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OBJECTIVE: To assess whether prehabilitation influenced knee functioning before and within the first year after total knee arthroplasty (TKA) surgery. 
DESIGN: Intervention systematic review with meta-analysis.
LITERATURE SEARCH: The authors searched the MEDLINE/PubMED, EMBASE, CINAHL, Cochrane
Library, Physiotherapy Evidence Database, Web of Science, and Scopus databases from their inception until March 2022.
STUDY SELECTION CITERIA: The authors included peer-reviewed articles comparing preoperative, short-, mid- or long-term effects of exercise-based physical therapy before primary unilateral TKA with TKA without prehabilitation. 
DATA SYNTHESIS: We assessed bias using the Cochrane Risk-of-Bias tool (ROB 2.0) and therapeutic validity using the i-CONTENT tool. Standardized mean differences (Hedges’ g) and 95% confidence intervals (CIs) were calculated for knee functioning. Certainty of evidence was assessed using the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach. 
RESULTS: Sixteen trials (968 participants) were included; 14 qualified for meta-analysis. Low to very low certainty of evidence favored prehabilitation over no intervention for improving knee functioning before (g = 1.23; 95% CI: 0.49, 1.97) and up to 3 months after TKA (short-term: 1 day to 1 month, g = 0.90; 95% CI: 0.18, 1.61; mid-term: 6 weeks to 3 months, g =
0.45; 95% CI: 0.06, 0.84). There were no significant between-group differences at long-term follow-up (6-12 months, g = 0.07; 95% CI: −0.17, 0.30).
CONCLUSION: There was low to very low certainty of evidence that prehabilitation promotes superior knee functioning before and up to 3 months after TKA, compared to TKA alone. The long-term postoperative effects were inconclusive. 
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Title:	Preoperative prediction of postoperative physical function three months after surgery in patiiets with total knee arthroplasty.based on preoperative physical fitness and patient characetistics. 
Design: A retrospective cohort study. 
Population: Patients were eligible to participate if they were awaiting elective primary TKA between 2022-2024 at Zuyderland Medical Center, Sittard-Geleen. Inclusion criteria were; aged between 40-90 years, BMI between 18.5-50.0 kg/m2 and American Society of Anesthesiologists (ASA) Class of I-III. Patients with rheuma-/trauma indicated knee arthroplasty were excluded.
N=150
Last inclusion augustus 2024, laatste nameting december 2024
Outcome: postoperative physical function, measured by the Oxford Knee Score (OKS), 3 months after TKA surgery.
Potential predictor variables
Age, Sex, Body mass index, ASA class (range 1–3), 30sec chair stand test, 2 minute walking test, Timed up and go test, Hand grip strength, De Morton mobility index
Sample size 
The minimum acceptable sample size to test the overall fit of the regression model was calculated using the following formula 50 + 8 * X, where X was the number of predictors. This resulted in the following sample size: 50 + 8 * 9 =122. Taking into account a drop-out rate of at least 10%, 135 participants were needed. 
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Prehabilitation Improves Knee
Functioning Before and Within the First

Year After Total Knee Arthroplasty:
A Systematic Review With Meta-analysis

otal knee arthroplasty (TKA) is the treatment of choice for
patients with end-stage knee osteoarthritis (OA), inflammatory
arthritis, or osteonecrosis® when pain and/or functional
disability persists after conservative treatments.?” Primary knee
OA is the main reason for performing TKA®*—one of the most common

orthopaedic procedures.®*

© OBJECTIVE: To assess whether prehabilitation
influenced knee functioning before and within the
first year after total knee arthroplasty (TKA) surgery.

© DESIGN: Intervention systematic review with
meta-analysis.

@LITERATURE SEARCH: The authors searched
the MEDLINE/PubMED, EMBASE, CINAHL, Co-
chrane Library, Physiotherapy Evidence Database,
Web of Science, and Scopus databases from their
inception until March 2022.

@ STUDY SELECTION CITERIA: The authors
included peer-reviewed articles comparing
preoperative, short-, mid- or long-term effects of
exercise-based physical therapy before primary
unilateral TKA with TKA without prehabilitation.

© DATA SYNTHESIS: We assessed bias using the
Cochrane Risk-of-Bias tool (ROB 2.0) and therapeu-
tic validity using the i-CONTENT tool. Standardized
mean differences (Hedges' g) and 95% confidence
intervals (Cls) were calculated for knee functioning.
Certainty of evidence was assessed using the Grad-

ing of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach.

© RESULTS: Sixteen trials (968 participants) were
included; 14 qualified for meta-analysis. Low to very
low certainty of evidence favored prehabilitation over
no intervention for improving knee functioning before
(g=1.23;95% CI: 0.49,197) and up to 3 months af-
ter TKA (short-term: 1 day to 1 month, g = 0.90; 95%
Cl: 0.18, 1.61; mid-term: 6 weeks to 3 months, g =
0.45; 95% Cl: 0.06, 0.84). There were no significant
between-group differences at long-term follow-up
(6-12 months, g = 0.07; 95% Cl: -0.17, 0.30).

© CONCLUSION: There was low to very low certainty
of evidence that prehabilitation promotes superior
knee functioning before and up to 3 months after TKA,
compared to TKA alone. The long-term postoperative
effects were inconclusive. J Orthop Sports Phys Ther
2022;52(11):709-725 Epub: 20 September 2022.
doi:10.251%jospt.2022.11160

@ KEY WORDS: exercise therapy, knee joint,
physical therapy, preoperative exercise, systematic
review/meta-analysis, total knee arthroplasty

Preoperative pain, physical fitness
and impairments predict knee function-
ing after TKA.'°4%42 After being sched-
uled for surgery, patients often have to
wait weeks to months before TKA can be
performed. During this time, knee func-
tioning may decline, while pain symp-
toms increase.®**"! Better preoperative
knee functioning and physical fitness
would promote postoperative recovery.®
In nonorthopaedic fields, prehabilita-
tion—a structured exercise therapy pro-
gram delivered before surgery—improves
physical fitness. Consequently, the risk of
postoperative complications in high-risk
patients scheduled for colorectal or cardi-
ac surgery and patients undergoing intra-
abdominal surgery for cancer has been
reduced following prehabilitation.™37251
Preoperative exercise therapy may im-
prove patients’ physical status preceding
orthopaedic surgeries.*** However, it is
unclear whether a significant correlation
exists between preparation for surgery
and enhanced outcomes after major joint
replacements (eg, TKA), particularly re-
garding functioning and participation in
activities of daily living (ADL).%
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The ideal type and dose of prehabilita-
tion aimed at improving knee functioning
before and after TKA in specific patient
groups also remains unclear.'® Recommen-
dations vary substantially.>*>%° Recent sys-
tematic reviews describing positive effects
of preoperative exercise therapy on postop-
erative knee functioning, length of stay at
the hospital (LOS), strength, mobility, pain
or health-related quality of life (HRQOL)
did not assess the quality of exercise pro-
grams.'?%27 Vasileiadis et al”” and Yin et al®?
were unclear regarding the efficacy of pre-
habilitation at different time points before
or after surgery. No systematic review has
yet analyzed the effect of prehabilitation at
recovery-relevant preoperative and post-
operative measurement points (eg, early
rehabilitation). It remains unclear wheth-
er time-bound effects impact preoperative
and/or postoperative knee functioning in
terms of recovery time (eg, pain).

We estimated the effect of exercise-
based prehabilitation (compared with no
prehabilitation) on preoperative and post-
operative knee functioning. We aimed to
address the following clinical question:
Does prehabilitation influence knee func-
tioning before and within the first year
after primary unilateral TKA?

METHODS

E USED THE POPULATION, INTER-
WVention, Comparison, Outcome,

Context, Study design (PICOCS)
methodology to formulate our research
question (see APPENDIX 1: TABLE 5, available
as supplemental file). The Preferred Re-
porting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement,*
and extension for searching (PRISMA-S),*
were followed for conducting and report-
ing this systematic review and meta-anal-
ysis. The research protocol was registered
prospectively on March 15, 2021, in the
PROSPERO registry (registration number:
CRD42021236123).

Eligibility Criteria
Trials We considered randomized con-
trolled trials (RCTs), prospective cohort
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studies, case-control studies, and case-
series that (1) included individuals aged
>18 years who were awaiting primary
unilateral TKA, (2) assessed prehabilita-
tion that included an exercise component
(eg, mobility, resistance, sensorimotor,
or endurance training) related to effi-
cacy and/or effectiveness in enhancing
knee functioning®*%° (self-reported and
objective) before and/or up to 1 year
after TKA, (3) compared preoperative
exercise-based physical therapy with no
prehabilitation, and (4) were published
between October 2000 and March 2022
in English, Dutch, or German, in a peer-
reviewed journal with full-text avail-
ability (APPENDIX 1: TABLE 6, available as
supplemental file).

