arthroplasty

JAMA Network Open | Physical Medicine and Rehabilitation

‘Ayse|dody3te diy [e303 DUIS SWI} Se UMOYS

"UOIJUSAISIUI B} JO 1IBYS

*$9INUIW U UoleInp ‘'sdal pue s38s 4o Jaquin q

'Sd 10°'S "gH 8q Ued 3umas .

"Xapu| SNLYLIE0S1SO J2ISBNDIN OLEILQ UISISBM "IVINOM ‘Uoidwinsuod uaBAXo o/ *ajeds Sojeue [BNsIA 'Sy ‘08-pue-dn patuin ‘D L ‘s1593 JIels paun '1S1 jem

paded-J|9s ‘MdS ‘ASAINS Y1eaH WI04-110YS Wal-9€ '9E-4S ‘Wl 7| W04 MoYS ‘Z|-4S 11593 quiid Jiels ‘| S pasiaiadns 'S :uonow Jo agues ‘|NOY ‘uoniiadal ‘das isuisduod diynads-jusiied ')Sd ‘pasiaiadns Ajjenued 'Sd 9]edS ANADY
1e21SAUd ‘SVd ‘31eds Suney [eouawinN ‘SYN ‘paiiodal Jou “YN ‘UOLIEINLWIS [BD1113]3 Jejndsnwionau ‘'SINN ‘B|gedijdde jou "yN 11533 [EM 3nuUiW 9 ‘| MIAQ 91035 Juauodwio) [eIus|y ‘SO ‘9]edS [BUORIUNS ANWR1IXT JOMOT 'S4
‘U013e1D0SSY dipaedoyQ asaueder ‘YOI ‘UOIIUNA BISNIA JO Xapu| ‘4| ‘SI1euuonsan ANAIDY [ed1sAUd Wwepiaisuy Apnis SuiSy [euipniiSuo ‘Ovdy Jieuuonsan® diH Wwaij-z| ‘Z1-OH ‘W04 1oys uonoun4 [ed1sAyd SOOH ‘Sd-SOOH
910G SWO2INQ SIIIYMeoa1sO pue Aujigesip diH ‘'SOOH 105 diH SilieH ‘SHH ‘paseq-awoy ‘'gH »j|em pauwi} 1004-05 ‘M 1406 ‘@Insea|\ aduspuadapul [euonaund ‘|| 3591 PUBls Jieyd puodas-0¢ ‘1SIOE Dy st ieyd ‘1Y) 'z dnoid
j013u02 ‘Z) | dnous jo13u0d ‘| ‘uonelado 810j9q ‘04 [1PUN0D) Yd1easay [BIIPSIN Usiiig ‘DHING ‘Xapu| [aUlleg ‘|g WwaisAS adueleg xapolg ‘sag ‘4| Jo ANjenb jo Juawssasse oDy ‘uonelado Is3e ‘Y ‘LoidnNpge ‘qgy suoneinaiqqy

