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Abstract

Background: There have been controversial findings for the effectiveness of rehabilitation before operation after
total knee arthroplasty (TKA). This study aimed to conduct an updated, comprehensive systematic review. On that
basis, the review was to be combined with meta-analysis to measure the effects of rehabilitation before operation on
functions and pain after TKA.

Methods: Articles were searched by using Central Register of Controlled Trials (CENTRAL), Web of Science, EMBASE,
Cochrane, Pubmed, CNKI, Wanfang, Weipu and the Chinese Biomedical Database from the beginning to December
10, 2021.The major outcomes included pain, knee flexion and extension, as well as knee range of motion (ROM). Sec-
ondary outcomes included timed-up-and-go (TUG), 6-min walk, and patient-reported functional outcome (the Knee
Injury and Osteoarthritis Outcome Score (KOOS) or Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAQ)). Third outcomes included the length of hospital stay.

Results: Nineteen studies recruiting 1008 patients satisfied with the inclusion criteria. Significant difference was
identified in knee flexion, TUG, KOOS (knee-associated life quality and functions in sports and recreation), as well as
the length of hospital stay (P<0.05). Insignificant statistical difference was identified in pain, 6-min walk, ROM, knee
extension, KOOS (pain, symptoms and function of daily living) after TKA between the two groups. No difference was
found between the groups in WOMAC.

Conclusions: Preoperative rehabilitation could significantly shorten hospital stay, whereas there is not any conclu-
sive evidence of the improvement of postoperative functions. Accordingly, in-depth high-quality studies should be
conducted to confirm the effectiveness of preoperative rehabilitation in patients having received TKA.
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Introduction
Osteoarthritis (OA) refers to a commonly used joint
degenerative diseases, capable of leading to joint pain and
disability. Total knee arthroplasty can effectively treat
end-stage knee osteoarthritis, through which knee pain
;Corespondence: hanfei9110@126.com can be significantly effectively relieved, and knee func-
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Hunan, China 72,100 TKAs were reported in the United States in 2014,
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and the incidence of TKA was expected to increase from
78 to 182% in the period of 2014 to 2030 [3]. Though the
hospitals have optimized many procedures to reduce
patients” waiting time for TKA, whereas waiting times
remain excessively long for patients with pain and dis-
abilities [4]. Long time waiting may make the patient’s
muscle strength damage, reduce the range of motion,
have negative consequences for postoperative outcome
[5].

Appropriate rehabilitation after TKA may certainly
affect the course and outcome of the surgery. Rehabilita-
tion program mainly includes supervised rehabilitation
and home-based programs. No matter which rehabilita-
tion program can improve the postoperative function of
knee surgery, so that patients get the best rehabilitation
effect [6]. Preoperative training was reported as an effec-
tive and safe method to improve postoperative functional
performance and muscle strength for patients having
received TKA [7]. According to Calatayud et al. [8] high-
intensity preoperative supervised training can reduce
postoperative pain, improve lower limb muscle strength,
range of motion, and shorten the length of hospital stay in
patients with TKA. Moreover, Matassi et al. [9] reported
that preoperative home exercise program is more condu-
cive to the recovery of primary TKA patients, as opposed
to the control. However, the effectiveness of preoperative
rehabilitation is also uncertain. Huber et al. [10] reported
that preoperative training programs did not benefit to
postoperative functional recovery. Recently, Mat et al.
[11] even reported that the 6-week preoperative physi-
otherapy did not significantly impact the early function
and range of motion after TKA. Though existing system-
atically reviewing studies surveyed the effect of rehabili-
tation before operation on outcomes after the operation
for patients having received TKA, there is still conflict-
ing to whether preoperative rehabilitation improves post-
operative outcome [12, 13]. There is a need to conduct a
reviewing study the recent articles and assess the impact
exerted by rehabilitation before operation on postopera-
tive outcomes for patients having received TKA.

Thus, this study aimed to make a systematic review
with an improved and extensive method. On that basis,
the meta-analysis was combined to examine the impact
of rehabilitation before operation on early functions and
pain after TKA.