Outcome Measures The primary out-
come of interest was knee functioning,
as defined by the International Classi-
fication of Functioning, Disability, and
Health (ICF) model**%%° and measured
via patient-reported outcome measures
(PROMs) (eg, Knee Osteoarthritis Out-
come Score [KOOS] and Function
Score [FS]) and physical performance
tests (eg, strength and range of motion
[ROM]). We considered outcomes in 4
time periods: (1) preoperative, (2) short-,
(8) mid-, and (4) long-term follow-ups),
encompassing preoperative and postop-
erative measurement points up to 1 year
after surgery. Secondary outcomes (LOS,
HRQOL, costs, and pain) are presented
descriptively. Primary outcome measures
for meta-analysis were only clustered af-
ter data extraction for the 4 time periods.
All trials that met the above eligibility
criteria and included PROMs or physical
performance tests concerning knee func-
tioning were included.

Data Sources and Searches

The search strategy was designed by 2
authors (L.M. and P.G.) assisted by a se-
nior librarian. The following databases
were searched in October/November
2020, in July 2021 and in March 2022:
MEDLINE/PubMed, EMBASE (Ovid),
CINAHL (EBSCO), Cochrane Library,
Physiotherapy Evidence Database, Web of

Science, and Scopus. Reference lists and
bibliographies of included articles were
also checked. The search strategy was
based on terms included in the research
question, using a combination of MeSH
(Medical Subject Headings) and keyword
terms (APPENDIX 1: TABLES 5 and 6, available
as supplemental file).

Study Selection and Data Extraction
Screening and selection were done by 2
independent reviewers (L.M. and P.G.)
using the Rayyan QCRI* web applica-
tion with another author (T.L.) serving as
a referee in case of disagreement. After
removal of duplicates, titles and abstracts
of all records were screened. For records
considered to satisfy the selection crite-
ria, full-text articles were obtained for
data synthesis.

Two authors (.M. and P.G.) separately
extracted data using a custom extraction
form. The following items were recorded:
study characteristics (author information,
design, date and place of publication,
number of participants, and loss-to-fol-
low-up rate), patient characteristics (eg,
study groups, age, sex, and body mass
index), outcome measures (eg, type of as-
sessments, measuring points, and main
outcomes), and types of intervention (eg,
setting, duration, frequency, intensity, and
content). Authors were contacted about
missing essential data or uncertainties.

Risk-of-Bias Assessment
The Cochrane Risk-of-Bias assessment
tool (RoB 2.0)* was used to analyze in-
ternal validity (bias) in RCTs by rating
5 domains of the study design: (1) ran-
domization process; (2) deviations from
intended interventions; (3) missing out-
come data; (4) measurement of outcome;
(5) selection of reported results. Ratings
per domain were low risk of bias, some
concerns, or high risk of bias. An algo-
rithm summarized the overall risk of bias
for each trial.®

Certainty of evidence was assessed by the
Grading of Recommendations Assessment,
Development, and Evaluation (GRADE)®
framework. The scale starts at high quality
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for RCTs, and certainty of the overall body
of evidence was therefore downgraded for
each comparison if 1 or more of the other
5 GRADE criteria were present.

Therapeutic quality and suitability of
the exercise programs to enhance knee
functioning presented in the included tri-
als were assessed using the i-CONTENT
tool.?® Seven domains were rated: (1) pa-
tient selection, (2) qualified supervisor, (3)
type and timing of outcome assessment,
(4) dosage parameters, (5) type of exercise,
(6) safety of the exercise program, and (7)
adherence to the intervention. Each do-
main was judged low or high risk for in-
effectiveness.? Our review considered the
dosage of resistance training to improve
physical performance (eg, strength) as ad-
equate when the applied intensity resulted
in volitional failure, suggesting that the
training stimulus provoked neuromuscu-
lar and/or myofibrillar adaptation.>*

Data Synthesis and Analysis

A random effects model was used to es-
timate the magnitude of the treatment
effects of prehabilitation on knee function-
ing before and after TKA compared with
TKA without prehabilitation. Outcomes
used for meta-analysis were grouped and
selected after data extraction. As previous
systematic reviews reported high variabil-
ity between trials, we wanted to select the
greatest common denominator across tri-
als for pooled analysis.

Iftrials reported scores for subsections
of an assessment, the score for function
was used. Secondarily, the score for ADL
was used for pooling, or if no data on sub-
sections was provided, the total score was
used. I was used to assess heterogeneity,
where I? = 75%-90% indicates may be con-
siderable, I* = 50%-90% may be substan-
tial, and I? < 40% may be low.®

Standardized mean differences (SMDs:
Hedges’ g), 95% confidence intervals (CIs),
and pooled estimates were calculated for
questionnaires reporting knee function-
ing for the 4 time periods: (1) preoperative
changes were defined as those occurring
between the end of the intervention phase
and the day of surgery, (2) short-term post-

operative changes were defined as those oc-
curring between the first day and 1 month
(acute wound healing phase), (3) mid-term
changes were defined as those occurring
between 6 weeks and 3 months (functional
recovery of ADL and stabilization of struc-
tural recovery), and (4) long-term changes
were defined as those occurring between
6 and 12 months after TKA (completion
of the structural and functional recovery
phase). Hedges’ g of >0.2, >0.5, and >0.8
indicated small, medium, and large effects,
respectively.®! For the pooled analysis, the
means of included outcomes were con-
verted to the same direction. Means, SDs,

and sample sizes of each trial were used to
calculate SMDs. If only means and stan-
dard error or 95% ClIs were provided, SD
was calculated by the reviewers. In three-
arm studies, the 2 intervention groups were
combined into a single group.® If a trial
conducted more than 1 test within 1 time
period (eg, 2 and 3 months after TKA), the
latest follow-up point was included in the
meta-analysis. Where data were not avail-
able per outcome timeframe, we contacted
the authors for missing information.

Publication bias was assessed by con-
structing a funnel plot of the treatment
effect of knee functioning.

Identification of Studies via Databases and Registers

Records removed b efore screening:

- Duplicate records removed (n = 3303)
- Records removed for otherreasons (n = 0)

Records excluded

(n = 2576)

Reports notretrieved

y

(n=3)

o| Reports excluded (n =91)

"o
Records identified from:
Databases (n =5989)
5 Registers (n=0)
]
3 CINAHL (n=491)
g Cochrane (n=934)
5 Embase (n=1061)
= PEDro (n=32)
PubMed (n =833)
Scopus (n=1044)
— Web of Science (n=1594)
) A
Records screened
(n =2686)
A
Reports soughtfor retrieval
) (n=110)
£
=
3
2
O
(%] A
Reports assessed for eligibility
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3 (n=16)
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= Reports of included studies
= (n=16)
—

|
FIGURE 1. Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA) flow diagram 2020 for
the process of study selection of the final search at March 6, 2022. Abbreviation: TKA, total knee arthroplasty.

| - Study design (n=50)

- Intervention (n = 13)

- Publication type, eg, poster protocol (n = 14)
- Outcome measurements/timepoints (n=10)
- No (subgroup) analysis of TKA group (n = 3)
- Only available in Spanish language (n=1)
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STUDY AND PATIENTS’ CHARACTERISTICS OF INCLUDED ARTICLES AT BASELINE

Study
(Publication Year)
Design Country Group n Mean SD f m Mean SD
Aytekin et al* Turkey Total 44 68.8 36 8 314
(2018) IG 21 678 6.3 18 3 328 59
RCT CG 23 697 6.4 18 5 302 49
Beaupre et al’ Canada Total 131 670° 72 59 315
(2004) IG 65 670 70 39 26 320 6.0
RCT CG 66 670 70 3 33 310 50
Calatayud et al*® Spain Total 44 66.8° 37 7 315
(2017) IG 22 66.8 438 320 42
RCT CG 22 66.7 31 310 38
Cavill et al® Australia Total 41 671 22 19
(2016) IG 21 66.0 84 1 10
RCT CG 20 68.3 91 1 9
Doiron-Cadrin et al*® Canada Total TKA 34(17) 65.8 25 CF 3022
(2020) IGIP 12 (6) 613 81 10 2 306 6.1
RCT IGT 11(5) 699 91 7 4 304 36

CG 11(6) 66.7 92 8 3 295 6.2
Dominguez-Navarro et al®® Spain Total 652 7052 41 242 295
(2021) IG ST+B 20 704 6.4 13 7 29.4°
RCT IGST 24 70.8 54 14 10? 292