Sd-SOOH ‘SHH 4N/sdas (4N)
‘SYN ‘Uabuans owgr ableydsip uonejiqeya G Yum s3as ow ¢ 99/(4N) 810C pg'1e 30
diy ‘LMING  pue ‘ow 9 ‘ow € 1oy UN/UN UN S JEUOIIUBAUO) {7 UM S3SIDIBXT 7 104 M/xE S 9SID19Xa 3duB)SISAY (47474 19 67/1€ Jayuim
(€01)
si93aweled uojjuaAIRIUI (8512493 dJUL3SISA 9°25/(S°L)
Heb ‘yibuans ov VYN VN:gd ou:g) ‘Adesayy M9 + buiyaians) 8'£5/(L'8) £00¢C
apsnw diy  juaWIeasod  ow yz-¢T UN/UN 12D “UN 1D 'S:1D judijedu] i1 IN/UN 104 p/x aH weiboid asidiexy  95/5//8L 414 6/8/6  ,123@MUN
C1-OH
‘buney Jo 1eay ENBIE)CE] (T°21)
‘Aunigess jeamysod YN/sdas Mg Aniqixany AM 8 965 700 g, 1819
‘y1busns ov 07-ST  Jopm/xy ‘951219%3 UN/sda1 0g-GT 104 IM/xt ENBIENE] /(8°01) uosyer
dpPsnWdiH  juswiealnnsod  OW ZT-f YHUMSIS ¢-T 0} x¢ aH Jl3pWos| YHms3as ¢-1 0} x¢ aH bulleaq-1ybram v9/€v 7’65 9T/81 -919pniL
(4N)
y36Ua.13s B)IsNW 69/(4N)
1S1'sgqul IN dN:¢D  4GH: 951249x%9 gH sdaJ 0Z-8 AM T 89/(4N) ¥00¢C
1Y) ‘paads 31en M T puedm g OVP/Z TO'UT:T) ‘P/UT:TD ‘@HTD  :TD'SINN:TD UM SIdS G-€  J101IM/xE S aspuaxa dURISISAY  GG/8G/9F 69 TT/TT/€T ,,'1e19 ENdNS
Ssew uea) (0'1T1)
LMINY ‘1SL 'DNL uoneiliqeyss AM 9 €'99/(1°6) 910¢C
‘14D ‘ybuans ower-6  OVPL-¥ IN/AN UN S plepueis UN/sday 0T-€  101IM/xG gH  9S12J9X3 ddUBISISaY /09 99 v7/ST 9,189 0100
ESBIEYERTY ENBIEYE] uiw 0§ [EHRIEE]
as-01 ab.leydsip 9 :gH ‘Ul gH adue)sisal Jogsim/xg adUe)SISaL) (1) 610C ¢, 183
‘TT-4S'SOOH  owgpueym9g Jayemg UN/IN  0€Jos ¢ pues uossad-uj AIN/UN 03} xT aH uoijeyliqeyasaial 09/99  £9/(6) 79 qe/se UosiaN
Buiuayibuays
9NL ‘NOY-diH YN/sdal Jojejol (5'2)
‘y3buals a)asnw 71-8 IM 951249%Xd YN/sdaa IM b 1ewsaixa diy + 8'09/(+'9) 910¢,,1 1
diH ‘uleddi  juawiealnNsod OVPpPE JOSIdS € 10JM/x§ S ddue3sisay T1-840S19S € Jofim/xG S 9SI219Xa 3dUB)SISaY 98/98 509 vI/v1 mjeeueN
Aysuayut ybry
2.nyIpuadxa uiw ¢ Aq pamoy)os IM ZT
AbJ1aua Hjead sead oA 1oy bupjiem (A9
2o ‘tpBUaLYS ApIsuajul Moy Uil 1584 JO 6'65/(v°L) ¥10T ¢, 1838
a1Isnw ybiy L AM T Oy ow ¢ VN VN VN SUON €-7 405195 G2 M/ulw 09 aH Buppjem jentaiul 4N €09 vI/vT ewlyston
bulieaq bu11242 1939Wob.Is
1yb1am jenied + burieaq 3ybrom (1°8)
9€-4S ‘INI4 AT pue AM g +9512.19%3 AM € 1IN4 + 3SI2I9X%3 8'89/(5°L) 10T ¢,'181®
‘SUN DVINOM  judwieainsod OV P /L-¥ UIW 06/4N  10JIM/xG S uleyd uado UIW06/4N 03 M/xG S pajualiodse| 95/%9 5'69 05/0S 9UOdIJUON
ainseaw pdn-mojjo4 >Hels quoneinp  Asuanbaly . buimes uoljuaAlauI quoneanp  Aduanbaiy  BuIRS UOUAAIRIULJO AAAL % ‘USWIOM K‘(@s) "oN ‘azs 921n0S
awo2nQ pue awnjop J0adA| pue awnon uesw ‘aby  d)dwes
(s)dnoub j013u0) dnoJb uonuanlRu| dnoub 1043u03/dnoJb uoruIAIRU|

(PeNUNUOY) SBIPMIS PAPN|IU| B3 JO SINSLIBIIRIELD 'L 3|qe]

8/20

February 26,2021

[5 JAMA Network Open. 2021;4(2):e210254. doi:10.1001/jamanetworkopen.2021.0254

https://jamanetwor k.com/ on 04/15/2021

Downloaded From



JAMA Network Open | Physical Medicine and Rehabilitation Evaluation of Exercise Interventions and Outcomes After Hip Arthroplasty

patients, with a mean (SD) sample size of 28 (19) patients and total sample across all studies of 1252
patients. Preoperative programs had a typical duration of 4 to 12 weeks (range, 1-12 weeks) and were
performed for 2 to 7 days per week (mean [SD], 6.6 [1.7] days per week). Postoperative training
interventions had a typical duration of 6 to 12 weeks (range, 3-12 weeks) and were performed for 2 to
7 days per week (mean [SD], 3.9 [1.3] days per week).

Data Synthesis

For the trial by Jan et al,®* we pooled the 2 intervention groups together, given that they were
presented as low and high adherence groups for the same intervention. The trial by Mikkelsen et al®®
was a cluster RCT. The sample size was not affected by the design of the trial, given that the design
effect was 1 (intracluster correlation coefficient = 0).2 For 5 trials,>9->2>>7889 we could not obtain all
relevant trial data for our analyses, even after contacting the authors. Four trials®®¢>6978 reported
the median values and either range or percentiles. Winther et al®° reported pain intensity outcomes
only via a graph. Trudelle-Jackson et al”® reported muscle strength outcomes only via a graph. We
imputed these values via Graph Digitizer. We imputed posttest SDs for 2 trials.>> In both trials, we
used the pooled pretest SDs of the respective trial to calculate an SMD. The trial by Holsgaard-Larsen

etal®®

reported change from baseline data only, which we transformed assuming a conservative
correlation coefficient between the preintervention and postintervention SD of r = 0.9. We also
assumed that the preintervention and postintervention SDs of the change scores were equal.>' We
performed a sensitivity analysis with a less conservative value of r = 0.5 to determine if the results of
the meta-analysis would be markedly changed, and they were not (eAppendix 7 in the Supplement).