Materials and methods

Searching strategy and identification of literature

With Pubmed, Cochrane Central Register of Controlled
Trials (CENTRAL), Web of Science, EMBASE, CNKI,
Wanfang, Weipu and the Chinese Biomedical Data-
base, the search was conducted from their inception
to December 10, 2021. In addition, more articles were
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identified from relevant references. The search used was
combined with subject words and free words (e.g., total
knee replacement OR total knee arthroplasty OR TKA
AND pre-habilitation OR rehabilitation OR resistance
Training OR exercise OR training AND before opera-
tion). This study has been registered on the Research
Registry, registration ID: reviewregistry1139.

Inclusion and exclusion criteria

Inclusion criteria: (1) controlled articles under randomi-
zation. (2) Comparison of the preoperative rehabilitation
group and the control who lived as usual. (3) Included
patients were unilateral TKA with OA. (4) Clinical out-
comes: the primary included pain, knee motion range
(ROM), knee flexion and extension. Secondary outcomes
included TUG, 6-min walk, patient-reported functional
performance (KOOS or WOMAC). Third outcomes
included the length of hospital stay.

Exclusion criteria: (1) Repeated published literature.
(2) Not any outcome of interest suggested. (3) Trials type
as “case reports’, “reviews’, “meta-analysis” and “letters”.
(4) Animal experiments. (5) Articles without full text. (6)
Documents not published in English or Chinese.

Data extraction

All the literatures were imported into Endnote software,
and the two investigators independently read abstracts
and titles to preliminarily screen the articles under the
inclusion and exclusion criteria. The literature that met
the inclusion criteria was further read and screened again
to determine whether it was included or not. Any objec-
tions to the included articles should be resolved on the
basis of discussion or arbitration by a third investigator.
The extraction contents include authors, publication year,
country, patients, age, gander, body mass index (BMI),
intervention measures and study type. After data extrac-
tion was completed, the two investigators cross-checked
the extraction results. If the needed information in the
article was missing or ambiguous, we attempt at contact-
ing article authors for more details.

Quality evaluation

Two investigating staffs conducted the independent eval-
uation of included trials quality by complying with the
Cochrane Handbook for Systematic Reviews of Interven-
tions guideline. Assessment indicators include selective
reporting, incomplete outcome data, blinding of outcome
assessment, blinding of participants and personnel, allo-
cation concealment, random sequence generation, and
other bias. The respective item had the evaluation to be
"low risk bias’, “high risk bias" and "unclear". If the two
investigators had different opinions in the process of
inclusion literature and quality evaluation, they would
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discuss and resolve or request the third investigator to
arbitrate.

Data analysis and statistical method

The effect sizes of the respective analysis were deter-
mined using Review Manager Statistical software (ver-
sion 5.3). Standardized mean difference (SMD) or
weighted mean difference (WMD) acted as effects, the
95% confidence interval represents the effect size. The
pooled odds ratio (OR) with 95% confidence intervals
(95% Cls) was adopted to assist dichotomous results.
Besides, the estimation of the uninterrupted results was
made from the WMD or SMD pooled with 95% Cls. The
estimation of the statistical heterogeneity between arti-
cles was made using the value of P and 2. A fixed-effect
model was used when P>0.1 and I*<50%; otherwise,
a random-effect model was employed for the analyses.
The sensitivity analysis was conducted to examine the
likely heterogeneity source. Subsequently, the identified
articles causing significant heterogeneity were excluded,
and a repeated meta-analysis on the remaining articles
was made for the adjustments. The meta-analysis robust-
ness here was demonstrated if no considerable variations
were being identified between the regulated and major
results. The work has been reported in line with PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) and AMSTAR (Assessing the meth-
odological quality of systematic reviews) Guidelines.
PRISMA checklist is shown in the Additional file 1.