CG 21 702 56 14 7 297
Granicher et al** Switzerland Total 20 674 74 8 12 293¢
(2020) IG 10 66.6 75 3 7 297
RCT CG 10 681 77 5 5 283
Jahic et al®® Bosnia- Total 20 594 14 6° 271
(2018) Herzegovina  1G 10 7 3 271
RCT CG 10 7 3 271
Kim et al*® USA Total 43 67.2 6.1 19 24 324 6.3
(2021) IG 20 674 6.0 10 10 329 74
RCT CG 23 669 6.3 9 14 319 53
Mat Eil et al*® Malaysia Total 50 634 43
(2016) IG 24 62.4 22 2
RCT CG 26 64.3 21 5
Skoffer et alt’6 Denmark Total 59 70.42 36° 23 309
(2016 & 2020) IG 30 707 73 19 1 300
RCT CG 29 701 6.4 17 12 318
Topp et al”* USA Total 54z 6372 37 17 3210
(2009) IG 26 641 71 19° 7 322 59
RCT CG 28 635 6.7 18 10 320 6.1
Tungtrongjit et al”® Thailand Total 60 64.5° 507 100 24.8
(2012) IG 30 63.0 76 26 4 24.3 24
RCT CG 30 659 72 24 6 253 38
Wang et al” China Total 200 90 110
(2020) IG 100 46 54
RCT CG 100 44 56

Table continues on next page.
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STUDY AND PATIENTS’ CHARACTERISTICS OF INCLUDED ARTICLES

AT BASELINE (CONTINUED)

| tgeoery | se | BMidgm

Study

(Publication Year)

Design Country Group n Mean SD m Mean SD
Zheng et al®? China Total 120 672 85 26

(2022) IG 60 67.3 79 18

RCT CG 60 670 90 8

knee arthroplasty.
*Calculated by authors.

Abbreviations: BMI, body mass index; GC, control group; f, female; IG, intervention group; IP, in-person prehabilitation; m, male; n, number; PCT, prospec-
tive controlled trial; RCT, randomized controlled trial; SD, standard deviation; ST, strength; ST + B, strength and balance; T, tele-prehabilitation; TKA, total

RESULTS

Flow of Studies Through the Review

A total of 5989 trials were identified by
electronic and manual searches, using the
keyword strategy presented in APPENDIX 1,
TABLE 6 (available as supplemental file) and
the PRISMA 2020 statement® (FIGURE 1).
After removing duplicates, applying the
selection criteria and screening titles and
abstracts, 107 trials were retrieved for full-
text appraisal. Sixteen trials fulfilling all
inclusion criteria were included after the
final search in March 2022#4713.15.19.20,24,36,3,
6676574757985, 1] were RCTS.

Characteristics of the Included Trials
Participants The majority of participants
(mean age, 66.4 years; range, 59.4 to 70.8
years) were women (61% of 968 partici-
pants). Participants assessed by Skoffer
et al® in 2020 were excluded, as they
were identical to Skoffer et al 201657 (for
detailed eligibility criteria, see APPENDIX 3,
TABLE 8, available as supplemental file). We
included 2 (13%) 3-arm studies (different
prehabilitation settings' and different ex-
ercise programs). A detailed overview of
the patient characteristics at baseline is
displayed in TABLE 1.

Intervention Prehabilitation mainly fo-
cused on strengthening exercises for the
lower extremities and general mobility,
but differed in terms of exercise selection,
intensity, and frequency. The duration of
prehabilitation protocols varied widely,

ranging from 3 days® to 12 weeks.*!9%° In-
dividual therapy sessions lasted from 30 to
60 minutes and were conducted at home
(from 3 times daily to once a week), at the
clinic (3-5 times a week), or both. Seven
(44% of 16) trials allowed for home-based
prehabilitation, and 2 (13%) trials offered
a combined setting.’**™ Unfortunately,
information on treatment location*¢ and/
or duration** of prehabilitation was not
provided by 2 (13%) trials. Although most
trials comprehensively described the con-
tent of the preoperative intervention, the
majority did not provide information on
exercise intensity and progression. Ten
(63%) studies did not provide informa-
tion on resistance training intensity and
progression, whereas 1 study (6%) pro-
vided no information on exercise dosage.
Skoffer et al,®*%® Granicher et al,>* Domin-
guez-Navarro et al,*® and Calatayud et al'?
applied moderate to high intensity (eg,
hypertrophy training); Topp et al™ used
TheraBands for resistance, whereas Kim
et al*® intensified their aquatic training us-
ing pool noodles. Cavill et al' used ankle
cuffs to increase training intensity. Beau-
pre et al” and Zheng®’ exercised at low
intensities using isometric contractions
without external load.

Outcome Measures Treatment response
to prehabilitation regarding preopera-
tive and/or postoperative knee function-
ing over time was measured via PROMs
and physical performance tests; second-
ary outcomes are summarized (TABLE 2).%

12436072 TABLE 2 further summarizes the
outcome measures used at different time
points, as well as types and dosages of in-
terventions provided in each trial, along
with preoperative and postoperative drop-
outs and losses-to-follow-up.

Risk-of-Bias Assessment Six (38% of 16)
trials were at high risk of bias.*715:20.6779 All
6 were at high risk of bias for the missing
outcome data domain (eg, reporting loss-
to-follow-up rates in the main outcomes;
TABLE 2). Five (31%) trials showed a mod-
erate!2646:6883 rigk of bias, and 5 (31%)
trials showed a low'?2+3877 rigk of bias
(TABLE 3).

Therapeutic validity was assessed us-
ing the i-CONTENT tool, with 7 (44%)
trials satisfying the prespecified require-
ments for an overall low risk of noneffec-
tiveness (TABLE 3). Dosage of the exercise
program item was rated low risk in 7
(44%) of the trials.1319.202435,67.65 Regard-
ing the third item (type of exercise pro-
gram), 4 (25%) of the trials showed a
high risk of selecting exercises not match-
ing the purpose of the intervention.*#>7
In all trials, qualified personnel instruct-
ed and supervised interventions. In 2
(13%) trials, therapists had never or only
once personal contact with their patients,
whereas 5 (31%) trials conducted most of
their sessions in at least 1 group unsuper-
vised at home (TABLE 3). Although preha-
bilitation protocols in the examined trials
varied in contents, dosages, and settings,
all of them aimed at enhancing knee
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DESCRIPTION OF OUTCOME MEASURES AT DIFFERENT TIME POINTS, PREOPERATIVE
INTERVENTION, AND ADHERENCE TO THE PROGRAM
Measurement Points Before TKA Follow-up After TKA Prehabilitation [N Study Flow
Intervention
| sy | shortterm [l Midterm | Tie
Duration/Frequency
3 2 6 1 (setting) Dropout
Outcome Measures mo mo wk mo wk 10-1d TKA 17d wk mo Dosage (Intensity) rate® (%)
Aytekin et al* MT, RT, PE
Function self-reported: KOOS ~ @ 12 wk/5 x p./w. (home- 19*
Pain at rest: VAS X base.d) . 14**
. . - Isometric stretching, strength
Pain during activity: VAS X . > Qxx*
training, and patient
education
2x10 repetitions (NI)
Beaupre et al’ RT, PE
Function self-reported: * 4 wk/3 x p.Aw. (clinic-based) 0*
WOMAC Static and isotonic 12%*
Function performance ROM, X contractions, and patient 18***
strength education
HRQOL: SF36 7 3x 10-15 repetitions (low
o ) resistance)
Socioeconomic outcomes:
LOS, costs
Calatayud et al® RT, SMT
Function self-reported: * 8 wk/3 x p.Aw. (clinic-based) 8*
WOMAC, SF-36 Strength and sensorimotor 0**
Function performance: ROM, X training g
strength, TUG, SCT 5x 10 repetitions (10RM)
Pain: VAS X
Cavill et al®® RT, MT, PE
Function self-reported: PSFS * 3-4 wk/2 x p./w. (clinic- 0*
Function performance ROM, X based) 3
TUG Circuit program: strength, 5=
Pain: VAS 7 mobility (group sessions),
. . and patient education
HRQOL: EQ-5D-3L X NI ()
Socioeconomic outcome:
LOS
Doiron-Cadrin et al® RT, SMT, PE
Function self-reported: * 12 wk/7 = p./w. (clinic- or 0*
WOMAC, LEFS home-based) 3x*
Function performance: TUG, Strength and sensorimotor 0>
SCT SPW training, and patient
HRQOL: SF-36 X educatlo'n'
Level of change: GRC 2 x 10 repetitions (NI)
Dominguez-Navarro et al® RT, SMT
Function self-reported: KOOS * 12 wk/3 x p./w. (clinic- 0*
Function performance: ROM, X based) 0%
strength, TUG, BBS, Progressive strength and 39***
SLS, FR balance training
Preoperative anxiety: EQ-5D NI (50%-100% load 10 RM)
Table continues on next page.
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Type
Duration/Frequency
3 2 6 1 3 2 1 6 2 3 6 12 (setting) Dropout
Outcome Measures mo mo wk mo wk 10-1d TKA 17d wk mo wk mo mo mo mo Dosage (Intensity) rate® (%)
Grénicher et al* ET, RT, MT, SMT, PE
Function self-reported: L 4 * * 3-4 wk/1-3 x p./w. (clinic-), 0*
TAS, LS 2-3 x p./w. (home-based) 0**
Function performance: ROM, X X X Endurance (40%-70% (U
SCT HFmax), PNF-techniques,
B S . . . strength training 3-4 sets
Socioeconomic outcome: X (coordination 10%-20%
L0S. Costs ’ IRM, strength endurance
' 30%-50% IRM, hyper-
Level of change: PGIG X trophy 50%-80% IRM),
sensorimotor training (3-4
sets of 30-60 s), patient
education
Jahic et al®® RT, MT
Function: self-reported: * * L 4 ® x & 6wk/3xpd. (home-based) 0*
KS, FS Quadriceps strengthening, 0**
flexibility, and resistance (Ol
training
NI (NI)
Kim et al*® RT, ET, MT, PE
Function self-reported: * * * 4-8 wk/3 = p.Aw. (clinic- 0*
WOMAC, MAT-sf based)
Function performance: SPPB X X X Low intensity resistance, low 2
Pain: VAS . . . intensity endurance and Qe
Psychological status: GDS-SF X X X mOblhty. aqua-traln.| e,
and patient education
SEC 60 min, increased intensity
depending on tolerance
(NI)
Mat Eil et al® ET RT
Function self-reported: KOOS * X * 6 wk/2 x p./w. (NI) 0*
Function performance: ROM X X X Cycling, circulation exercises, 0=
isometric contractions Q#**
5055 (NI)
Skoffer®” 2016 RT
Function: self-reported: KOOS * * * X * 4 wk/3 x p.Aw. (clinic-based) 0*
Function: performance: ROM, X X X X X Strength training on 8
strength, TUG, 30sSTS, machines s
BMWT 10mWT, knee joint 60 min, 3 sets (12-8 RM)
effusion
Pain: NRS X X X X X
HRQOL: 0-100 Rating Scale X X X X X