46,4749-54 Vs

Preoperative studies were classified as usual care or no or minimal intervention
active control.*¢*® One study by Doiron-Cadrin et al*® contributed to both comparator categories.
For postoperative studies we categorized the studies as active contro|®->9:65-67.70.72.75.76.78.79 3nd

55,56,58-64,68,69,71,73,74,77,79,80 Two Studies77'79 contributed to

usual care or no or minimal intervention.
2 comparator categories. We did not calculate 95% Pls owing to the low number of studies.>®

Assessment of publication bias was also not performed owing to the small number of studies.>”

Risk of Bias and GRADE Assessment

We assessed the risk of bias of every outcome for every follow-up time point with the Cochrane Risk
of Bias Tool 2.0 (eAppendix 3 in the Supplement). Summary risk of bias plots were created for
meta-analytic outcomes only (eAppendix 4 in the Supplement). No study outcome was rated as low
risk of bias. The study outcomes were rated overall with some concerns or with a high risk of bias.
The certainty of the evidence was rated as very low for meta-analytic outcomes of self-reported
physical function of preoperative studies, and the certainty of evidence for hospital LOS was rated as
moderate. For the postoperative outcomes, the evidence was rated as very low to moderate for
self-reported physical function and very low for hip muscle strength (eAppendix 5 in the
Supplement). The main reasons for downgrading the evidence were risk of bias, inconsistency, and
imprecision. Publication bias could not be assessed because the number of studies was fewer than
10. Indirectness was not a problem, as this review encompasses specific populations, types of
interventions, and outcome measures.

Meta-analysis

A meta-analytic summary for the primary outcome (ie, self-reported physical function), hospital LOS,
and hip muscle strength are shown in Table 2. The other secondary outcomes could not be pooled
because of a lack of a sufficient number of studies for an outcome (ie, <3). This was owing to not
reporting for a certain follow-up time point, belonging to a different comparator group, and not
reporting the outcome for the analysis. These results were summarized with a risk of bias rating and
calculated effect sizes for all studies not included in a meta-analytic summary (eAppendix 6 in the
Supplement). The secondary outcome of anxiety could not be assessed, as this was not reported.

[5 JAMA Network Open. 2021;4(2):e210254. doi:10.1001/jamanetworkopen.2021.0254 February 26,2021 9/20

Downloaded From: https://jamanetwor k.com/ on 04/15/2021


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0254&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0254
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0254&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0254
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0254&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0254
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0254&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0254
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.0254&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.0254

JAMA Network Open | Physical Medicine and Rehabilitation

Evaluation of Exercise Interventions and Outcomes After Hip Arthroplasty

Preoperative Exercise Interventions and the Primary Outcome

of Self-Reported Function

Atotal of 7 studies*4749-5052-54 ware included in the meta-analyses. Meta-analysis could be
performed for self-reported physical function for exercise training compared with usual care or no or
minimal intervention at the time points closest to 1year#®-50-535% 46:4749,50.52.54

of follow-up (Figure 2A). There was no significant effect size in favor of the usual care or no or

and 12 weeks

Table 2. Certainty of Evidence

Studies included in Standardized mean Reasons for
Outcome meta-analysis difference (95% Cl) 12 (95% Cl), % Studies, No. Certainty rating downgrade
Preoperative exercise
Function, follow-up
Closest to 1-y? Bitterli et al,>* 2011; Gocen 0.01to (-0.37 to 34to(0to77) 4 Very low Risk of bias,
et al,*° 2004; Holsgaard-Larsen 0.40) inconsistence,
et al,”® 2020; Vukomanovi¢ imprecision
etal,>3 2008
Closest to 12-wk? Bitterli et al,°>* 2011; Doiron- -0.14to (-0.61 to 51to(0to81) 6 Very low Risk of bias,
Cadrin et al,*® 2019; Ferrara 0.32) inconsistence,
et al,*” 2008; Gocen et al,*° imprecision
2004; Holsgaard-Larsen et al,>°
2020; Villadsen et al,>2 2014
Preoperative exercise
Length of stay® Bitterli et al,°>* 2011; Oosting -0.21(-0.74t00.31) 0.0(0.0to13.4) 3 Moderate Risk of bias
etal,®! 2012; Vukomanovié¢
etal,®3 2008
Postoperative exercise
Function, follow-up
Closestto 1y? Austin et al,>®> 2017; Beck et al,>®  0.01 to (-0.09 to 0to (0to0) 5 Low Risk of bias,
2019; Heiberg et al,®° 2012; 0.12) imprecision
Mikkelsen et al,®® 2014; Winther
etal,2°2018
Closest to 26 weeks?® Beck et al,>® 2019; Coulter -0.04to (-0.31to 0to (0to79) 5 Moderate Imprecision
etal,”® 2017; Heiberg et al,®° 0.24)
2012; Mikkelsen et al,®® 2014;
Monhagan et al,”* 2016
Closest to 12 weeks® Coulter et al,>® 2017; Mikkelsen ~ -0.08 to (-0.23 to 0to (0to0) 4 Moderate Imprecision
et al,®? 2012; Mikkelsen et al,°®  0.07)
2014; Winther et al,%° 2018
Closest to 4 weeks? Austin et al,>> 2017; Coulter 0.01to (-0.18 to 0to(0to37) 4 Moderate Imprecision
etal,”® 2017; Mikkelsen et al,*®>  0.20)
2012; Mikkelsen et al,®® 2014
Closest to 1y° Bodén and Adolphson,®” 2004; -0.68to0 (-2.25to 52to (0to 86) 3 Very low Risk of bias,
Maire et al, 2003,°° 2004,°¢and  0.88) inconsistence,
2006°7; Monticone et al,”? 2014 imprecision
Closest to after the Mitrovic et al,”® 2016; Monticone -0.57 to (-1.44 to 38to (0to81) 3 Very low Inconsistency,
intervention® et al,”2 2014; Trudelle-Jackson 0.30) imprecision
etal,”® 2004
Hip abduction strength,
follow-up
Closest to 1y? Beck et al,>® 2019; Husby et al, -0.19to (-0.70 to 0to (0to 82) 3 Very low Risk of bias,
2009°* and 2010°2; Winther 0.31) inconsistence,
etal,®°2018 imprecision
Closest to 26 weeks?® Beck et al,>® 2019; Husby et al, -0.39to (-0.91 to 55 to (0 to 83) 5 Very low Risk of bias,
2009°6* and 2010°2; Johnsson 0.13) inconsistence,
et al,®* 1988; Mikkelsen et al,®® imprecision
2014; Winther et al,%° 2018
Hip flexion strength, follow-up Beck et al,>® 2019; Johnsson -0.20to (-1.29to 58 to (0 to 88) 3 Very low Risk of bias,
closest to 26 weeks? et al,®* 1988; Mikkelsen et al,°®  0.90) inconsistence,
2014 imprecision
Hip abduction strength,
follow-up
Closest to 12 weeks?® Mikkelsen et al,° 2012; -0.26 to (-1.28 to 54 to (0 to 87) 3 Very low Inconsistence,
Mikkelsen et al,®® 2014 Winther ~ 0.76) imprecision
etal,2°2018
Closest to 4 weeks? Husby et al, 2009%! and 2010°%;  -0.49 to (-2.61 to 79 to (34 to 94) 3 Very low Risk of bias,
Mikkelsen et al,®® 2012; 1.64) inconsistence,
Mikkelsen et al,®® 2014 imprecision
Closest to after the Husby et al, 2009°* and 2010°%;  -0.46 to (-1.57 to 65 to (0 to 88) 4 Very low Risk of bias,
intervention? Jan et al,®3 2004; Nanakaku 0.65) inconsistence,
etal,”#2016; Unlu et al,”® 2007 imprecision

