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Background: Preoperative rehabilitation (hereafter called “prehabilitation”) has been proposed as a poten-
tially effective treatment to target preoperative risk factors to prevent insufficient outcome after total knee
arthroplasty (TKA).
Purpose: We aimed to assess whether previous clinical trials of non-surgical, non-pharmacological prehabili-
tation in individuals with knee osteoarthritis (KOA) awaiting TKA focused on specific clinical phenotypes or
specific individual characteristics and whether the content of the prehabilitation was stratified accordingly.
Second, we aimed to summarize and compare the long-term effects of stratified and non-stratified care on
pain, satisfaction, function and quality of life.
Methods: A systematic literature search of PubMed, Web of Science, Scopus and Embase was performed. All
relevant articles published up to April 19, 2021 reporting “(randomized controlled) clinical trials or prospec-
tive cohort studies” (S) related to the key words “total knee arthroplasty” (P), “preoperative conservative
interventions” (I), “pain, function, quality of life and/or satisfaction” (O) were included.
Results: After screening 3498 potentially eligible records, 18 studies were assessed for risk of bias. Twelve
studies had low, 2 moderate, 3 serious, and one high risk of bias. The latter study was excluded, resulting in
17 included studies. Five studies investigated a“stratified prehabilitation care” and 12 “non-stratified prehabi-
litation care”. Stratified prehabilitation in 4 studies meant that the study sample was chosen considering a
predefined intervention, and in the fifth study, the prehabilitation was stratified to individuals’ needs. No
direct comparison between the 2 approaches was possible. We found weak evidence for a positive effect of
biopsychosocial prehabilitation compared to no prehabilitation on function (stratified studies) and pain neu-
roscience education prehabilitation compared to biomedical education on satisfaction (non-stratified studies)
at 6 months post-TKA. We found strong evidence for positive effects of exercise prehabilitation compared to
no prehabilitation on pain at 6 months and on function at 12 months post-TKA (non-stratified studies).
Conclusion: More research is needed of stratified prehabilitation care focusing on individual characteristics in
people with KOA awaiting TKA.
Registration number: This systematic review was prospectively registered at PROSPERO on March 22, 2021
(no. CRD42021221098).

© 2022 Elsevier Masson SAS. All rights reserved. TaggedEnd
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TaggedH1Introduction TaggedEnd

TaggedPKnee osteoarthritis (KOA) is one of themost common forms of oste-
oarthritis [1], representing a degenerative joint disease known as a fre-
quent cause of pain, disability and loss of quality of life [2,3]. KOA has a
huge impact on an individual’s personal life but also on society, espe-
cially given the high costs related to total knee arthroplasty (TKA) [4].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.rehab.2022.101705&domain=pdf
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TaggedEndTaggedPAlthough TKA appears to be an effective treatment in most people with
end-stage KOA [5], 20% to 40% of individuals remain dissatisfied and
experience chronic postoperative pain [6−8].TaggedEnd

TaggedPGiven the expected increase in TKA surgeries due to the ageing of
population and the increasing prevalence of obesity, the outcomes
and satisfaction rates after TKA must be optimized [4]. Physiotherapy
is traditionally delivered as rehabilitation after surgery to improve
the timeline and extent of recovery. However, various preoperative
functional, metabolic, as well as psychosocial risk factors and abnor-
mal sensory processing signs for chronic postoperative pain and dis-
satisfaction have been described [6,9−11]. Therefore, preoperative
rehabilitation (hereafter called “prehabilitation”) has also been pro-
posed as a potentially effective treatment to target these preoperative
risk factors and to prevent insufficient outcome after TKA [12,13]. TaggedEnd

TaggedPResults of previous systematic reviews and meta-analyses are
contradictory and in general indicate no or only little positive effect
of various forms of prehabilitation on postoperative outcomes [12
−17]. This observation might be explained by the fact that KOA is a
heterogeneous pathology: individuals can present different aetiologi-
cal backgrounds, prognoses and/or clinical presentations and may
respond differently to specific treatment contents [18,19]. TaggedEnd

TaggedPConsidering the heterogeneous nature of the KOA population,
subgroups of individuals may exist [19−23]. In the context of inter-
vention studies, the identification of phenotypes based on clinical
signs are assumed necessary for more efficacious and personalized
treatments [24]. Therefore, Dell’Isola et al. (most recent review on
clinical phenotypes) tried to classify these into 5 clinical phenotypes:
chronic pain, inflammatory KOA, metabolic syndrome, bone and car-
tilage metabolisms, mechanical overload and minimal joint disease
[19]. Recognizing relevant clinical phenotypes and adapting the
intervention to these phenotypes (stratified care) is considered fun-
damental to offer individuals the best matching and most effective
treatment [24−26]. For example, if treatment focusses on losing
weight, likely little or no therapeutic effect will be achieved when
everyone with KOA, regardless of their body mass index (BMI),
receives this treatment. TaggedEnd

T aggedPTo date, we do not know whether previous experimental clinical
trials on the effect of prehabilitation identified these clinical pheno-
types in people with KOA, gave stratified prehabilitation related to
these characteristics, and as a consequence reported different long-
term results as compared with studies not accounting for these sub-
groups. None of the previous systematic reviews studied whether a
stratified approach is more effective than a “one-size-fits-all”
approach (non-stratified care) [15] (Appendix S1). Hence, more
TaggedEnd Table 1
Eligibility criteria.