Table continues on next page.
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Duration/Frequency
6 1 3 2 1 6 2 3 6 12 (setting) Dropout
Outcome Measures wk mo wk 10-1d TKA 17d wk mo wk mo mo mo mo Dosage (Intensity) rate? (%)
Skoffer et al*® 2020 RT
Function self-reported: KOOS € 4wk/3x p.Aw. (clinic-based) 0*
Function performance: ROM, X Strength Itraining on 8*
strength, TUG, 30sSTS, X machines 17
6MWT, 10mWT, knee joint 60 min, 3 sets (12-8 RM)
effusion
Pain: NRS X
HRQOL: 0-100 rating scale
Topp et al”* RT
Function performance: X X X X 4 wk/3 x p./w. (clinic- and 0*
Strength, 30sSTS, 6MWT, home-based) 0**
SCT Resistance and step training Qxx*
Pain: VAS X X X X Type of Thera Band (NI)
Tungtrongjit et al™® RT
Function self-reported: * * * o 3 wk/3 x p./d. (home-based) 0*
WOMAC Resistance training
Function performance: ROM, X X XX 10 repetitions, 6 s hold 20's 0=
strength relax (NI) o=
Pain: VAS X X X X
Wang et al”® RT, SMT
Function self-reported: * * 4 wk/3 x p.Aw. (home-based) 57+
WOMAC, BI, HSS, MFES Otago exercise program, 7¥*
Function performance: ROM, X XX isometric resistance, and (U
HSS, BI X X sensorimotor training
30-40 min gradually
increased intensity, 30 x
10s (NI)
Zheng et al®? X X X MT, RT 0*
Function self-reported & X X X 3d/4-6 = p./d. (NI) 0**
performance: KSS X X X Joint mobility training 5 s 0***
Pain: VAS hold 5 s relax 20 x (NI)
Isometric resistance and
stepping training 15-20 s
hold, 20 = (NI)

Abbreviations: 6MWT, 6-min walking test; 10mWT, 10-m walking test; BBS, Berg Balance Scale; BI, Barthel Index; d, day(s); EQ-5D-3L, European
Quality of Life 5 Dimensions 3 Levels; EQ-5D-5L, European Quality of Life 5 Dimensions 5 Levels; ET, endurance training; FR, functional reach; FS,

Function Score; HFmax, maximum heart rate; HSS, Hospital for Special Surgery Score; HRQOL, health-related quality of life; KOOS, Knee Osteoarthritis
Outcome Score; KS, Knee Score; KSS, Knee Society Score; LEFS, Lower Extremity Functional Scale; LOS, length of stay; LS, Lysholm Score; MEFS, Min-
nesota Executive Function Scale; MT, mobility training; mo, month(s); NI, no information; NRS, numeric rating scale; PE, patient education; p./d., per
day; PGIC, Patient Global Impression of Change; PSFS, Patient-Specific Functional Scale; Preop, preoperative; p./w., per week; RM, repetition maximum;
ROM, range of motion; RT, resistance training; SCT, stair climbing test; SF-36, Short Form 36; SLS, single-leg stance; SMT, sensorimotor training; SPW,
self-paced walk; STS, sit-to-stand; TAS, Tegner Activity Scale; TKA, total knee arthroplasty; TUG, Timed Up and Go; VAS, visual analogue scale; wk,
week(s); WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; ®, included in meta-analysis of treatment effect; x, not included in
meta-analysis.

2Dropout rate: *, cancelled surgery due to improvement (only IG); **, drop-out before surgery/cancelled surgery due to other (medical) reasons; ***, loss-to-
Jollow-up rate.

716 | NOVEMBER 2022 | VOLUME 52 | NUMBER 11 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY





Downloaded from www.jospt.org at on March 7, 2023. For personal use only. No other uses without permission.

Copyright © 2022 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

METHODOLOGICAL QUALITY ASSESSED ON RoB 2.0 AND THERAPEUTIC VALIDITY
ASSESSED ON I-CONTENT
Study D1 D2 D3 D4 D5  Overall Bias 1 2 3 4 5 6 7 Conclusion
Aytekin et al* ! L H ! L H L H H L L L L H
Beaupre et al’ L L H L L H L H H L L L L H
Calatayud et al® L ! L L L ! L L L L L L L L
Cavill et al® L ! H L L H L H H L L L L H
Doiron-Cadrin et al* L L L L L L L L L L L L H L
L L L L L L
Dominguez-Navarro et al?* L L H L L H L L L L L L L L
L L H L L H
Granicher et al* L L L L L L L L L L L L L L
Jahic et al*® L L L ! L ! L H L L L L H H
Kim et al*® L L L L L L L L L L L L L L
Mat Eil et al® L L L ! L ! L H L L L L L H
Skoffer®” 2016 L ! H L L H L L L L L L L L
Skoffer et al®® 2020 L L ! L L ! L L L L L L L L
Topp et al”* L L L L L L L H L L L L L H
Tungtrongjit et al”® L L L L L L L H H H L L H H
Wang et al” L L H L L H L H L L L L L H
Zheng et al®® L L L ! L ! L H L H L L H H
2RoB 2.0: DI, randomization process; D2, deviations from the intended interventions; D3, missing outcome data; D4, measurement of the outcome; D5, selec-
tion of the reported result; !, some concerns; H, high risk for bias; L, low risk for bias; *, three-arm study.
Y-CONTENT: 1, patient selection; 2, dosage of the exercise program; 3, type of the exercise program; 4, qualified supervisor; 5, type and timing of the outcome
assessment; 6, safety of the exercise program; 7, adherence to the exercise program; H, high risk for noneffectiveness; L, low risk for noneffectiveness. Conclu-
sion: H, 1 of domain 1-3 rated high and/or 2 of domain 4-7 rated high.

functioning in patients awaiting TKA.
Despite the diversity of exercise programs
and measurement points (TABLE 2), as well
as differences in methodological quality
(TABLE 3), there were general similarities
between trials regarding the purpose of
prehabilitation, the investigated outcome
parameters, and patient characteristics
(TABLE 1).