2 Compared with usual care or no or minimal intervention.

b Compared with an active control.
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minimal control group (4 studies: SMD, 0.01[95% Cl, -0.37 to 0.40]; I? = 34.2% [95% CI, 0%

to 76.9%]) or in favor of the intervention group (6 studies: SMD, -0.14 [95% Cl, -0.61to 0.32];

I? = 51.0% [95% Cl, 0% to 80.6%]) at 1-year and 12-week follow-up. All estimates were rated at a
very low level of certainty per GRADE (eAppendix 5 in the Supplement). A meta-analysis could not be
performed for intervention vs active control owing to a paucity of studies.

Preoperative Exercise Interventions and the Secondary Outcome of Hospital LOS
Three®">*>* studies reported on hospital LOS. Compared with usual care or no or minimal
intervention, we found a no association of preoperative exercise with hospital LOS (3 studies: MD,
-0.21[95% Cl, -0.74 to 0.31]; I = 0% [95% Cl, 0% to 13.4%]) at a moderate rating of certainty
(Figure 2B).

Postoperative Exercise Interventions and the Primary Outcome

of Self-Reported Function

Atotal of 8 studies>>°6-58.60.68697180 \yare included in the meta-analyses. We conducted 4 meta-
analyses comparing exercise interventions with usual care or no or minimal intervention at the
follow-up closest to 1year,>>°66068:80 )G \eeks,56-5860.68.71 1) yeeks, 58686980 3nd 4
weeks>>>868:59 (Figure 3). At the follow-up closest to 1year, we found no statistically significant
association of postoperative exercise with physical function (5 studies: SMD, 0.01[95% Cl, -0.09 to
0.12]; > = 0.0% [95% Cl, 0% to 0%]) with a low level of certainty on GRADE (eAppendix 5 in the
Supplement). At the follow-up closest to 26 weeks, we no statistically significant association of
postintervention exercise with physical function for the intervention compared with the usual care

Figure 2. Outcomes for Preoperative Exercise Intervention vs Usual Care or No or Minimal Intervention
at Follow-ups

E Follow-up closest to 1 y and 12 wk for self-reported function for preoperative exercise

Favors @ Favors

Source SMD (95% Cl) intervention : control Weight, %

Closestto 1y
Bitterli et al,>4 2011 0.47 (-0.04 t0 0.97) — 15.4
Gocen et al,49 2004 -0.22 (-0.73t0 0.29) —a—— 15.1
Holsgaard-Larsen,>0 2020 -0.06 (-0.17 to 0.06) [ ] 59.3
Vukomanovic et al,33 2008 0.07 (-0.58 t0 0.73) 10.1
Random effects model 0.01(-0.37 t0 0.40) - 100
Heterogeneity: 12=34%, x3=4.56 (P=.21)