Inclusion

P Human adults diagnosed with KOA scheduled for TKA
> 18 years of age

I Prehabilitation includes preoperative conservative (non-pharmacological and non-
surgical) intervention
A follow-up period of at least 6 months after TKA

C /

O Pain (primary)
Participant satisfaction (primary)
Function, e.g., muscle strength; functional ability, range of motion etc. (second-
ary)
Quality of life (secondary)

S Articles written in English, Dutch or French
Experimental designs or prospective cohort studies

KOA, knee osteoarthritis; THA, total hip arthroplasty; TKA, total knee arthroplasty

2

TaggedEndTaggedPevidence in this field is highly necessary [27]. According to research
of people with KOA [28,29] and back pain [30,31], outcomes might be
better when clinical phenotypes are taken into account and prehabi-
litation is adapted to these phenotypes. The non-stratified approach
may have attenuated treatment effects because of the varying num-
ber of potential responders and non-responders in this heterogenous
population [27].TaggedEnd

TaggedPTherefore, the first aim of this systematic review was to investi-
gate whether prehabilitation in previous clinical trials focused on
specific clinical phenotypes (or other more specific individual charac-
teristics beyond the KOA diagnosis) in people with KOA scheduled
for TKA and whether the content of the prehabilitation was stratified
accordingly. The second aim was to synthesise and compare the
long-term results on postoperative pain, satisfaction, function and/or
quality of life of the clinical trials with a more tailored approach
(stratified care) in relation to clinical trials with a “one-size-fits-all”
approach (non-stratified care). TaggedEnd

TaggedH1Methods TaggedEnd

TaggedPThis systematic review followed the Preferred Reporting Items for
Systematic Review and Meta-analyses (PRISMA) guidelines [32], and
the protocol was prospectively registered on PROSPERO
(CRD42021221098; March 22, 2021). The Participant, Intervention,
Comparison, Outcomes and Study (PICOS) design was used to define
the eligibility criteria and key words of search strategy [33]. TaggedEnd

TaggedH2Eligibility criteria TaggedEnd

TaggedPTo be included in this systematic review, articles had to describe
results of studies that evaluated the effect of preoperative conserva-
tive (non-pharmacological, non-surgical) interventions (prehabilita-
tion) (I) on postoperative pain, satisfaction (main outcomes), function
or quality of life (additional outcomes) (O) in individuals diagnosed
with KOA scheduled for TKA (P). Only (randomized controlled) clini-
cal trials, single-case experimental designs and prospective cohort
studies were allowed (S). The search results had to be in accordance
with the criteria presented in Table 1.TaggedEnd

TaggedH2Information sources and search strategy TaggedEnd

TaggedPTwo reviewers (SV, LM) searched 4 electronic databases, including
PubMed (MELDINE) [34], Web of Science [35], Embase [36] and Sco-
pus [37], up to April 19, 2021. Four groups of key words were used,
Exclusion

Scheduled for partial, unicompartimental or revision knee arthroplasty
Statistical analyses of mixed population (e.g. KOA participants plus other indica-
tions for TKA, or TKA and THA participants)

Other outcomes

Other languages
Other study designs



TaggedEndTable 2
Search query (PubMed).

Key words

Group 1 (P) ((‘Knee Prosthesis’[Mesh]) OR ‘Arthroplasty, Replacement, Knee’[Mesh]) OR (knee arthroplasty OR knee prosthesis OR knee replacement OR knee surgery)
Group 2 (I) ((‘Preoperative Period’[Mesh] OR ‘Preoperative Care’[Mesh]) OR (preoperative OR pre-operative OR presurgical OR pre-surgical OR pre-surgery OR preadmis-

sion)) AND ((((((‘Physical Therapy Specialty’[Mesh] OR ‘Physical Therapy Modalities’[Mesh] OR ‘Cognitive Behavioral Therapy’[Mesh] OR ‘Acupuncture Thera-
py’[Mesh] OR ‘Exercise Therapy’[Mesh] OR ‘Behavior Therapy’[Mesh] OR ‘Cryotherapy’[Mesh] OR ‘Therapy, Soft Tissue’[Mesh] OR ‘Acceptance and
Commitment Therapy’[Mesh]) OR ( ‘Exercise Movement Techniques’[Mesh] OR ‘Resistance Training’[Mesh] OR ‘Exercise’[Mesh] )) OR ( ‘Rehabilitation’[Mesh]
OR ‘rehabilitation’ [Subheading] OR ‘Telerehabilitation’[Mesh])) OR ( ‘Manipulation, Orthopedic’[Mesh] OR ‘Musculoskeletal Manipulations’[Mesh] )) OR ‘Dry
Needling’[Mesh]) OR (physical therapy OR physiotherapy OR cognitive behavioral therapy OR cognitive therapy OR acupuncture OR exercise therapy OR
manual therapy OR mobilization OR mobilisation OR behavior therapy OR behaviour therapy OR cryotherapy OR soft tissue therapy OR ‘acceptance and com-
mitment’ OR resistance training OR strength training OR conservative therapy OR graded activity OR graded exposure OR graded exercise OR pain education
OR participant education))

Group 3 (O) (((((‘Pain’[Mesh] OR ‘Musculoskeletal Pain’[Mesh] OR ‘Chronic Pain’[Mesh]) OR ‘Disability Evaluation’[Mesh]) OR ‘Activities of Daily Living’[Mesh]) OR ‘Quality
of Life’[Mesh]) OR ( ‘Personal Satisfaction’[Mesh] OR ‘Participant Satisfaction’[Mesh] )) OR (pain OR functioning OR ‘activities of daily living’ OR activities OR
participation OR quality of life OR satisfaction OR disability)

Group 4 (S) ((‘Pragmatic Clinical Trial’ [Publication Type] OR ‘Controlled Clinical Trial’ [Publication Type] OR ‘Randomized Controlled Trial’ [Publication Type] OR ‘Clinical
Trial’ [Publication Type] OR ‘Cross-Over Studies’[Mesh]) OR (‘Cross-Sectional Studies’[Mesh] OR ‘Cohort Studies’[Mesh] OR ‘Longitudinal Studies’[Mesh] OR
‘Follow-Up Studies’[Mesh] OR ‘Case-Control Studies’[Mesh] OR ‘Prospective Studies’[Mesh] )) OR (clinical trial OR randomized controlled trial OR randomised
controlled trial OR cohort studies OR prospective studies OR longitudinal studies OR follow-up studies OR case-control studies OR cross-sectional studies)