Effect of Prehabilitation

on Knee Functioning

All 16 trials assessed preoperative and
postoperative knee functioning by PROMs
and/or physical performance tests, where
PROMs qualified for pooled analysis as
14 (93% of 16) trials reported detailed
data on these self-reported outcomes
(TABLE 2).°6607° We synthesized preopera-
tive and short-, mid-, and long-term fol-
low-ups results for FS, KOOS (subscale
ADL), Patient-Specific Functional Scale

(PSFS), Tegner Activity Scale, and West-
ern Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) (subscale
Sfunction or total score) (FIGURES 2 - A-D).%>%3
Two trials (13% of 16) provided insufficient
numerical data for pooling.™% Owing to
high methodological diversity, the data to
evaluate the physical performance tests
and the secondary outcomes are presented
descriptively (TABLE 2).

Preoperative Effects Eight (50% of 16)
trials reported on the preoperative effects
after prehabilitation. The preoperative ef-
fect sizes regarding knee functioning fa-
vored the intervention, although 2 (13%)
trials found no significant effects. The
overall ES based on Hedges’ g =1.23 (95%
CI: 0.49, 1.97) suggested a large signifi-
cant overall effect (FIGURE 2 - A). Patients
who received prehabilitation improved
significantly after the intervention pe-
riod compared with control, regarding

strength outcomes in 3 (75% of 4132067
trials, regarding the timed up and go
(TUG)™?° and sit-to-stand (STS)?867
tests in 2 (66% of 3), regarding ROM in
1(50% of 2)," regarding pain levels in 2
(66% of 3),'267 and regarding HRQOL in
1 (33% of 3).”* There were no differences
for preoperative stair climbing (SC)'*** or
walking tests.!92

Short-term Effects Six (38% of 16) tri-
als reported favorable postoperative
short-term effects on knee functioning.
Two (13%) trials reported a significant
positive effect. Overall, there was a sig-
nificant large effect; g = 0.90 (95% CI:
0.18, 1.61) (FIGURE 2 - B). One (100% of
1) trial®® measured a significant effect
on strength, 2 (100% of 2) trials showed
improvements in TUG'™%” and ROM, "7
1 (100% of 1)* in SC, 1 (50% of 2)™ in
HRQOL, and 2 (50% of 4)'*% in pain
levels.
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Preoperative Knee Functioning
Prehabilitation Control

Study Mean £ SD Total, n Mean * SD Total, n Weight SMD Random (95% CI) |
Beaupre etal 7 51+17 58 50+ 14 51 14%  -0.06 (~0.44, 0.31)

WOMAC function - - . o
Calatayud et al 13

TG Tl 41.4+436 22 60 +4.39 22 11.2% 4.18 (3.13, 5.23) ——
Doiron-Cadrin et al 1°

WOMAG funation 30.8+136 6 43.45+7.51 11 11.3% 1.21(0.18, 2.23)
Dominguez-Navarro et al 2

KOOS ADL 51.3+11.7 21 61.81 + 10.32 44 13.5% 0.96 (0.42,1.50)

Ani 24
G’%’Qghe’ citel 24082 10 3.1+057 10 11.7%  1.49(0.53,2.45)
i 36

Jal':“sc eliel 205+725 10 40.5+7.25 10 11.7%  1.45(0.50, 2.41)
Kim et al 38

WOMAG function 33+7.04 22 404 +£7.16 20 13.1% 1.02 (0.39,1.66)
Skoffer % 60.6+£259 26 64.1+16.1 29 135%  0.16 (~0.36, 0.69)

OO AGIL 6+ 25. 1£16. 5% L
Total (95% CI)) 175 197 100%  1.23(0.49, 1.97) ‘
Heterogeneity: Tau? = 0.99, Chi? = 70.2, df = 7 (P = .00); 1= 90%
Test for overall effect: z = 3.24 (P=.00) r T T T T T d

-1 0 1 2 3 4 5 6
Favours Control Favours Prehabilitation

FIGURE 2 - A. Forest plot of the preoperative effect (before TKA) of prehabilitation on knee functioning compared with TKA and no prehabilitation by pooling data from 8 trials
(n = 372). Abbreviations: ADL, activities of daily living; Cl, confidence interval; FS, Function Score; KOOS, Knee Osteoarthritis Outcome Score; TAS, Tegner Activity Scale; SMD,
standardized mean difference; TKA, total knee arthroplasty; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Short-term Knee Functioning
Prehabilitation Control

Study Mean *SD  Total, n Mean * SD Total, n Weight SMD Random (95% CI)
Calatayud et al ®

WOMAGC function 57.6 +2.62 22 71.6+3.88 22 13.7% 4.15 (3.11, 5.20) —
Dominguez-Navarro et al 2° . -

KOOS ADL 59.24 +14.3 21 62.13 + 10.06 44 17.5% 0.25 (-0.27, 0.76) H—

i 36

Ja;"sc ael 395+7.25 10 425+7.91 10 152%  0.38(-0.47, 1.23)
Skoffer 68

KOOS ADL 50.1+21.1 25 56.2 £ 16.1 29 17.4% 0.32 (-0.21, 0.85)
Tungtrongjit et al 7

WOMAC function 103. 6+ 24.9 30 121.3+20.7 30 17.5% 0.76 (0.25, 1.28)
Wang et al 7® =

WOMAC total 23.6 +3.96 100 245+4.42 100 18.7% 0.21 (-0.06, 0.49)
Total (95% Cl) 208 235 100% 0.90 (0.18, 1.61) ’
Heterogeneity: Tau? = 0.69, Chi? = 53.4, df = 5 (P = .00); I> = 91%
Test of overall effect: z=2.46 (P = .01) r T T T T T ]

-1 0 1 2 & 4 ) 6
Favour Control Favours Prehabilitation

FIGURE 2 - B. Forest plot of the short-term effect (1d - 4 weeks after TKA) of prehabilitation on knee functioning compared with TKA and no prehabilitation by pooling data
from 6 trials (n = 443). Abbreviations: ADL, activities of daily living; CI, confidence interval; FS, Function Score; KOOS, Knee Osteoarthritis Outcome Score; SMD, standardized
mean difference; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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Mid-term Effects Eleven trials (69%
of 16) measured the effects on knee
functioning up to 3 months after TKA.
Three (19%) of these showed a negative
but nonsignificant ES, 1 (7%) showed
no effect, and the remaining 7 (44%)
comparisons resulted in a positive ES,
5 (31%) of which were significant. The
overall ES was small, with g = 0.45
(95% CI: 0.06, 0.84) (FIGURE 2 - C). Four
(25% of 16) trials investigated mid-term

changes in strength, with 3 of them
(75% of 4)'32067 showing significant im-
provements after prehabilitation. In 3
(75% of 412267 trials, prehabilitation
had a significant effect on TUG; in 1
(50% of 2) on SC,"® STS,%” and walk-
ing performance®’; in 3 (43% of 7)'2152°
on ROM; in 1 (17% of 6)™ on pain; in 1
(20% of 5)** on HRQOL; and in 1 (33%
of 3) on LOS. There was no effect on
overall costs.>*

Long-term Effects Three (19% of 16) tri-
als reported positive long-term effects,
1 (83%) showed a negative effect, and 1
(83%) no effect after TKA. All the 95%
CIs of the ES enclosed zero; the overall ES
was not significant, with g = 0.07 (95% CI:
-0.17, 0.30) (FIGURE 2 - D). No trial showed
a significant difference between groups
in TUG, STS,® walking performance,5®
ROM, %7 pain levels,*%*7 HRQOL,”*® or
LOS.” Nevertheless, 1 (33% of 3)% trial
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Mid-term Knee Functioning
Prehabilitation Control
Study Mean +SD  Total, n Mean * SD Total, n  Weight SMD Rand (95% CI)
Aytekin et al 4 _
KOOS ADL 90.4 £ 10.5 23 83.9+16.6 21 8.6% 0.42 (-1.01, 0.17)
Beaupre etal 7 o -
WOMAGC function 7315 58 7317 51 21.3% 0.00 (-0.37, 0.37)
Calatayud et al 3 o
WOMAC function 69.3 £2.94 22 75+ 3.47 22 6.3% 1.74 (1.06, 2.43)
Cavill et al 1 o = =
PSFS BISER7A) 19 4721 20 7.7% 0.36 (-0.98, 0.26)
Dominguez-Navarro et al 2° = =
KOOS ADL 75.7£9.1 21 75.25 £ 13.58 44 11.3% 0.18 (-0.75, 0.40)
S 24
Granicher et al 25+0.85 10 3.8+0.79 10 32% 152 (0.56,2.48)
i 36
Jang etal 67.5:264 10 68+2.58 10 42%  0.18 (-0.66, 1.03)
Kim et al 3
WOMAC function 41.20+12.7 22 49.3+121 20 8.0% 2.94 (2.08, 3.81)
Mat Eil Ismail et al 46
KOOS ADL 80.56 + 7.35 26 89.5+11.7 23 8.2% 1.22 (0.63, 1.82)
Skoffer 8 o % _—
KOOS ADL 782+ 129 21 829+ 11.7 29 9.6% 0.38 (-0.19, 0.94)
Tungtrongjit et al 7 3 ———
WOMAC function 134 £19.7 30 1443 £ 19.1 30 11.5% 0.72 (0.21, 1.24)
Total (95% Cl) 262 280 100% 0.45 (0.06, 0.84) ‘
Heterogeneity: Tau? = 0.34, Chi? = 48.65, df = 10 (P = .00); I? = 79%
Test of overall effect: z = 2.25 (P = .02) f T T !
-1 0 1 2 3
Fa vours Control Favours Prehabilitation