Closest to 12 wk
Bitterli et al,>4 2011 0.49 (0.00 t0 0.98) —a— 20.7
Doiron-Cardrin al, 46 2019 -0.76 (-1.84t00.32) —— = —— 5.2
Ferrara et al,47 2008 -0.86 (-1.76 t0 0.04) e 7.3
Gocen et al,49 2004 -0.05 (-0.56 to 0.46) o 19.2
Holsgaard-Larsen,>0 2020 -0.17 (-0.63 t0 0.29) e e 22.8
Villadsen et al,>2 2014 -0.22(-0.65t00.21) —— 24.9
Random effects model -0.14(-0.61t0 0.32) B — 100
Heterogeneity: 12=51%, x2=10.29 (P=.07)

2 1 0 1 2
SMD (95% Cl)
Length of stay in the hospital (d) for preoperative exercise
Favors | Favors

Source MD (95% CI) intervention : control Weight, %
Bitterli et al,>4 2011 0.00(-1.12t0 1.12) — 38.4
Oosting et al,>1 2012 -0.30(-1.51t00.91) 4.:77 32.7
Vukomanovic et al,>3 2008 -0.40 (-1.69 t0 0.89) ] : 28.8
Random effects model -0.21(-0.74100.31) —_—— 100
Heterogeneity: 12=0%, x3=0.24 (P=.89)

S

MD (95% CI)

Individual study outcomes are indicated with squares,
and larger squares indicate more study weight.
Diamonds indicate overall finding; MD, mean
difference; and SMD, standardized mean difference.
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or no or minimal intervention (5 studies: SMD, -0.04 [95% CI, -0.31to 0.24]; I> = 0% [95% Cl, 0%
to 79.1%]). There was no significant association for the intervention group at the follow-up closest to
12 weeks (4 studies: SMD, -0.08 [95% Cl, -0.23 to 0.07]; * = 0% [95% Cl, 0% to 0%)]) or at the
follow-up closest to 4 weeks (4 studies: SMD, 0.01[95% Cl, -0.18 to 0.20]; I* = 0% [95% CI, 0% to
37.3%]). These results all had a moderate GRADE rating.

Figure 3. Outcomes for Postoperative Exercise Intervention vs Usual Care or No or Minimal Intervention at Follow-ups

@ Follow-up closest to 1y, 26 wk, 12 wk, and 4 wk for
self-reported function for postoperative exercise

Follow-up closest to 1y, 26 wk, 12 wk, and 4 wk and after the

intervention for hip abduction strength for postoperative exercise

Favors ; Favors Weight, Favors Weight,
Source SMD (95% CI) intervention : control % Source SMD (95% Cl) intervention %
Closestto 1y Closestto 1y
Austin et al,55 2017 0.01 (-0.41 t0 0.43) —— 26.0 Beck et al,56 2019 -0.22(-0.63100.18) = 45.3
Beck et al,56 2019 0.10(-0.37t0 0.58) —— 20.3 Husby et al,61 2009 -0.55(-1.44t00.33) — 19.9
Heiberg et al,50 2012 0.05 (-0.42 t0 0.53) —— 203 Winther et al,80 2018 0.00 (-0.55 t0 0.55) —— 34.8
Mikkelsen et al,®8 2014 -0.13 (-0.63t00.37) . 18.5 Random effects model -0.19(-0.70t0 0.31) < 100
Winther et al,80 2018 0.00 (-0.55 t0 0.55) —— 14.9 Heterogeneity: 12=0%, x3=1.13 (P=.57)
Random effects model 0.01 (-0.09 t0 0.12) 100 Closest to 26 wk
Heterogeneity: 12=0%, x3=0.47 (P=.98) Beck et al,56 2019 -0.43 (-0.80 to -0.06) = 28.5
Closest to 26 wk Husby et al,®1 2009 -0.40 (-1.22t0 0.43) — 13.0
Beck et al,%6 2019 -0.06 (-0.43 t0 0.31) —— 27.7 Johnsson et al,54 1988 -0.66 (-1.40t0 0.07) —— 15.1
Coulter et al,58 2017 -0.05 (-0.45 t0 0.35) — 23.3 Mikkelsen et al,%8 2014 0.23(-0.27 t0 0.73) L 22.9
Heiberg et al,50 2012 0.22 (-0.26 t0 0.70) —— 16.4 Winther et al,80 2018 -0.84 (-1.40t0 -0.27) —— 20.4
Mikkelsen et al,68 2014 0.12(-0.34t0 0.58) —— 17.7 Random effects model -0.39(-0.91t00.13) o 100
Monhagan et a,’! 2016 -0.43 (-0.93 t00.07) . 14.9 Heterogeneity: 12=55%, x}=8.84 (P=.07)
Random effects model -0.04 (-0.31t0 0.24) 100 Closest to 12 wk
Heterogeneity: 12=0%, x3=3.98 (P=.41) Mikkelsen et al,69 2012 -0.06 (-0.65 t0 0.53) —a— 30.8
Closest to 12 wk Mikkelsen et al,68 2014 0.00 (-0.50 to 0.50) L 36.3
Coulter et al,58 2017 -0.07 (-0.47 t0 0.33) —— 46.2 Winther et al,80 2018 -0.74 (-1.29t0 -0.19) —-— 33.0
Mikkelsen et al,%9 2012 -0.01(-1.05 to 1.04) 6.7 Random effects model -0.26 (-1.28 t0 0.76) e 100
Mikkelsen et al,68 2014 -0.22(-0.81t00.37) — 21.0 Heterogeneity: 12=54%, x3=4.39 (P=.11)
Winther et al,80 2018 0.00 (-0.53 t0 0.53) —— 26.0 Closest to 4 wk
Random effects model -0.08 (-0.23 10 0.07) ¢ 100 Husby et al,1 2009 -1.56 (-2.48t0-0.64) —=— 209
Heterogeneity: 12=0%, x3=0.33 (P=.96) Mikkelsen et al,69 2012 -0.20 (-0.79 to 0.40) —a 36.3
Closest to 4 wk Mikkelsen et al,68 2014 0.10 (-0.40 to0 0.60) - 42.8
Austin et al,55 2017 0.03 (-0.39 t0 0.45) —— 31.2 Random effects model -0.49 (-2.61t01.64) ——=mEI=—— 100
Coulter et al, 8 2017 0.06 (-0.34 t0 0.46) - 343 Heterogeneity: 12=79%, x5 = 9.69 (P <.01)
Mikkelsen et al,69 2012 0.09 (-0.45 t0 0.63) — 18.9 Closest to after the intervention
Mikkelsen et al,68 2014 -0.22(-0.81100.37) —— 15.6 Husby et al,1 2009 0.32(-0.49t0 1.12) —= 233
Random effects model 0.01 (-0.18 t0 0.20) ¢ 100 Jan et al,®% 2004 -0.14 (-0.68 t0 0.40) —— 36.9
Heterogeneity: 12=0%, x3=0.73 (P=.87) Nanakaku et al,”4 2016 -1.04 (-1.83 t0 -0.25) — 23.8
35 00 1 2 Unlu et al,”® 2007 -1.18(-2.21t0-0.14) ——=— 16.1
SMD (95% Cl) Random effects model -0.46 (-1.57 t0 0.65) - 100
Heterogeneity: 12=65%, X3=8.54 (P=.04)
——————
Follow-up closest to 1y and after the intervention 3210 1 2