Results

Study selection and quality assessment

Following the existing searching strategy, 1990 studies
originated in the online database from Jan. 1987 to Dec.
10, 2021. When duplicates were removed, 1584 studies
were kept. Next, based on the view of titles and abstracts,
1418 articles were removed. Among the rest 50 studies,
31 studies were excluded, which was attributed to sev-
eral factors. Lastly, 19 full-text articles were applicable to
the present meta-analysis [8—11, 14—28] (Fig. 1). Table 1
and Figs. 2, 3 summarize the features, quality assessment
and demographics of the articles included (Risk of bias
summary).

Meta-analysis results

Visual analog scale (VAS)

Pain was measured by VAS scores. Six studies [8, 14,
15, 21, 26, 28] (317 patients) reported the effects of pre-
habilitation on postoperative pain. In this study, data
were extracted twice. Subgroup analysis was conducted
at the 6th and 12th weeks after TKA. As impacted by
the heterogeneity of the subgroups (I*=84%, P=0.08),
the random response model was adopted. No significant
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difference received the identification between the two
group [MD=-— 0.51, 95% CI (— 1.07, 0.06), P=0.08]
(Fig. 4).

Knee motion range (ROM), knee flexion and extension

On the whole, two trials [11, 26] (110 patients) presented
information regarding knee ROM and eight trials [8,
10, 16, 19-22, 26] (404patients) presented the informa-
tion regarding knee extension and seven trials [8, 10,
16, 20-22, 26] (368patients) presented the information
regarding knee flexion. No significant difference received
the identification between the two group for ROM at the
6th week after TKA [I?=0%, MD =5.4, 95% CI (— 0.12,
10.93), P=0.06)] (Fig. 5). For flexion and extension, data
were extracted three times, Subgroup analysis was con-
ducted data extraction was conducted at the 6th week,
the 12th week and the 1 year after TKA. Statistical dis-
tinction was found between the two groups [I>=70%,
MD=3.8, 95% CI (0.6, 7.01), P=0.02] (Fig. 6). Not any
obvious distinction was reported for knee extension
between the two groups [I*=76%, MD = — 1.02, 95% CI
(— 2.10, 0.06), P=0.06] (Fig. 7).

Timed-up-and-go (TUG) and 6-min walk

Six trials here [8, 10, 16, 19-21] (285 participants) pro-
vided data of TUG. In this study, data were extracted
twice. Subgroup analysis was conducted at the 6th week
and the 12th week after TKA. Noticeable difference
was reported between two groups for TUG [I*=15%,
MD=-— 147, 95% CI (— 1.94, — 1.01), P<0.01] (Fig. 8).
Two trials [21, 28] (113 patients) presented the infor-
mation of 6-min walk at the 12th week after TKA. No
significant difference was reported between the two
group in 6-min walk test [I>=63%, MD = — 8.75, 95% Cl
(— 51.53t0 34.03), P=0.69] (Fig. 9).

Patient-reported functional outcomes

There were five trials [10, 11, 16, 21, 22] (267 patients)
reported the data of KOOS symptoms, six trials [10,
11, 15, 16, 21, 22] (311 patients) reported the data of
KOOS (knee-associated life quality, daily living func-
tion, pain), and four trials [10, 11, 15, 21] (198 patients)
reported the data of KOOS functions in sports and rec-
reation. Data were extracted three times, the subgroup
analysis was conducted at the 6th week and the 12th
week and one year after TKA during KOOS symptoms,
pain, function of daily living, knee-related quality of
life. There was no statistical difference between the two
groups for KOOS symptoms [>=0%, MD=2.02, 95%
CI (— 0.02, 4.06), P=0.05] (Fig. 10). No statistical differ-
ence was identified between the two groups for KOOS
pain [I?=0%, MD =1.18, 95% CI (— 0.89, 3.26), P=0.26]
(Fig. 11). There was no statistical difference between the
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Fig. 1 Flow chart of the systematic literature