FIGURE 2 - C. Forest plot of the mid-term effect (at 3 months after TKA) of prehabilitation on knee functioning compared with TKA and no prehabilitation by pooling data from
11 trials (n = 542). Abbreviations: ADL, activities of daily living; CI, confidence interval; FS, Function Score; KOOS, Knee Osteoarthritis Outcome Score; PSFS, Patient-Specific
Function Scale; SMD, standardized mean difference; TAS, Tegner Activity Scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Long-term Knee Functioning
Prehabilitation Control

Study Mean+SD  Total, n Mean + SD Total, n Weight SMD Random (95% CI)
Aytekin et al 4 _

KOOS ADL 91.1+£9.2 23 87.2+18.3 21 16.0% 0.27 (-0.85, 0.32)
Beaupre et al 7 ~

WOMAC function 77 £16 58 77 £14 51 39.0% 0.00 (-0.37, 0.37

i 36

Ja:g el 90+0 10 92+4.22 10 7.3%  0.64(-0.22, 1.51)
Skoffer et al 7

KOOS ADL 84.4+11.8 20 87.6+12.3 24 15.9% 0.26 (-0.33, 0.85)
Tungtrongjit et al 7 o -

WOMAC function 152.9 £ 11.8 30 154.2 + 15 30 21.8% 0.10 (-0.41, 0.60) -‘—
Total (95% Cl) 141 136 100% 0.07 (-0.17, 0.30)
Heterogeneity: Tau? = 0.34, Chi2 = 3.53, df = 4 (P = .58); I = 0%
Test overall effect: z = 0.56 (P = .58) r t T \

-1 0 1 2
Favours Control Favours Prehabilitation

FIGURE 2 - D. Forest plot of the long-term effect (between 6 and 12 months after TKA) of prehabilitation on knee functioning compared with TKA without prehabilitation by
pooling data from 5 trials (n = 277). Abbreviations: ADL, activities of daily living; Cl, confidence interval; FS, Function Score; KOOS, Knee Osteoarthritis Outcome Score; SMD,
standardized mean difference; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

presented significant long-term improve-
ments in strength.

Prehabilitation had a large effect on
knee functioning before TKA. The SMD
decreased continuously after surgery, the
difference between groups only being
significant from the preoperative to the
mid-term postoperative period (FIGURE 3;

APPENDIX 4, FIGURE 4 - A, available as supple-
mental file). No adverse events or serious
adverse events were reported.

Certainty of Evidence The certainty of
evidence was analyzed at 4 points in the
meta-analysis: the overall certainty of
the evidence was low for preoperative
and mid- and long-term follow-ups and

very low for short-term follow-up. The
overall risk of bias was unclear for preop-
erative, mid-, and long-term follow-ups,
and high for short-term follow-up. We
downgraded for high overall risk of bias.
Inconsistency was considerable for pre-
operative and short-term follow-ups (1% =
90% and 91%), substantial for mid-term
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Effect Size Over Time
1.50 1.23
> 0.90
. 0\
(2}
kS 0.45
= 0.50
Q- 0.07
%)
-0.50
Preop TKA  Short-term Mid-term Long-term
10-1d 1d-1mo 6wk -3 mo 6-12mo
95%Cl 0.57 to 1.87 0.20 to 1.55 0.46 t0 0.73 -0.17 to 0.30
|
FIGURE 3. Effect of prehabilitation on knee functioning over time. Abbreviations: Cl, confidence interval; d, day(s);
mo, month(s); wk, week(s); SMD, standardized mean difference; TKA, total knee arthroplasty.

follow-up (I* = 79%), and low for long-
term follow-up (I = 0%). We downgraded
for inconsistency for all follow-ups except
long-term. All comparisons were insuffi-
cient for indirectness, as all the included
trials answered their research question
using the PICOCS criteria. Long-term
comparisons were downgraded because of
serious imprecision, as overall SMD was
nonsignificant and optimal information
size was not exceeded (sample size < 400).

The funnel plot of knee functioning index
at mid-term follow-up with the highest
number of included trials (11; 79% of 16)
indicated a risk of publication bias (FIG-
URE 4). Comparisons of preoperative and
short- and long-term outcomes were also
downgraded (APPENDIX 4, FIGURES 5 - A-C,
available as supplemental file). Thereaf-
ter, GRADE indicated that confidence in
the effect estimate is limited for preopera-
tive and mid- and long-term effects and
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FIGURE 4. Funnel plot depicting study sizes against the size of the treatment effect.

the true effect is likely to be substantially
different from the estimated short-term
effect (TABLE 4).

DISCUSSION

ATIENTS AWAITING TKA BENEFIT
Pfrom prehabilitation before and early

after surgery, with effects diminish-
ing over time. The majority of trials assess-
ing preoperative knee functioning found
significant improvements in PROMs af-
ter the exercise period but before surgery
compared to no prehabilitation. These re-
sults support the findings of Santa Mina
et al®® and Moran et al,”! as presented in
their reviews on patients undergoing or-
thopaedic, abdominal, thoracic, or car-
diac surgery. After TKA, patients seem
to benefit from better preoperative knee
functioning, suggesting significant, mod-
erate to large treatment effects up to 3
months after surgery. One trial®® had a
considerable positive ES, which presum-
ably influenced the outcome of the pooled
SMD. Therefore, the results of the current
meta-analysis should be interpreted with
caution.

Knee functioning before TKA only
predicted 16% of the outcomes 1 year
after surgery.’® We found that preopera-
tive exercise therapy had no significant
long-term effects on knee functioning
after TKA. Confounding factors (eg,
individual, nonstandardized rehabili-
tation procedures or other health is-
sues besides the knee) may complicate
monitoring and traceability during the
postoperative period. It is therefore dif-
ficult to say, what effect the postopera-
tive physiotherapy has on the follow-up
assessments. The decreasing effects of
prehabilitation on knee functioning af-
ter surgery may also be associated with
time-based functional recovery of the
control group, loss-to-follow-up, and
the often relatively short prehabilitation
period (<8 weeks). Evidently, expecting
long-term maintenance of strength or
cardiovascular benefits without con-
tinued training during rehabilitation is
unrealistic.?
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RATING CERTAINTY OF OVERALL BopYy OoF EVIDENCE BY GRADE APPROACH

Study Publication Certainty of Body
Comparison Design Risk of Bias® Inconsistency® Indirectness® Imprecision® Bias® of Evidence
Preoperative ~ RCT > Unclear: >50% of trials May be substantial: Insufficient: Data answers ~ Adequate precision: Likely Low
DODDD rated overall low risk [2>50%-90% research question Sample size = 372 HPpoO
of bias or some P<.05 regarding PICO Overall SMD sign.
concerns in RoB 2.0
Short-term RCT > High: >50% of trials May be considerable:  Insufficient: Data answers ~ Adequate precision: Likely Very low
DOODD rated overall high risk [2>75%-90% research question Sample size = 443 HOOO
of bias P<.05 regarding PICO Overall SMD sign.
Mid-term RCT > Unclear: >50% of trials May be considerable:  Insufficient: Data answers ~ Adequate precision: Likely Low
DPDP rated overall low risk > 75%-90% research question Sample size = 542 ®PpO0
of bias or some P<.05 regarding PICO Overall SMD sign.
concerns in RoB 2.0
Long-term RCT > Unclear: >50% of trials May be low: Insufficient: Data answers  Serious: Likely Low
DODDD rated overall low risk [? < 40% research question Sample size = 277 DPpoOO
of bias or some P> .05 regarding PICO Overall SMD non-sign.

concerns in RoB 2.0

Abbreviations: CI, confidence interval; CG, control group; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; IG, interven-
tion group; KOA, knee osteoarthritis; OIS, optimal information size; RCT, randomized controlled trial; sign., significant; SMD, standardized mean differ-
ence; TKA, total knee arthroplasty; @D DD, high.