for self-reported function for postoperative exercise SMD (95% Cl)

Favors
intervention

Favors Weight,
Source control %

Closestto 1y

SMD (95% CI)

@ Follow-up closest to 26 wk for hip flexion
strength for postoperative exercise

Bodén and Adolphson,>7 2004 0.02 (-0.86 to 0.90) — 17.7 Favors : Favors Weight,
Maire et al,65 2003 -1.41(-2.60t0-0.22) ——— 9.6 Source SMD (95% CI) intervention : control %
Monticone et al,’2 2014 -0.80 (-1.23t0-0.37) - 72.7 Closest to 26 wk

Random effects model -0.68(-2.25t00.88) —=mmlEm=— 100 Beck et al,>¢ 2019 -0.24(-0.61t00.13) - 42.0

Heterogeneity: 12=52%, x3=4.19 (P=.12) Johnsson et al,%4 1988 -0.73 (-1.47 t0 0.01) ——r 235
Closest to after the intervention Mikkelsen et al,68 2014 0.22(-0.28t0 0.72) ':—F 34.5

Mitrovic et al,”0 2016 -0.61(-1.08 to -0.13) —— 36.6 Random effects model -0.20(-1.29t0 0.90) <> 100

Monticone etal,’22014  -0.79 (-1.21 t0-0.37) - 48.1 Heterogeneity: 12=58%, x3=4.74 (P=.09)

Trudelle-Jackson et al,”8 2004 -0.01 (-0.75 t0 0.73) — 15.3 _m

Random eff(_ects model -0.57 (-1.44 t0 0.30) B 100 SMD (95% Cl)

Heterogeneity: 12=38%, x3=3.23 (P=.20)

32 10 1 2

SMD (95% CI)

Individual study outcomes are indicated with squares, and larger squares indicate more study weight. Diamonds indicate overall finding; SMD, standardized mean difference.
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Atotal of 5 studies®”6>67797278 ranorted on the outcome of self-reported physical function
compared with an active comparator. We performed 2 meta-analyses comparing exercise

5765-67.72 and closest to after

interventions against active controls at the closest to 1-year follow-up
the intervention’®7278 (Figure 3B). At the 1-year follow-up, we found no association of the
intervention with self-reported physical function (3 studies: SMD, -0.68 [95% Cl, -2.25 to 0.88];

I? = 52.2% [95% Cl, 0% to 86.3%]). At the follow-up closest to after the intervention, there was no
association of the intervention with self-reported physical function (3 studies: SMD, -0.57 [95% Cl,
-144t0 0.30]; I = 38.2% [95% CI, 0% to 80.6%)]). Both of these results had a rating of very low

certainty (eAppendix 5 in the Supplement).