two groups for KOOS function of daily living [I*=27%,
MD=1.62, 95% CI (— 0.30, 3.54), P=0.10] (Fig. 12). A
statistical difference was found between the two groups
for KOOS knee-related quality of life [I> = 0%, MD =2.87,
95% CI (0.23, 5.52), P=0.03] (Fig. 13). For KOOS func-
tions in sports and recreation, data were extracted twice.
The subgroup analysis was conducted at the 6th week
and the 12th week after TKA. A statistical difference
was found between the two groups [ =42%, MD =7.51,
95% CI (3.37, 11.65), P<0.01] (Fig. 14). There were seven
trials [8, 19, 23-27] (349 patients) reported the data of
WOMAC pain, six trials [8, 19, 23, 25-27] (311 patients)
reported the data of WOMAC stiffness, six trials [8, 19,
23-26] (301 patients) reported the data of WOMAC
function. The subgroup analysis was conducted at the 6th

week and the 12th week after TKA. No statistical differ-
ence was identified between the two groups for WOMAC
(pain, stiffness, function) (Figs. 15, 16, 17).

The length of hospital stay

Of the 19 trials, two trials [9, 17] (365 patients) reported
the data of length of hospital stay. The pre-habilitation
group showed a shorter length of hospital stay when
compared with the control [2=0%, MD = — 0.96, 95% Cl
(— 1.31, — 0.61), P<0.001] (Fig. 18).

Discussion

The efficacy of preoperative rehabilitation on functional
recovery for patients having received TKA remains
controversial [17, 29]. Previous systematic reviews [12]
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Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)
Selective reporting (reporting bias)
Other hias
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.Low risk of hias DUnclear risk of hias .High risk of hias
Fig. 3 The risk of bias graph of the included studies
Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean __ SD _Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
10.1.1 6 week after TKA
Alghadir 2016 19 14 25 24 13 25 140% -050[1.25,0.25) —
Skoffer 2016 1.2 1.7 30 1211 29 14.2% 0.00[-0.73,0.73] —
Subtotal (95% CI) 5 54 28.3% -0.24[-0.77,0.28] ‘
Heterogeneity: Tau*= 0.00; Chi*= 0.88, df=1 (P=0.35), F= 0%
Test for overall effect: Z=0.91 (P = 0.36)
10.1.2 12 week after TKA
Aytekin 2018 1.7 186 il 26 24 23 102% -0.80[-2.10,0.30] . T
Calatayud 2017 1.4 11 25 29 13 25 148% -150[217,-0.83) —
Skoffer 2016 1 17 30 11 13 29 138% -0.10[-0.87,0.67] - .
Topp 2009 15 03 26 1.3 03 28 18.3% 0.20 [0.04, 0.36) iR
Tungtrongjit 2012 16 13 30 26 14 30 146% -1.00[-1.68,-0.32) —_—
Subtotal (95% CI) 132 135 71.7% -0.62[-1.41,0.17] -'
Heterogeneity: Tau*= 0.67; Chi*= 35.66, df= 4 (P < 0.00001); F=89%
Test for overall effect. Z=1.55 (P=0.12)
Total (95% CI) 187 189 100.0% -0.51[-1.07, 0.06] -
Heterogeneity: Tau®= 0.45; Chi*= 37.53, df= 6 (P < 0.00001); = 84% Y g 5 3 )
Test for overall effect. Z=1.75 (P = 0.08) )
Test for subaroun differences: Chi*=0.62. df=1(P=043).F=0% Favours [experimental] Favours [contro]
Fig.4 A forest plot diagram showing the VAS score
Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
MatEil-lsmail 2016 1088 143 24 1023 138 26 502% 6.50[1.30,14.30] "
Tungtrongjit 2012 1136 134 30 1093 173 30 498% 4.30[-353,1213 T
Total (95% CI) 54 56 100.0% 5.40[-0.12,10.93] .
Heterogeneity: Ch= 0.15, df=1 (P = 0.70); F= 0% t t f y
gensily (P=0.70) 50 25 0 2% 50

Test for overall effect Z=1.92 (P = 0.06)