TaggedEndS. Vervullens, L. Meert, I. Baert et al. Annals of Physical and Rehabilitation Medicine 66 (2023) 101705
TaggedEndTaggedPrelated to “Total Knee Arthroplasty” (P), “Preoperative conservative
Interventions” (I), “Pain, Satisfaction, Function, and Quality of life” (O)
and “randomized controlled trials (RCTs), clinical trials or prospective
cohort studies” (S). More details can be found in Table 2, Table S1 and
Table S2. TaggedEnd

TaggedH2Study selection TaggedEnd

TaggedPResults of the searches were imported into Endnote and dupli-
cates were removed [38]. Eligibility criteria were checked by 2
reviewers (SV, LM) using the Rayyan screening tool [39]. The first
screening was conducted on the title and abstract, and if the study
was considered potentially relevant, the full text was retrieved. A sec-
ond selection was based on the full text, and after both screening
phases, all disagreements on inclusion or exclusion were discussed
and resolved by consensus. TaggedEnd

TaggedH2Data items and collection TaggedEnd

TaggedPRelevant information from every included article was extracted
and reported in an evidence table (Table 3). The following data (if
available) were extracted from every article: 1) author and year of
publication, 2) study design and setting, 3) participant characteristics
(sample size, age, number of women, inclusion and exclusion criteria,
study criteria related to clinical phenotype according to Dell’Isola et
al. [19]), 4) prehabilitation (content, modalities and provider in inter-
vention and control groups and whether the intervention was related
to phenotype or study criteria of the study), 5) continuation in the
postoperative period (yes/no + content), 6) follow-up times (6-month
minimum), 7) lost to follow-up, 8) outcome measure, and 9) results
(mean difference [increase or decrease] + effect size). The evidence
table was completed by the first author (SV) and independently
checked by the second author (LM). TaggedEnd

TaggedH2Risk of bias in individual studies TaggedEnd

TaggedPThe risk of bias (RoB) within the different articles was assessed by
using the international Cochrane Risk of Bias checklist (ROB-II) for
RCTs [40] and non-RCTs (ROBINS-I) [41]. The ROB-II checklist con-
tains 5 domains, which can be rated as high, moderate or low RoB.
The 7 domains of the ROBINS-I checklist can be rated as critical, seri-
ous, moderate or low RoB. Studies were considered to have an overall
high RoB if one domain was judged as high or serious RoB and as hav-
ing an overall moderate RoB if one domain was considered moderate;
all others were rated as low RoB. Only when all domains were judged
3

TaggedEndTaggedPas low RoB was the overall RoB of the study considered low (Table 4).
Interpretation of the guidelines regarding the scoring items was
harmonised beforehand to improve consensus. We excluded studies
with an overall RoB score of high or critical in order to guarantee con-
clusions of a bundle of high-quality research. TaggedEnd

TaggedPThe Evidence-Based Guideline Development (EBRO) was used to
evaluate the overall level of evidence per study. In accordance with
the methodology, a classification of the selected studies was based on
following criteria: A2, a double-blind RCT of good quality and sub-
stantial size and B, a controlled trial not satisfying the conditions of
A2 (Table 4). In addition, the EBRO method was used to determine
the level of conclusions per outcome. A level-one conclusion was
based on at least two A2 studies and converted into strong evidence.
A level-two conclusion was determine if one A2 study or at least two
B studies agreed on the results, called moderate evidence. A level-
three conclusion was based on one B study and converted to weak
evidence. Finally, the term “conflicting evidence” was used if results
were contradictory. Conclusions were established per outcome mea-
sure and targeted approach (Table 5 and Table 6) [42].TaggedEnd

TaggedPTwo reviewers (SV, LM) assessed the RoB independently and with
blinding to each other’s assessment. Results were compared and in
case of disagreement, the article was analysed again. Conflicts were
resolved by consensus. TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Study selection and characteristics TaggedEnd

TaggedPFig. 1 provides an overview of the study selection process. A first
literature search was conducted on November 9, 2020 and updated
on April 19, 2021. After removing duplicates, the search strategies led
to 3578 studies based on previous described inclusion and exclusion
criteria. After the first screening phase, 65 studies were considered
eligible for the second screening phase, which resulted in 18 studies
to score for RoB [43−60]. The main reasons for exclusion were wrong
timing (e.g., follow-up less than 6 months or no postoperative out-
comes described) or wrong population (e.g., no separate data reports
for people with KOA undergoing TKA). With a high RoB, the study of
Jahic et al. [51] was additionally excluded. This resulted in 17 eligible
studies. Conflicts in the first (1.37%) and second (15.38%) screening
phase were resolved by consensus of the 2 reviewers (SV, LM). Four-
teen studies [45−50,52,54−60] were RCTs and 3 [43,44,53] were
non-RCTs. Details and characteristics of the included studies are in
Table 3.TaggedEnd
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TaggedH2Risk of biasTaggedEnd

TaggedPThe RoB assessment and levels of evidence results are presented
in Table 4. Almost excellent agreement of 94.22% and 98.48% was
achieved between both assessors, before consensus, for the ROB-II
and ROBINS-I, respectively. Twelve studies had low [45,47,49,
50,52,54−60], 2 moderate [46,48], 3 serious [43,44,53], and one high
RoB [51]. RoB due to confounding or missing data was the main rea-
son for increased RoB. The study with the highest RoB [51] was
excluded from this systematic review. Because all studies were com-
parative, the 12 studies with an overall low RoB score received a level
of evidence of A2 (good evidence) [45,47,49,50,52,54−60] and the
other 5 studies a level of evidence of B (moderate evidence). TaggedEnd