Postoperative Exercise Interventions for the Secondary Outcome of Hip Strength
Atotal of 9 studies>6:61-64.68:69.74.79.80 \yare included in the meta-analyses of hip strength for
intervention vs usual care or no or minimal intervention. We meta-analyzed 6 outcomes for hip

56:6162.80 \ye found no

muscle strength (Figure 3C and D). At the closest to 1-year follow-up,
association of the intervention with hip abduction muscle strength (3 studies: SMD, -0.19 [95% Cl,
-0.70t0 0.31]; > = 0% [95% CI, 0% to 81.6%]). At the follow-up closest to 26 weeks, there was no
significant association of the intervention with hip abduction muscle strength>6-6"62:64.68:80 (5
studies: SMD, -0.39 [95% Cl, -0.91to 0.13]; 1> = 54.7% [95% Cl 0% to 83.3%]) or hip flexion muscle
strength®®458 (3 studies: SMD, -0.20 [95% Cl, -1.29 to 0.90]; I* = 57.8% [95% Cl, 0% to 88.0%]).
There was also no significant effect size of the intervention with hip abduction muscle strength at
the follow-up closest to 12 weeks®8698% (3 studies: SMD, -0.26 [95% Cl, -1.28 to 0.76]; I = 54.0%
[95% Cl, 0% to 87.0%]). At the follow-up closest to 4 weeks, 5626869 there was no significant effect
size for hip abduction muscle strength (3 studies: SMD, -0.49 [95% Cl, -2.61t0 1.64]; I = 79.0%
[95% Cl, 34.3% to 93.5%]), and at the follow-up closest to after the intervention,®'¢>7479 we found
no significant effect size for hip abduction muscle strength (4 studies: SMD, -0.46 [95% Cl, -1.57 to
0.651; I> = 57.8% [95% CI, 0% to 88.1%)]). All estimates were rated at a very low level of certainty per
GRADE. A meta-analysis for interventions compared with active controls could not be performed

due to a shortage of studies.

Funding and Conflict of Interest
Among included studies, 13 were funded by private or professional
organizations 48,50,51,54,56,57,59,61,64,68,69,75,78 7 were funded by government 46,60,63,67.71,73,76 and1

study was funded by a combination of these entities.>? Additionally, 4 studies declared no funding

55.58.7072 and 7 studies did not report their funding source,*749:53.74.77.79.80

46,48,50-52,54,56-59,61,63,67-74,76,78

source,

The authors declared no conflict of interest in 22 studies,
whereas the authors of 2 studies® > reported a conflict of interest, and 8 studies*”49:53.64.74.77.79.80
did not report on conflict of interest.

Adverse Events

In total, 11 studies*®->0-5257.60.68-70.72.73 (3494} reported on adverse events. Of 9 preoperative
studies, 4 studies*®>°-52 (44%) reported on adverse events. One study> reported that 1 patient
dropped out owing to increased pain. All other studies reported no serious adverse events. Of 23
postoperative studies, 7 studies (30%) reported on adverse events. The study by Mikkelsen et al®®
reported 2 patients dropped out owing to adverse reactions to the exercises prescribed. All other
studies reported no serious adverse events. We could not assess the treatment benefit-to-harm ratio
given of limitations of reporting.

Sensitivity Analyses

We performed no subgroup analysis or meta-regression owing to the low number of studies (ie, <10).
We performed sensitivity analysis for all meta-analytic outcomes via outlier identification. Studies
were defined as outliers when their 95% Cl was outside the 95% Cl of the pooled effect.3® We did not
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identify any outliers. Influence analysis showed several influential studies for self-reported physical
function at the follow-up closest to 1year for preoperative exercise training (vs usual care or no or
minimal intervention), self-reported physical function at the follow-up closest to 1year and closest to
after the intervention for postoperative exercise training (vs active control), and hip abduction
muscle strength at the follow-ups closest to 26 weeks, 4 weeks, and closest to after the intervention
(vs usual care or no or minimal intervention). We summarized the results of the influence analysis in
eAppendix 7 in the Supplement. We also performed a sensitivity analysis by conducting all meta-
analytic summaries with the standard DerSimonian and Laird approach for calculating the 95% Cl for
the pooled effect (eAppendix 7 in the Supplement). As expected, the Hartung-Knapp-Sidik-
Jonkman correction gave wider 95% Cls with higher t° values (ie, more heterogeneity) and narrower
95% Cls if there was no heterogeneity. A real impact on the 95% Cls of the pooled effect size was
only noted for the postoperative self-reported function outcome at the closest to 1year follow-up
and closest to 12 weeks follow-up.As there was no statistical heterogeneity (t* = O; I> = 0%) under
this condition, the Hartung-Knapp-Sidik-Jonkman correction gave a smaller 95% ClI for the pooled
effect. We incorporated all results of the sensitivity analyses in the GRADE rating for imprecision. One
trial®® reported change from baseline data only, which we transformed assuming a conservative
correlation coefficient between the preintervention and postintervention standard deviation of
r=0.9. We also assumed that the preintervention and postintervention SDs of the change scores

were equal.3'

We performed a sensitivity analysis with a less conservative value of r = 0.5 to see if the
results of the meta-analyses would be markedly changed, and they were not (eAppendix 7 in the

Supplement).