Fig.5 A forest plot diagram showing the ROM

Favours [experimental] Favours [control]

reported that compared with the control, preoperative
rehabilitation had a consistent functional recovery effect
in patients having received TKA. Recently, preoperative

rehabilitation has still aroused huge attention, and con-
siderable studies were conducted on the effect of preop-
erative rehabilitation for functional recovery after TKA
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

3.1.1 6 week after TKA

An 2021 1383 18 18 1279 67 18 13.0% 1040(7.20,13.60) —

Cavill 2016 108 106 21 982 111 20 91% 12.60(5.95, 19.25) I

Dominguez-Navarro 2021 103.2 104 28 1016 91 26 107%  1.60[-3.60,6.80) N I

Skoffer 2016 1086 11 30 1061 138 29 94%  250[-3.88,8.88) I

Subtotal (95% Cl) 97 93 42.2%  6.86[1.56, 12.16] -

Heterogeneity Tau®= 21.70; Chi*=12.63, df=3 (P = 0.005); F= 76%

Testfor overal effect: Z=2.54 (P = 0.01)

3.1.2 12 week after TKA

Calatayud 2017 0.2 12 25 964 126 25 89% 4.80[2.02 11.62) 1

Huber 2015 M31 115 22 1163 12 23 89% -3.20(10.07,3.67) _

Skoffer 2016 113 148 30 1125 78 29 98%  050[-551,651) T

Tungtrongjit 2012 M3.7 138 30 1091 171 30 79% 4.60(-3.26, 12.46) .

Subtotal (95% Cl) 107 107 354%  1.45[-2.17,5.08] R

Heterogeneity Tau*=1.63; Chi*= 3.40,df=3 P=0.33); F=12%

Testfor overal effect Z=0.79(P=0.43)

3.1.3 1 year after TKA

Dominguez-Navarro 2021 1051 102 28 1029 85 26 11.0%  2.20(-2.79,7.19) i i

Skoffer 2020 173 84 30 1164 98 29 114%  090[-3.76,5.56) -1

Subtotal (95% Cl) 58 55 223%  1.51[-1.90,4.91] -

Heterogeneity Tau*= 0.00; Chi*=0.14,df=1 P=0.71); F= 0%

Test for overal effect: Z=0.87 (P = 0.39)

Total (95% Cl) 262 255 100.0%  3.80(0.60,7.01) R

Heterogeneity. Tau? = 17.85; Chi*= 20.87, df=9 (P = 0.0005); F = 70% 3 " ] 5 5

Testfor overall effect: Z= 2.33(P = 0.02)
Testfor subaroun differences: Chi*=3.25. df=2 (P = 0.20). F= 38.4%
Fig. 6 A forest plot diagram showing the knee flexion

Favours [experimental] Favours [control)

[8, 15, 16, 21]. Accordingly, the meta-analysis of the pre-
sent study updated the literature to further assess the
effect of preoperative rehabilitation on postoperative
functions for patients having received TKA. This study
made a summary of evidence from 19 randomized con-
trolled trials which provided a clearer pole of preopera-
tive rehabilitation for patients with TKA. According to
the results of this study, preoperative rehabilitation was
effective in reducing the length of hospital stay. It could
be effective in improving knee flexion, TUG, KOOS
(knee-related quality of life and functions in sports and
recreation). However, it did not alter among pain, 6-min
walk, ROM, knee extension, KOOS (symptoms, pain,
function of daily living), WOMAC (pain, stiffness, func-
tion) following TKA. There was a certain heterogeneity
among the included studies, which may be due to the dif-
ferent evaluation scales held by different researchers.
Pain was the primary outcome in the meta-analysis
here. As it was uncovered from this study, preoperative
rehabilitation did not increase postoperative pain follow-
ing TKA in terms of the VAS scores either at the 6th week