“Risk of Bias: Low, most information is from trials at low risk of bias > No serious limitations, not downgraded; Unclear, most information is from trials at
low or unclear risk of bias > No serious limitations, not downgraded; High, the proportion of information from trials at high risk of bias is sufficient to affect
the interpretation of results > Serious limitations, downgraded one level.

bInconsistency®: May be low, I> < 40% -> not downgraded; may be moderate, I> = 30%-60% -> not downgraded; may be substantial, I’ = 50%-90% ~> down-
graded; may be considerable, I> = 75%-100% -> downgraded.

Indirectness®: Insufficient, target population, comparable patient characteristics (age, diagnosis, reason for undergoing TKA), where the different geographic
origins are considered a nonrelevant influencing factor; interventions, prehabilitation aimed at improving knee functioning before/after primary unilateral
TKA in patients suffering from KOA; comparison, all control groups did receive TKA and usual care without specific preoperative intervention and results of
IGs and CGs were directly compared; outcomes of interest, for meta-analysis, trials using questionnaires assessing comparable constructs of self-reported knee
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downgraded.

Sunctioning (no surrogate outcomes) were included and grouped by relevant time frames (preop, short-/mid-/long-term follow-ups) -> not sufficient differ-
ences in PICO-criteria, therefore not downgraded across all comparisons.
Imprecision®: Low, 95% CI not crossing threshold (sign.) and OIS criterion is exceeded (sample size > 400) > not downgraded; Adequate precision, 95% CI
not crossing threshold (sign.) and/or OIS criterion is exceeded (sample size > 400) > not downgraded; Serious, 95% CI crossing threshold (nonsignificant)
and OIS criterion is not exceeded (sample size < 400) > downgraded.
cPublication bias*s: Unlikely, nonselective outcome reporting of large number of trials with large sample and effect sizes (symmetrical funnel plot) > not
downgraded; Likely, selecttve outcome reporting of small number of mainly positive trials with small sample and or effect sizes (asymmetrical funnel plot) >

Bias and Therapeutic Validity

Several trials reported high loss-to-follow-
up rates (>20%) and were at high risk of
bias. The high loss-to-follow-up rates in
the trials by Dominguez-Navarro et al*°
and Skoffer et al®® might not relate to the
preoperative intervention but could in-
stead be associated with noncompliance
with long-term follow-up, given the gener-
ally high patient satisfaction.5? In some tri-
als, up to 20%*7 of participants cancelled
surgery (eg, due to pain reduction) and/
or did not complete the follow-up period.
As TKA is indicated when nonsurgical
approaches are exhausted, a systematic

problem may exist in the management of
patients suffering from KOA. We decided
not to downgrade the GRADE judgement
for risk of bias if >50% of the trials in-
cluded in the comparison had a low risk of
bias or some concerns. Inconsistency rep-
resented by I? may be less substantial in
pre- and short-term comparisons without
the outlier of Calatayud et al,'* as SMDs
show no differences in direction and mini-
mal heterogeneity. The importance of in-
consistency for decision-making remains
uncertain.?

Deficits in describing exercise selec-
tion and dosage progression were the

main factors in overall ratings of high
risk of ineffectiveness in i-CONTENT,
as the intensity applied was not compre-
hensibly described or was underloaded
in more than 50% of trials.? These exer-
cise programs did not provide sufficient
intensity or strategies to adjust training
load to elicit a structural neurophysi-
ological or functional change.?5* This is-
sue was highlighted previously.>*
Tailored exercise therapy could pro-
mote greater effects after prehabilitation.
Most trials used the same intensity level
for all participants, regardless of their
knee functioning, symptoms, or training
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experience.? Therefore, exercises and dos-
ages often seem to be tailored to severely
impaired patients, to ensure that every-
one is able to participate. Consequently,
patients with better knee functioning may
derive less benefit from prehabilitation.
Nevertheless, 4 trials having high risk
of ineffectiveness due to (1) underloaded
intensity,*¢ (2) no dosage information,* or
(8) insufficient compliance (73%-86%)"
reported a direct treatment effect after
prehabilitation. Patients might improve
their physical capacity by being as active
as they were during prehabilitation and,
thus, be exposed to higher intensities
than usual, representing sufficient train-
ing stimuli to improve knee functioning.*

Limitations

Methodological and clinical diversity
among the trials (eg, variability in dura-
tion and contents of prehabilitation or
study quality) resulted in substantial het-
erogeneity.® However, because all trials
aimed at enhancing preoperative and/
or postoperative knee functioning in pa-
tients awaiting TKA and assessed their
intervention with comparable measure-
ment instruments at similar time points,
we believe that meta-analysis of ques-
tionnaires reporting similar constructs of
knee functioning (FS, KOOS, PSFS, TAS,
WOMAC) provides meaningful addition-
al information for clinicians. Neverthe-
less, a statistical evaluation of subgroups
(eg, KOOS) and/or performance tests (eg,
strength) might offer a more comprehen-
sive picture.!

Two (14%) of the 14 trials pooled were
3-arm studies, which required combin-
ing their respective intervention groups
for analysis. We may have slightly under-
estimated the intended SD.>°

We contacted Calatayud et al'> about
their treatment effect, which was much
larger than in the other trials. The pro-
vided original SDs per time were then
used in our meta-analysis. They explained
that the small SDs might have been asso-
ciated with the strict inclusion and exclu-
sion criteria for their participants, which
resulted in very homogeneous groups

| LITERATURE REVIEW ]

and large ES. The large ES might have
positively influenced the summary mea-
sures of the treatment effect in the pres-
ent meta-analysis, which could limit the
comprehensive application of the findings
in clinical practice.

Geographic and cultural variability
among the included trials may further af-
fect comparability of outcomes, as health
systems and indications for TKA may dif-
fer, as well as the desire for participation
in sports activities in elderly populations
across countries.

For the mid-term study effects on knee
functioning outcomes, only a few trials
with a negative SMD or with large sample
sizes were published on this subject, so
there is a risk of publication bias.

Clinical Implications
Significant, small to large preoperative
and postoperative treatment effects up
to 3 months after TKA with low to very
low certainty of evidence suggest a posi-
tive impact of prehabilitation on knee
functioning in patients undergoing TKA.
Clinicians and patients may consider
prehabilitation as a means for short- and
mid-term improvements. The SMD was
largest immediately after the program
and gradually decreased to nonsignifi-
cance at long-term follow-up.
Nevertheless, preoperatively assessing
knee functioning and enhancing general
fitness before surgery may be recom-
mended to support faster recovery after
TKA, especially in patients with reduced
physical capacity.*® Future research proj-
ects should focus on patient selection
and precise interventions and outcomes,
as prehabilitation could be more produc-
tive in the weakest 20%-30% of cases.%
It is unclear which specific exercises
or therapy settings are most beneficial.
Confounding factors, such as the lack of
standardized rehabilitation procedures,
variable preoperative and postoperative
physical therapy interventions and differ-
ent surgical procedures,'*” and the influ-
ence of other health issues or enhanced
medical care in patients with complica-
tions after TKA, may reduce the effect of

prehabilitation over time." It therefore
remains debatable whether short preop-
erative intervention periods of <8 weeks
can influence knee functioning up to 1
year after surgery.®® High-quality trials
with large sample sizes should provide
transparent data on exercise programs,
including intensity and progression pro-
tocols, to obtain high-quality evidence on
efficacy of content, dosage, and settings of
prehabilitation.

CONCLUSION

REHABILITATION COMPLEMENTS OR
improves knee functioning after
TKA. Although long-term mainte-

nance of these benefits should be pos-

sible, only evidence with low to very low
certainty is available to date. ®

KEY POINTS
FINDINGS: Preoperative exercise therapy im-
proves knee functioning before and up to
3 months after primary TKA, though with
very low to low certainty of evidence.
IMPLICATIONS: Prehabilitation comple-
ments or even increases knee functioning
and may reduce the risk of deteriorating
functioning while waiting for surgery and
during early recovery after TKA.
CAUTION: High variability of the outcome
measures only allowed for meta-analysis
of self-reported knee functioning.
Therefore, the results should be general-
ized with caution for physical perfor-
mance tests. Low to very low certainty
of evidence suggests preoperative and
postoperative benefits of prehabilita-
tion, but the ideal composition of the
program remains unclear.
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Abstract

Objective To predict functional recovery 3 months after primary total knee arthroplasty by
developing and validating a prediction model including a combination of preoperative physical
fitness parameters and patient characteristics.

Design Pre-defined, secondary analysis of prospective intervention study comparing ROSA®-assisted
versus conventional total knee arthroplasty.

Setting Hospital, orthopedic department.

Participants 150 adults (40-90 years) with end-stage knee osteoarthritis awaiting primary unilateral
total knee arthroplasty assessed between 2023-2024.