TaggedH2Study population and intervention TaggedEnd

TaggedPStudy population TaggedEnd
TaggedPNone of the studies described subgroups or focused on a specific

clinical phenotype explicitly. However, the study population in 3 stud-
ies could be classified as a specific KOA phenotype. Birch et al. [46]
and das Naïr et al. [48] focused on KOA individuals with specific psy-
chological features, consistent with the chronic pain phenotype, and
Liljensoe et al. [52] on KOA individuals with increased BMI, consistent
with the metabolic syndrome or mechanical overload phenotype. Two
other studies described more specific inclusion and exclusion criteria
than only KOA diagnosis but could not be classified as a specific clini-
cal phenotype [54,55]. Matassi et al. [54] excluded OA individuals with
high BMI, less than moderate physical needs and limited joint motion,
and Mayoral et al. [55] included KOA individuals with myofascial trig-
ger points. In 4 of 5 studies [46,52,54,55], a predefined prehabilitation
was set up, and only participants with a certain matching phenotype
or more specific inclusion and exclusion criteria were included. Only
in the das Naïr et al. [48] study was the intervention stratified to the
individuals’ needs. The other 12 studies [43−45,47,49,50,53,56−59]
used a “one-size-fits-all” approach and described general inclusion cri-
teria such as signs related to KOA diagnosis.TaggedEnd

TaggedPWhen a study used more stringent eligibility criteria than the KOA
diagnosis itself and when the intervention was tailored to these criteria
(or visa versa, e.g., if individuals were chosen according to a predefined
intervention), studies were classified as the stratified care approach.
Otherwise, studies were classifed as the non-stratified care approach.TaggedEnd

TaggedPThe sample size ranged from 40 [55] to 122 [54] individuals for
the stratified care approach studies, and 44 [43] to 345 [47] for the
non-stratified care approach studies. TaggedEnd

TaggedPAll details are presented in Table 3. TaggedEnd

TaggedPIntervention and control groups TaggedEnd
TaggedPAll studies were comparative experimental designs consisting of

14 RCTs and 3 controlled clinical trials and had at least one interven-
tion group and one control group. As mentioned, the phenotype
[46,48,52] or specific individual characteristics [54,55] of almost all
the stratified care studies were chosen to match the intervention
(except for das Naïr et al. [48]). The interventions could be divided
into 4 domains: interventions based on a more biopsychosocial
approach for individuals with the chronic pain phenotype [46,48];
weight loss intervention for individuals with the metabolic syndrome
or mechanical overload phenotype [52]; exercise (lower limb
strength and flexibility) for individuals with lower BMI, more than
moderate physical needs and normal joint motion [54]; and dry nee-
dling for individuals with myofascial trigger points [55]. The biopsy-
chosocial approach of the das Naïr et al. study was based on cognitive
behavioural therapy (CBT) focusing on anxiety, depression and pain
management, and was tailored to each individual’s needs [48]. The
biopsychosocial approach of Birch et al. was also based on CBT but
focused on standardized pain education, pain coping skills training
and ways to apply these skills into real life and as such, less tailored



TaggedEnd Table 4
Risk of bias.

Study Study-design RoB tool 1 2 3 4 5 6 7 Overall LoE

Aytekin et al. [43] Non-RCT ROBINS-I Serious Low Low Moderate Serious Low Low Serious B
Barral et al. [44] Non-RCT ROBINS-I Serious Low Low Low Moderate Low Low Serious B
Beaupre et al. [45] RCT ROB-II Low Low Low Low Low Low A2
Birch et al. [46] RCT ROB-II Low Some concerns Low Low Low Some concerns B
Culliton et al. [47] RCT ROB-II Low Low Low Low Low Low A2
das Naïr et al. [48] RCT ROB-II Low Some concerns Some concerns Low Low Some concerns B
Dominquez-Navarro et al. [49] RCT ROB-II Low Low Low Low Low Low A2
Huber et al. [50] RCT ROB-II Low Low Low Low Low Low A2
Jahic et al. [51] RCT ROB-II Some concerns Low Low High Some concerns High N/A
Liljensoe et al. [52] RCT ROB-II Low Low Low Low Low Low A2
Louw et al. [53] Non-RCT ROBINS-I Serious Low Low Low Moderate Low Low Serious B
Matassi et al. [54] RCT ROB-II Low Low Low Low Low Low A2
Mayoral et al. [55] RCT ROB-II Low Low Low Low Low Low A2
Rooks et al. [56] RCT ROB-II Low Low Low Low Low Low A2
Skoffer et al. [57] RCT ROB-II Low Low Low Low Low Low A2
Sun et al. [58] RCT ROB-II Low Low Low Low Low Low A2
Tolk et al. [60] RCT ROB-II Low Low Low Low Low Low A2
Tungtrongjit et al. [59] RCT ROB-II Low Low Low Low Low Low A2

LoE, level of evidence; N/A, not applicable due to exclusion; RCT, randomized controlled trial; ROB-II, Revised Cochrane Risk of Bias tool for randomized trials; ROBINS-I, Risk of
Bias In Non-randomized Studies of Interventions
Articles scored with ROBINS-I: bias due to 1 = confounding, 2 = selection of participants in the study, 3 = classification of interventions, 4 = deviations from intended interven-
tions, 5 = missing data, 6 = measurement of outcomes.
Articles scored with ROB-II: bias due to 1 = randomization process, 2 = deviations from intended interventions, 3 = missing outcome data, 4 = measurement of outcome, 5 = selec-
tion of the reported result.