or the 12th week postoperatively, which was consistent
with precedent studies [30]. Pain acts as the main symp-
tom of knee OA and a key determinant of knee extension
and flexion in knee OA. Thus, it has become one of the
main problems to be solved by TKA. Such a study further
showed that OA who had never exercised thought exer-
cise might damage joints. However, preoperative rehabil-
itation is capable of reducing this fear, helping find ways
to cope with pain, and maintaining exercise levels after
surgery to improve their quality of life in depth [8].
Moreover, the knee range of motion is a vital indica-
tor of postoperative functional recovery. As illustrated by
Skoffer et al. [21] as opposed to the control, the 4-week
preoperative progressive resistance training failed to sig-
nificantly mitigate the knee flexion and extension at the
6th week and the 12th week postoperatively. As reported
by Mat et al. [11] no significant difference in ROM was
identified in the two groups. However, An [19] indicated
that preoperative tele-rehabilitation yielded improve-
ment in the knee flexion at the 6th week postoperatively.
In the meta-analysis here, the subgroup analysis was
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
4.1.1 6 week after TKA
Cavill 2016 129 85 21 133 64 20 41% -040[-499 419
Dominguez-Navarro 2021 -42 41 28 -36 29 26 109% -0.60[-248,1.28) —
Skoffer 2016 52 29 30 52 32 29 122%  0.00[1.56,1.56) -1
Subtotal (95% CI) 79 75 21.3% -0.25[-142,091] -
Heterogeneity: Tau*= 0.00; Chi*= 0.24, df= 2 (P = 0.89); F= 0%
Test for overall effect: Z=0.43 (P = 0.67)
4.1.2 12 week after TKA
Calatayud 2017 82 37 25 139 37 25 103% -570[7.75,-365) — "
Huher 2015 39 47 22 27 44 23 82%  1.20[1.46,3.86)
Skoffer 2016 33 28 30 43 24 29 132% -1.00(-2.33,033 L
Tungtrongjit 2012 03 18 30 0209 30 153% 010[062 082 %
Subtotal (95% Cl) 107 107 47.0% -1.34[-3.66,0.98] B
Heterogeneity: Tau?= 4.78; Chi*= 29.45, df= 3 (P < 0.00001); *= 90%
Test for overall effect. Z=1.13 (P = 0.26)
4.1.3 1year after TKA
Dominguez-Navarro 2021 =21 23 28 -01 32 26 125% -2.00[-3.50,-050) -
Skoffer 2020 18 23 30 24 28 29 132% -060[1.91,071) |
Subtotal (95% Cl) 58 55 25.7% -1.25[-2.62,0.12] -
Heterogeneity. Tau*= 047, Chi*=1.90,df=1(P=017), F= 47%
Test for overall effect Z=1.79 (P =0.07)
Total (95% Cl) 244 237 100.0% -1.02[-2.10,0.06] -
Heterogeneity: Tau*= 1.84; Chi*= 33.39, df = 8 (P < 0.0001); = 76% 0 1
Test for overall effect. Z= 1.85 (P = 0.06) )
Test for subaroun cifferences: Chi*= 1.46. df= 2 (P = 0.48). = 0% FRRARFIOHANNSeN  FAROUrS|Cobirol

Fig. 7 Aforest plot diagram showing the knee extension

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.1.1 6 week after TKA
An 2021 98 11 18 116 19 18 20.8% -1.80(-2.81,-0.79) —
Cavill 2016 118 68 21 1056 52 20 16% 1.30[2.39, 499
Dominguez-Navarro 2021 131 68 28 137 38 26 25% -0.60[3.51,231) —
Skoffer 2016 83 23 30 10 24 29 149% -1.70[-2.90,-0.50) -
Subtotal (95% CI) 97 93 39.8% -1.56[-2.30,-0.83] &>
Heterogeneity. Chi*= 2.99, df= 3 (P =0.39); F= 0%
Test for overall efiect: Z=4.18 (P < 0.0001)
1.1.2 12 week after TKA
Calatayud 2017 7011 25 87 14 25 440% -1.70(-2.40,-1.00) -
Huher 2015 79 23 22 89 21 23 129% -1.00(-2.29,0.29) T
Skoffer 2016 111 24 30 103 66 29 33% 0.80[1.75 3.39 -
Subtotal (95% Cl) 77 77  60.2% -1.41[-2.01,-0.82] <
Heterogeneity: Chi*= 3.94, df= 2 (P= 0.14); F= 49%
Testfor overall effect: Z= 4.64 (P < 0.00001)
Total (95% CI) 174 170 100.0% -1.47 [-1.94, -1.01] ’
Heterogeneity: Chi*= 7.02, df= 6 (P = 0.32); IF= 15% f ; f f