Protocol Deviations Compared With PROSPERO Registration

We initially aimed to conduct a meta-analysis of protocol deviations compared with PROSPERO
registration only if at least 5 studies could be included. However, owing to a low number of studies,
we conducted a meta-analysis if only 3 studies were available. Through the application of the
Hartung-Knapp-Sidik-Jonkman method for estimating the variance of the pooled effect, we hope to
remedy the effects of a low number of studies on the 95% Cl for these summary effects.?>3¢

Discussion

This meta-analysis and systematic review found that land-based preoperative exercise interventions
vs usual care or no or minimal intervention was not associated with self-reported physical function,
with very low certainty, or hospital LOS, with moderate certainty. For postoperative land-based
exercise interventions compared with usual care or no or minimal intervention, there was no
association of the intervention with self-reported physical function, with low (1 year after the
operation) to moderate (4, 12, and 26 weeks after the operation) certainty. Moreover, there was no
association of exercise intervention with hip abduction and flexion muscle strength, with very low
certainty, compared with usual care or no or minimal intervention at the 4-week, 12-week, 26-week,
or 1-year follow-ups. Our analysis comparing different active interventions of postoperative exercise
with each other showed medium effect sizes for the intervention group with very low levels of
certainty at the follow-ups closest to 1year and closest to after the intervention.

Recent clinical practice guidelines®'-83 for preoperative and postoperative rehabilitation after
total hip arthroplasty give differing recommendations. The Royal Dutch Society for Physical Therapy
(KNGF)®" and NICE®? guidelines do not universally recommend preoperative rehabilitation. While
the NICE guidelines do not recommend preoperative rehabilitation, the KNGF guidelines recommend
rehabilitation for patients who have an increased risk of delayed recovery after osteoarthritis-
related hip joint replacement. The American Academy of Orthopaedic Surgeons (AAOS) guideline®?
recommends preoperative rehabilitation, albeit with limited overall strength of evidence. Our results
arein line with these recent guidelines and support the conclusion that preoperative exercise training
may not be needed. The AAOS and KNGF guidelines recommend postoperative exercise therapy,
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with low to moderate certainty. NICE recommends supervised group or individual outpatient
rehabilitation only for certain subgroups of patients who have difficulty managing their activities of
daily living, have cognitive impairments, have specific rehabilitative needs, or find that self-directed
rehabilitation does not meet their goals. Since there was no association with self-reported physical
function or for hip muscle strength at any time point, our results support the recommendations made
by NICE. We recommend integrating our results with guidelines of the AAOS and KNGF.

A key theme for further research should be the identification of potential subgroups who might
gain an advantage by supervised group or individual outpatient rehabilitation.3 Of further interest
is the assessment of digital or internet-based interventions (eg, smartphone apps) regarding cost-
effectiveness compared with standard face-to-face interventions. Another area of interest is the
comparison of different forms of exercise therapy with each other to determine a potentially superior
mode of exercise training for rehabilitation. However, given the current paucity of literature, pairwise
meta-analyses may be limited in drawing such conclusions. Network meta-analysis may be more
suitable for determining potentially superior modes of exercise training and have recently gained
traction in the field of sports medicine.®* Studies should focus on strong methodological rigor and
larger sample sizes reduce the risk of bias and increase the certainty in observations. To ensure a low
risk of bias, placebo- or sham-controlled trials should be considered.®>%” Furthermore, the studies
should follow current guidelines for intervention description (eg, the template for intervention
description and replication checklist®6) to enable transparent evaluation and replication of
intervention programs and should report factors potentially influencing the findings (eg,
comorbidities and pain management). Moreover, reporting of adverse events needs to be strictly
implemented, as this was lacking in approximately two-thirds of all included trials.

The strengths of our study include the overall assessment of preoperative and postoperative
exercise intervention to give a concise overview of the whole rehabilitation process for total hip
arthroplasty. Furthermore, we included a number of potential outcomes, as opposed to only pain or
physical function. We also only combined studies that included hip arthroplasty, rather than those
that included other joint replacements (eg, knee arthroplasty). Statistical sensitivity analyses were
conducted to further check the robustness and validity of the results.

Limitations

This study has some limitations. There were no study outcomes with a low of risk of bias. We also
could not assess the impact of publication bias owing to too few studies. Furthermore, we could not
include all studies in the meta-analytic summaries owing to a lack of a sufficient number of studies
for some outcomes (ie, <3). This may have impacted the conclusions of this review. We tried to
remedy this by transparently reporting the study outcomes that could not be included in meta-
analyses through structured reporting of effects, as recommended by the Cochrane Collaboration.?®
We also could not assess the effect of physiotherapy on the time to return to work, because the
included studies did not report on this important variable. A further limitation of our study was that
we did not assess important covariates, such as the association of age with the outcomes, owing to
the low number of studies to perform a robust meta-regression.?* It should also be noted that the
results only apply to land-based interventions. We excluded water-based interventions, as access to
appropriate pool-facilities is not readily available in most settings. Finally, although exercise training
is considered relatively safe in general,® adverse events could not be adequately assessed given
insufficient reporting.

Conclusions

This systematic review and meta-analysis found that there was very low to moderate certainty
evidence that supervised land-based postoperative exercise interventions were not associated with
benefit compared with usual care or no or minimal intervention for self-reported function and hip
strength after hip arthroplasty. There was also very low certainty that different forms of exercise
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training were associated with better outcomes compared with each other. Furthermore, there was
very low quality evidence that preoperative exercise programs were not associated with better
results than usual care or no or minimal intervention for self-reported physical function and
moderate quality evidence for the lack of association with hospital LOS.
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