TaggedEnd Table 5
Level of conclusion of the ‘stratified care’ approach : interaction-effects and between-group differences

Outcome measure Intervention Effect Studies Follow-up time Level of evidence RoB Level of conclusion

Pain Biopsychosocial approach

Weight loss intervention

Dry needling

-

-

-

-

Das Naïr et al. [48]

Birch et al. [46]

Liljensoe et al. [52]

Mayoral et al. [55]

6m

12m

12m

6m

B

B

A2

A2

Some concerns

Some concerns

Low

Low

Weak

Weak

Moderate

Moderate

Function Biopsychosocial approach

Weight loss intervention

Dry needling

Exercise

+

-

-

-

-

Das Naïr et al. [48]

Birch et al. [46]

Liljensoe et al. [52]

Mayoral et al. [55]

Matassi et al. [54]

6m

12m

12m

6m

6m/12m

B

B

A2

A2

A2

Some concerns

Some concerns

Low

Low

Low

Weak

Weak

Moderate

Moderate

Moderate

QoL Biopsychosocial approach

Weight loss intervention

-

-

-

Das Naïr et al. [48]

Birch et al. [46]

Liljensoe et al. [52]

6m

12m

12m

B

B

A2

Some concerns

Some concerns

Low

Weak

Weak

Moderate

Abbreviations: m= months, QoL= Quality of Life, RoB= Risk of Bias

TaggedEndS. Vervullens, L. Meert, I. Baert et al. Annals of Physical and Rehabilitation Medicine 66 (2023) 101705
TaggedEndTaggedPto individuals’ needs [46]. Nevertheless, the study was still consid-
ered stratified because more stringent inclusion criteria (related to
the chronic pain phenotype) were used. TaggedEnd

TaggedPInterventions in other studies were given to a general group of
people with KOA and could be divided into 5 domains: exercise
(strength, balance, neuromuscular or cardiovascular) [49,56,57,59],
biomedical education alone [47], exercise + biomedical education
[43,45,50], osteopathic manipulative interventions [44] and interven-
tions based on a more biopsychosocial approach [53,58,60]. As biop-
sychosocial interventions, a standardized pain neuroscience
education was used in Louw et al. [53] and a realistic expectation pro-
gram in Tolk et al. [60]. The same CBT program as in Birch et al. [46]
was used in Sun et al. as a biopsychosocial intervention [58].TaggedEnd

TaggedPMost control groups received no specific prehabilitation inter-
vention and were asked to continue their activities as if they had
9

TaggedEndTaggedPnot entered the study [43−46,48,49,52,54,55,57,59]. Individuals in
the control group of 6 studies received a preoperative biomedi-
cal-oriented education [47,50,53,56,58,60]. None of the studies
compared a non-stratified care approach with a stratified care
approach to prehabilitation but only compared the approaches
with a control intervention. TaggedEnd

TaggedPThe mean starting time before surgery ranged from 61 weeks
before surgery [52] to the day of surgery [55]. The prehabilitation
interventions ended before surgery, except for in 5 studies
[46,47,52,57,58] in which the content of the prehabilitation con-
tinued in the postoperative phase. As such, the intervention
phase of the study continued postoperatively (ranging from 3
weeks to 1 year post-TKA). All other studies involved standard
postoperative rehabilitation (as if participants had not entered
the study). TaggedEnd



TaggedEnd Table 6
Level of conclusion of ‘non-stratified care’ approach : interaction-effects and between-group differences

Outcomemeasure Intervention Effect Studies Follow-up time Level of evidence RoB Level of conclusion

Pain Exercise +
+

-
-

Rooks et al. [56]
Tungtrongjit et al. [59]

Domínguez-Navarro et al. [49]
Skoffer et al. [57]

6m
6m

12m
12m

A2
A2

A2
A2

Low
Low

Low
Low

Strong

Strong

Exercise + biomedical
education

Biopsychosocial
approach

Biomedical education

Osteopathic manipula-
tion

-
-

-
-

-

-
-

-

-

Aytekin et al. [43]
Beaupre et al. [45]

Beaupre et al. [45]
Huber et al. [50]

Louw et al. [53]

Sun et al. [58]
Tolk et al. [60]

Culliton et al. [47]

Barral et al. [44]

6m
6m

12m
12m

6m

12m
12m

12m

6m/12m

B
A2

A2
A2

B

A2
A2

A2

B

Serious
Low

Low
Low

Serious

Low
Low

Low

Serious

Moderate

Moderate

Weak

Strong

Moderate

Weak

Satisfaction Biopsychosocial
approach

Biomedical education

+

-

-

Louw et al. [53]

Tolk et al. [60]

Culliton et al. [47]

6m

12m

12m

B

A2

A2

Serious

Low

Low

Weak

Moderate

Moderate

Function Exercise -

+
+

Tungtrongjit et al. [59]

Domínguez-Navarro et al. [49]
Skoffer et al. [57]

6m

12m
12m

A2

A2
A2

Low

Low
Low

Moderate

Strong

Exercise + biomedical
education

Biopsychosocial
approach

Biomedical education

Osteopathic manipula-
tion

-
-

-
-

-

-
-

-

-

Aytekin et al. [43]
Beaupre et al. [45]

Beaupre et al. [45]
Huber et al. [50]

Louw et al. [53]

Sun et al. [58]
Tolk et al. [60]

Culliton et al. [47]

Barral et al. [44]

6m
6m

12m
12m

6m

12m
12m

12m

6m/12m

B
A2

A2
A2

B

A2
A2

A2

B

Serious
Low

Low
Low

Serious

Low
Low

Low

Low

Moderate

Strong

Weak

Strong

Moderate

Weak

QoL Exercise

Exercise + biomedical
education

Biopsychosocial
approach

Biomedical education

-
-

-

-

-

-

Domínguez-Navarro et al. [49]
Skoffer et al. [57]

Aytekin et al. [43]

Huber et al. [50]

Tolk et al.[60]

Culliton et al. [47]

12m
12m

6m

12m

12m

12m

A2
A2

B

A2

A2

A2

Low
Low

Serious

Low

Low

Low

Strong

Weak

Moderate

Moderate

Moderate

Abbreviations: m= months, QoL= Quality of Life, RoB= Risk of Bias

TaggedEndS. Vervullens, L. Meert, I. Baert et al. Annals of Physical and Rehabilitation Medicine 66 (2023) 101705
TaggedPAll details about follow-up time, loss to follow-up, content,
modalities and provider of intervention are in Table 3.TaggedEnd