Intervention Not applicable.

Main outcome measure Functional recovery, measured by the Oxford Knee Score. A higher score
reflects a better knee function.

Potential predictor variables Age, sex, body mass index, American Society of Anesthesiologists
classification (I-111), 30 seconds chair stand test, 2 minute walking test, timed-up-and-go test, hand
grip strength, De Morton Mobility Index.

Results

Conclusion

KEY WORDS Perioperative care, Total knee arthroplasty, Physical therapy
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Introduction

Total Knee Arthroplasty (TKA) is the last step in the stepped care process for the treatment of end-
stage knee osteoarthritis (KOA) [1]. After being scheduled for TKA, it is important to stay physically
fit. It helps maintaining muscle mass and strength, joint mobility, and overall cardiovascular fitness.
This preoperative fitness positively impacts the postoperative recovery [2-4], and is related to a
reduced complication rate and may even lead to a shorter hospitalization period [4]. However,
staying active in this time period can be challenging due to increased pain and decreased mobility [5,
6]. not everyone is able to stay physically fit on their own. To support only those who really need it,
one must be able to make a good selection. For this purpose, prediction models can be used.
Predicting functional recovery following TKA remains a significant challenge, as outcomes can vary
widely [7]. Preoperative physical fitness turned out to be a predictor of postoperative recovery [3,
8]. The systematic review of Granicher et al. shows effects of preoperative physical therapy before
and up to 3 months after surgery [3]. Prediction models focused on the clinical phase after TKA have
already been developed [8-10]. However, prediction at 3 months postoperatively remains relatively
unexplored. This is an important stage of recovery because during these first 3 months after surgery,

the biggest improvements in walking ability and lower extremity function take place [11].

The aim of this study is to determine whether it is possible to predict functional recovery at 3
months after TKA by developing a prediction model. Functional recovery will be measured by the
Oxford Knee Score (OKS), a patient-reported outcome measure, which is often used to assess knee
function and pain postoperatively. This model will incorporate a combination of variables, including
parameters of physical fitness and personal characteristics, with the goal of enhancing preoperative
assessments and optimizing postoperative recovery. By exploring this, we aim to provide clinicians
with a more reliable method of predicting patient recovery trajectories, thereby improving patient
outcomes.

This led to the following research question:
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Is it possible to predict functional recovery, with the OKS, at three months after TKA surgery by
developing a prediction model based on a combination of variables of preoperative physical fitness

and personal characteristics?

Methods

Design

This is a pre-defined secondary analysis of a prospective intervention study (ROSA-RCT). In this
study, 150 participants were enrolled to ROSA®-assisted knee arthroplasty (intervention group) or
conventional knee arthroplasty (control group). Patients were recruited at Zuyderland Medical
Center, Sittard-Geleen, The Netherlands, enrolled pre-operatively and followed up for 12 months
post-surgery. Procedures of data collection complied with the Declaration of Helsinki and were

approved by the Ethical Review Board of Zuyderland Medical Center (registration number).

Participants

Patients were eligible to participate if they were awaiting elective primary TKA between 2022-2024
at Zuyderland Medical Center, Sittard-Geleen. Inclusion criteria were; aged between 40-90 years,
BMI between 18.5-50.0 kg/m? and American Society of Anesthesiologists (ASA) Class of I-lll. Patients

with rheuma-/trauma indicated knee arthroplasty were excluded.

Procedure

Patients were recruited at the ‘Focus-Kliniek Heup- en Kniecentrum’ at Zuyderland Medical Center,
sittard-Geleen. After their first consult with the orthopaedic surgeon, potential eligible patients
received the study information and were asked if they agreed to be contacted again after at least 7
days. Then, patients were contacted and inquired about their willingness to enrol in the study.

Subsequently, for patients who wanted to participate, eligibility criteria were checked and





100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

appointments for the preoperative assessment were scheduled. Preoperative assessments took
place at the orthopedics outpatient clinic and were scheduled <3 months before TKA. Prior to any
study-related procedures, informed consent forms were signed. Assessments were conducted by
two dedicated researchers (HE, ID). Outcomes of physical function tests were collected during this
visit. Patient-reported outcome measured (PROMS) were collected through an electronic data
capture system (research manager), enabling patients to complete these questionnaires online.
Postoperatively routine control visits were planned at 6 weeks, 3 months and 12 months. Outcome

measurements were collected during these visits.

Main outcome measure

The main outcome was postoperative physical function, measured by the Oxford Knee Score (OKS), 3
months after TKA surgery [12]. The OKS measures pain intensity and functional impairments during
various activities, after total knee arthroplasty [13]. The 12-item questionnaire considers questions
about the last 4 weeks. Each question was scored from 0 to 4, with 4 being the best score, a
maximum score of 48 could be achieved. A higher score reflects a better knee function [14]. The
study of Collins et al. showed that the OKS had a minimal detectable change (MDC) of 6.1 [15]. In
addition, they demonstrated excellent test retest reliability (ICC 0.91-0.94) [15]. Clinical meaningful

classification of change scores, in four categories, were developed by Mikkelsen et al. [16].

Potential predictor variables

During the preoperative assessment, the following patient characteristics were collected: Age in
years; Sex (male/female); Body mass index (BMI) in kg/m?%; American Society of Anesthesiologists
(ASA) class (range 1-3), where a higher score indicates lower fitness for surgery [17]. Additionally the
following tests for assessing preoperative physical function were performed:

30sec chair stand test (30CST) Functional lower extremity strength and aerobic capacity were

assessed by having patients perform as many sit-to-stand transfers as possible within 30 seconds
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without using arm support. The test-retest reliability of this assessment was excellent, with a
correlation coefficient of 0.89 (95% CI 0.79-0.93) [18].

2 minute walking test (2MWT) Normal walking speed and endurance capacity were assessed by

measuring the distance walked in meters. Patients were instructed to walk as far as possible within
two minutes, with the use of a walking aid permitted [19]. The test-retest reliability of this
assessment is excellent, with an ICC of 0.97 [20].

Timed up and go test (TUG) Functional mobility was assessed by measuring the time (in seconds) it

takes for a patient to stand up from a chair, walk 3 meters as quickly as possible, turn, walk back,
and sit down in the chair [21]. It has excellent test-retest reliability, with an ICC of 0.97 [22].

Hand grip strength (HGS) Maximal hand grip strength, an indicator of overall muscle strength, was

measured in kilograms using a hand-held dynamometer (JAMAR Hand Dynamometer, Patterson
Medical). Patients were instructed to squeeze the dynamometer as hard as possible while sitting in a
chair without armrests, with feet flat on the floor, elbows flexed at 90 degrees, forearms in a neutral
position, and wrists in 0—30 degrees of extension [23]. The test demonstrates excellent test-retest
reliability, with an ICC of 0.98 [24].

De Morton mobility index (DEMMI) To assess the level of independence in basic activities in older

patients [25]. It includes 15 items, each scored on a 2- or 3-point scale (0—1 or 0-1-2), resulting in a
total score ranging from 0 to 19 points. Higher scores indicate better independent mobility. The
DEMMI is a reproducible, valid, and feasible instrument for older patients with KOA, with an

interrater reliability of ICC=0.85 (95% Cl 0.71-0.93) [26].

Sample size

The minimum acceptable sample size to test the overall fit of the regression model was calculated
using the following formula 50 + 8 * X, where X was the number of predictors [27]. This resulted in
the following sample size: 50 + 8 * 9 =122, Taking into account a drop-out rate of at least 10%, 135

participants were needed.
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Statistical analysis

Data analysis was performed using SPSS version 25.0 (IBM, New York, USA). Continuous variables
were presented as means with standard deviation (SD) for normally distributed data, and as medians
with first and third quartiles for non-normally distributed data. For categorical variables, we used
frequencies with percentages. Visual inspection of histograms and the Kolmogorov-Smirnov test
were used to check for normality (P =<0.05). Data were checked for completeness. We used multiple
imputation to impute missing values, with predictive mean matching (PMM) as the model for
continuous variables. We set the number of imputations to five. A sensitivity analysis was performed
to check that imputation would not lead to very different results.

Model development Multiple linear regression was used with the OKS as the dependent outcome

variable. Patient characteristics and performance tests were assessed as candidate independent
predictor variables. Backward stepwise elimination based on the Wald test was used for variable
selection. An alpha of 0.20 was used, as recommended by prediction modelling guidelines [28]. The
residual plot and the P-P plot were checked for linearity, homoscedasticity, and normality of the
residuals. This was done to assess whether the assumptions of linear regression were met.

Internal validation (door statisticus)

Results
Discussion
Conclusion
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