TaggedH2Long-term outcome after a stratified care approach (Table 5) TaggedEnd

TaggedPThe effects of the studies of Birch et al. [46] and Liljensoe et al. [52]
are presented as interaction effects (group x time), and the effects of
10
TaggedEndTaggedPdas Naïr et al. [48], Matassi et al. [54] and Mayoral et al. [55] are only
presented as between-group differences at a given time (no interac-
tion effect). TaggedEnd

TaggedPPain. Four of 5 studies investigated the effect on pain. Dry needling
in individuals with myofascial trigger points [55] and a biopsycholog-
ical approach (based on tailored CBT) in individuals with the chronic
pain phenotype [48] as prehabilitation resulted in no improvement



TaggedEnd TaggedFigure

Fig. 1. Flowchart of study selection. TaggedEnd

TaggedEndS. Vervullens, L. Meert, I. Baert et al. Annals of Physical and Rehabilitation Medicine 66 (2023) 101705
TaggedEndTaggedPat 6 months after TKA as compared with no prehabilitation (p>0.05).
In addition, no effect was found for a biopsychological approach
(based on standardized CBT) in individuals with the chronic pain
phenotype [46] or weight loss intervention in individuals with the
metabolic syndrome or mechanical overload phenotype [52] at 12
months after TKA as compared with no prehabilitation (p>0.05). TaggedEnd

TaggedPFunction. All 5 studies investigated the effect on several aspects of
function. Only das Naïr et al., in which a biopsychosocial prehabilita-
tion (stratified CBT) in individuals with the chronic pain phenotype
was performed [48], reported a significant effect on function at 6
months post-TKA as compared with no prehabilitation (p=0.009). Dry
needling in participants with myofascial trigger points [55] and exer-
cise in individuals with specific criteria related to BMI, physical func-
tion and joint motion [54] resulted in no difference after 6 months as
compared with no prehablitation (p>0.05). In addition, a biopsycho-
social prehabilitation approach (standardized CBT) in individuals
with the chronic pain phenotype resulted in no significant improve-
ment at 12 months post-TKA as compared with no prehabilitation
(p>0.05) [46]. Also, the weight loss intervention in individuals with
the metabolic syndrome or mechanical overload phenotype con-
ferred no significant improvement at 12 months post-TKA as com-
pared with no prehabilitation (p>0.05) [52].TaggedEnd
11
TaggedPQuality of life. Quality of life was assessed in 3 studies. Despite the
phenotype or specific study criteria-tailored prehabilitation in the
studies, no differences over time were found for the biopsychosocial
approaches in individuals with chronic pain phenotype at 6 months
[48] and 12 months post-TKA [46] and a weight loss intervention in
individuals with the metabolic syndrome or mechanical overload
phenotype [52] at 12 months post-TKA as compared with no prehabi-
litation (p>0.05). TaggedEnd

TaggedPSatisfaction. This outcome measure was not used in the studies
with a stratified care approach. TaggedEnd

TaggedPDetails can be found in Table 3 and Table 5.TaggedEnd

TaggedH2Long-term outcome after a non-stratified care approach (Table 6) TaggedEnd

TaggedPAll effects are presented as interaction effects (group x time),
except for the studies of Barral et al. [44] and Cullliton et al. [47], in
which only the between-group differences at one given time (base-
line and postoperative) are described (no interaction effects). TaggedEnd

TaggedPPain. All 12 studies used pain as an outcome measure. None of the
prehabilitation intervention types had an effect on pain at 6 or 12
months after TKA as compared with no or biomedical education pre-
habilitation, except for the studies of Rooks et al. [56] and
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TaggedEndTaggedPTungtrongjit et al. [59]. These studies found a significant improve-
ment at 6 months after TKA in favour of their intervention groups
receiving exercise (p<0.05 and p=0.029, respectively) as compared
with biomedical education prehabilitation and no prehabilitation,
respectively. TaggedEnd

TaggedPSatisfaction. Three studies investigated the effect of prehabilitation
on satisfaction; only Louw et al. [53] reported a significant positive
effect of a biopsychosocial prehabilitation (standardized pain neuro-
science education) approach at 6 months after TKA as compared with
biomedical education prehabilitation (p=0.03). However, Tolk et al.
[60] found no significant improvement in satisfaction at 12 months
after TKA for the biopsychosocial prehabilitation (realistic expecta-
tions program) approach as compared with the biomedical education
prehabilitation using an intention-to-treat analysis (p>0.05). The
authors also performed a per protocol analysis for this outcome,
which did reveal a significant positive effect of the intervention on
satisfaction at 12 months post-TKA (p= 0.012). However, the inten-
tion-to-treat analysis was dominant according to their methodology.
Additionally, an online e-learning tool of biomedical education pre-
habilitation resulted in non-significant improvements at 12 months
after TKA as compared with a biomedical education given on paper
(p>0.05) [47].TaggedEnd

TaggedPFunction. All 12 studies investigated the effect on function. None
of the interventions had an effect on postoperative function as com-
pared with no prehabilitation or biomedical education prehabilita-
tion, again except for exercise [49,57]. Despite no significant effect
found at 6 months post-TKA (p>0.05), exercise did result in a signifi-
cant increase in single leg standing time [p=0.043] [49] and increase
in strength of quadriceps (p=0.002) and hamstrings (p=0.042) [57] at
12 months post-TKA as compared with no prehabilitation. TaggedEnd

TaggedPQuality of life. Exercise, exercise + biomedical education, a biopsy-
chosocial approach or biomedical education alone as prehabilitation
resulted in no significant effects regarding quality of life at 6 months
[43] or 12 months [47,49,50,57,60] post-TKA (p>0.05) as compared
with no or biomedical education prehabilitation. TaggedEnd

TaggedPDetails can be found in Table 3 and Table 6. TaggedEnd

TaggedH1Discussion TaggedEnd

TaggedPThe first aim of this systematic review was to investigate whether
previous prehabilitation studies of people with KOA awaiting TKA
included phenotypes or specific individual characteristics as study
inclusion or exclusion criteria and whether the content of the preha-
bilitation was stratified accordingly. The second aim was to synthe-
sise and compare the long-term outcomes after TKA regarding pain,
satisfaction, function or quality of life of the studies with non-strati-
fied prehabilitation care in relation to studies with stratified prehabi-
litation care. TaggedEnd

TaggedPFor the first aim, our systematic review found that none of the
previous prehabilitation clinical trials explicitly mentioned clinical
phenotypes in their study inclusion criteria. The study inclusion crite-
ria of 3 studies [46,48,52] could be related to a specific phenotype,
and 2 others [54,55] described more specific criteria beyond the KOA
diagnosis. The study inclusion and exclusion criteria of 4 studies
[46,52,54,55] were adapted to the intervention accordingly; only in
the das Naïr et al. [48] study was the intervention adapted to individ-
uals’ needs. TaggedEnd

TaggedPRegarding the second aim, none of the studies compared a non-
stratified care approach with a stratified care approach to prehabilita-
tion. Our systematic review found that all studies compared their
prehabilitation with a control group, and as such, could only provide
a comparison of stratified care versus control and non-stratified care
versus control prehabilitation. Evidence was weak for a positive
effect of the stratified care approach: biopsychosocial prehabilitation
(stratified CBT) resulted in a positive effect at 6 months after TKA on
function as compared with no prehabilitation. Accordingly, evidence
12
TaggedEndTaggedPwas weak for a positive effect of the non-stratified care approach of a
standardized pain neuroscience education program compared to a
biomedical education program but not on satisfaction at 6 months
post-TKA. However, evidence was strong for a positive effect of exer-
cise prehabilitation on pain at 6 months after TK and on function at
12 months after TKA in the non-stratified care approach as compared
with no prehabilitation. We could not establish other significant
results on any outcome and follow-up time regarding other prehabi-
litation interventions compared to control groups. Details about all
levels of conclusions are presented in Table 5 and Table 6. TaggedEnd

TaggedPDespite the acknowledged importance of subgrouping and strati-
fied care in heterogenous diseases such as KOA [61], most of the liter-
ature including prehabilitation before TKA completely lacked this
approach. In people with back pain, Foster et al. [26] identified 3
approaches for stratified care: stratification based on risk profile,
mechanisms and treatment respondents. The third approach was
used in 4 stratified studies included in this review [46,52,54,55]. The
interventions of these studies already existed, and individuals were
selected on the basis of criteria matched to the factors the interven-
tion were thought to address [26]. However, this strategy seemed not
ideal. For example, in the study of Mayoral et al. [55] (one of stratified
care studies), people with KOA were screened for myofascial trigger
points to match their predefined intervention; regardless, every indi-
vidual screened by the authors fulfilled the criteria and therefore
none could be excluded. As such, this seemed no argument for a sub-
group of people with KOA. Only the das Naïr et al. study [48] (one of
the stratified care studies) implemented biopsychosocial prehabilita-
tion care stratified to individuals’ needs, instead of visa versa (such as
the other 4 studies). Remarkably, this is also the only stratified care
study that showed a significant positive effect. As such, this study
probably used a more effective way of stratification. TaggedEnd

TaggedPThe treatment-respondents approach is in fact not the most ideal
way of individual centered care in research and clinical practice. Cur-
rent Osteoarthritis Research Society International guidelines still rec-
ommend a “stepped care” approach in KOA intervention studies; that
is, all people with KOA receive the same intervention, and treatments
are modified only if an individual does not benefit sufficiently. Exer-
cise and education are the core elements. However, these guidelines
focus on non-surgical management, and clear guidelines for prehabi-
litation are lacking [62].TaggedEnd

TaggedPAll the prehabilitation interventions of the included studies had
the aim to improve certain postoperative outcomes more than con-
trol interventions. Nevertheless, the goal of prehabilitation itself is to
focus on improving risk factors for insufficient postoperative out-
come [13]. None of the studies explicitly targeted this, and hence, the
aim of prehabilitation was probably missed. More ideally, the most
suitable prehabilitation intervention is to probably tailor the inter-
vention based on the phenotype or specific individual’s characteris-
tics (including risk factors for insufficient postoperative outcome).
This situation creates a sub-clustering of people with KOA in which
the intervention needs to be adapted to the modifiable prognostic
characteristics of the individual [63,64]. TaggedEnd

TaggedPIn terms of research, single-case experimental designs or prag-
matic trials, with the possibility to stratify the intervention, are a
great option to test the hypothesis that stratified rather than non-
stratified prehabilitation is more effective [65]. This will be the only
way to finally find evidence about whether to use a stratified
approach or not and if so, to draw conclusions about the best
matched stratified approach. A recent review also indicated the
importance of a direct comparison of effective stratified versus non-
stratified care because this kind of research in musculoskeletal dis-
eases is extremely lacking [63].TaggedEnd

TaggedPIn addition, previous research of people with KOA suggested the
importance of identifying a clinical phenotypes based on modifiable
factors first, to guarantee optimal individual stratified treatment
[24−26]. Hence, the phenotypes chosen in the Dell’Isola et al. study
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TaggedEndTaggedP[19] were based on people with KOA not awaiting TKA and therefore
not specifically chosen for prehabilitation purposes. More studies
building further on clinical phenotypes are necessary, to find the
optimal division of clinical phenotypes that can be used in people
with KOA awaiting TKA and to test the prognostic value of identified
phenotypes. TaggedEnd

TaggedPIn general, we found the strongest evidence for the effect of exer-
cise prehabilitation on pain at 6 months and on function at 12
months post-TKA in the non-stratified care approach as compared
with no prehabilitation. This finding is in line with studies focusing
on the effect of exercise as treatment in people with KOA or as reha-
bilitation in individuals with TKA [62]. Exercise therapy seems to
have a positive effect on pain and function in many populations;
however, most of the time, the positive effects of exercise therapy
have been rather small to moderate [66,67]. The extent of the positive
effect of exercise in the included studies is unclear because none
reported effect sizes. As suggested above, effective matched stratified
prehabilitation care might result in even better effects [18,63,64].
This hypothesis is strengthened because in a recent study, a stratified
exercise approach in people with KOA (not awaiting TKA) revealed
higher improvements regarding pain and functional activity as com-
pared with previous stepped care research [29]. Therefore, ineffective
stratified care (matching the individuals to the intervention instead
of visa versa) could have resulted in non-significant positive effects
of exercise prehabilitation in the stratified care studies of this review. TaggedEnd

TaggedPAnother important observation is that none of the studies
included a process evaluation of the given prehabilitation, except for
Birch et al. [46], in which physiotherapists regularly met to align their
given treatment. Only in Beaupre et al. [45] and Matassi et al. [54]
were individuals instructed to complete a log book to have an idea
about their therapy compliance, which was in both studies about
80%. No other control factor to guarantee the quality of the interven-
tion was mentioned in these and other studies. TaggedEnd

TaggedPThe lack of effect of other prehabilitation strategies, apart from
exercise, is in line with a recent systematic review and meta-analysis
of Dennis et al. [15], which found low to moderate evidence that pre-
habilitation before TKA resulted in no benefit on long-term pain out-
comes, and also other recent systematic reviews reported only a
benefit on short-term outcomes [68,69]. This situation might be
related to the aforementioned theories of effective stratified care
[29]. Likely, the included studies in the reviews did not perform per-
sonalized stratified care, or none of the reviews intended to compare
studies with a stratified care approach to studies with a non-stratified
care approach. TaggedEnd

TaggedPMoreover, in 2 studies of the non-stratified care approach as well
as in more than the half of the studies using the stratified care
approach [44,47,48,54,55], statistical analyses did not measure inter-
action effects. Therefore, the difference in results was only measured
and compared at a specific time and so the analyses were cross-sec-
tional. This situation may have resulted in indecisive changes over
time. Additionally, 2 stratified care studies exhibited only medium
RoB; therefore, conclusions could only be made with moderate or
weak evidence [46,48]. Both reasons again might not have revealed
potentially positive results of prehabilitation. TaggedEnd

TaggedPIn general, to date, there are not enough high-quality studies to
draw hard conclusions. Scientific research is the basis for our educa-
tion and clinical practice, so this field of research must be brought to
a higher level. First, an adequate assessment of the individual taking
into account all modifiable risk factors for insufficient postoperative
outcome with the prognostic value is necessary for sub-clustering
individuals in scientific research and clinical practice. Second, an indi-
vidual-characteristics stratified intervention with a sufficient process
evaluation including all qualitative (adherence to intervention proto-
col, control whether the changes are as expected) and quantitative
(number of sessions, frequency per week etc.) elements, including
the clear aim of the prehabilitation must follow. TaggedEnd
13
TaggedH2Strengths and limitations of the reviewTaggedEnd

TaggedPA huge strength of this systematic review is that this is the first
review of people with KOA that tried to investigate the difference in
effectiveness between studies with a stratified care approach and
those with a non-stratified care approach. We were not able to make
a direct comparison, but the comparison of stratified care versus con-
trol and non-stratified care versus control was possible to a certain
level. TaggedEnd

TaggedPA limitation is that studies that used a follow-up period of < 6
months were excluded. Perhaps if other studies with a shorter fol-
low-up were included, the short-term differences could also be
investigated. One of the 2 approaches could have resulted in better
outcomes sooner as compared with the other approach, but the dif-
ference in treatment effect faded away at a longer follow-up. This
study could also be interesting, because in this population, apart
from the influence of other factors, the sooner individuals get better,
the fewer treatment sessions they might need. However, our focus,
and thus main outcomes, were persistent pain and satisfaction.
Because previous research on the effect of TKA in people with KOA
has shown that most of the improvement was seen at 3 to 6 months
after surgery (a normal expected healing process) [70−73], this
strengthened our decision to opt for a minimum follow-up time of 6
months. TaggedEnd

TaggedPA second limitation is that we used the clinical phenotypes
described by Dell-Isola et al. [19]. We do not know whether all
study characteristics included in the different phenotypes were
modifiable factors with a sufficient prognostic value as the stud-
ies, on which the division of Dell-Isola et al. was based, were
cross-sectional. The characteristics of the described phenotypes
have never been tested in an intervention study, and therefore,
no definite conclusion about the “modifiability” and “prognostic
value” can be drawn. Nevertheless, this is the first review that
described such clinical division, and in a later study, Dell-Isola et
al. found that 84% of their 600 participants with KOA could be
divided into these phenotypes [74]. This finding strengthens our
choice to analyse the included studies based on their identified
phenotypes, as this is currently the only available “more clinically
based stratification”. More research on stratifying and its treat-
ment efficacy is certainly warranted. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPTo date, only 5 existing clinical prehabilitation intervention trials
in people with KOA awaiting TKA focused on a specific sample, which
was based on a KOA phenotype or more stringent inclusion or exclu-
sion study criteria and thus used a kind of stratified prehabilitation
care. However, in 4 of the 5 studies, this stratification was not that
efficient because the intervention was set up first and the study par-
ticipants were matched to the intervention instead of visa versa. This
systematic review found strong evidence for a positive effect of exer-
cise prehabilitation versus no prehabilitation on pain at 6 months
post-TKA and function at 12 months post-TKA and weak evidence for
a positive effect of a pain neuroscience education prehabilitation ver-
sus biomedical education on satisfaction at 6 months post-TKA
regarding the non-stratified care studies. Evidence was weak for a
positive effect of a biopsychosocial approach prehabilitation on func-
tion at 6 months after TKA as compared with no intervention regard-
ing the stratified care studies. This was also the only study that used
stratification based on individual characteristics instead of visa versa.
No direct comparison of stratified compared to non-stratified studies
was possible. More matched stratified care studies using a pragmatic
trial or single-case experimental design in people with KOA are
highly needed. TaggedEnd
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