Test for overall effect: Z=6.24 (P < 0.00001)
Test for subaroun differences: Chi*=0.10. df=1 (P=0.75). F= 0%
Fig. 8 A forest plot diagram showing the time up and go

-4 -2 0 2 4
Favours [experimental] Favours [control]
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Experimental Control
Study or Subgroup  Mean SD Total Mean SD Total Weight

Mean Difference
IV. Random, 95% CI

Mean Difference
IV. Random, 95% CI

3.1.2 12 week after TKA

Heterogeneity. Tau*= 605.63; Chi*= 2.67, df=1 (P=0.10); F=63%
Test for overall effect: Z=0.40 (P = 0.69)

Total (95% CI) 56
Heterogeneity, Tau*= 605.63; Chi*= 2.67, df=1 (P=0.10); F=63%
Test for overall effect: Z= 0.40 (P = 0.69)
Test for subaroun differences: Not annlicable

Fig. 9 A forest plot diagram showing the 6-min walk

Skoffer 2016 449 94 30 433 74 29 438% 16.00[-27.09,59.09 )
Topp 2009 1337 58 26 1,365 56 28 56.2% -28.00[-58.45, 2.45) —&—
Subtotal (95% CI) 56 57 100.0% -8.75[-51.53, 34.03] ——=EiiREee—

57 100.0% -8.75[-51.53,34.03]

-100 -5 0 50 100
Favours [Prehabilitation] Favours [control]

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Experimental Control

Study or Subgrou Mean _SD Total Mean SD Total Weight
5.1.1 6 week after TKA
Dominguez-Navarro 2021 887 79 28 859 7 26 26.4%
Huber 2015 55 135 22 541 151 23 6.0%
Mat Eil-lsmail 2016 88.2 188 24 0888 184 26 3.9%
Skoffer 2016 66.7 16.7 30 64 123 29 75%
Subtotal (95% CI) 104 104 43.8%
Heterogeneity. Chi*= 0.48, df=3 (P=0.92), F=0%
Test for overall effect: Z=1.41 (P=0.16)
5.1.2 12 week after TKA
Huber 2015 57.3 145 22 543 131 23 6.4%
Mat Eil-lsmail 2016 966 15 24 902 144 26 63%
Skoffer 2016 728 164 30 719 114 29 81%
Subtotal (95% CI) 76 78 20.7%
Heterogeneity: Chi*=0.99, df=2 (P=0.61); F=0%
Test for overall effect Z=1.40(P=0.16)
5.1.3 1year after TKA
Dominguez-Navarro 2021 934 74 28 914 99 26 19.0%
Huber 2015 519 115 22 551 131 23 81%
Skoffer 2020 865 131 30 834 145 29 84%
Subtotal (95% CI) 80 78 35.4%
Heterogeneity: Chi*=1.82, df= 2 (P = 0.40); F=0%
Test for overall effect Z= 0.61 (P = 0.54)
Total (95% CI) 260 260 100.0%
Heterogeneity: Chi*= 3.86, df= 9 (P = 0.92); F= 0%
Test for overall effect: Z=1.94 (P = 0.05)
Test for subaroun differences: Chi*=0.58. df=2 (P=0.75). F= 0%

Fig. 10 A forest plot diagram showing the KOOS symptoms

2.80 -1.18, 6.78) T
0.90 [-7.46, 9.26)
-0.60[-10.92, 9.72)
270[4.77,1017]
2.22[-0.87,5.31]

>

3.00 [-5.08, 11.09)
6.40 [-1.76, 14.56) -
0.90 [-6.29, 8.09)
3.21[-1.28,7.70] 4

2.00 [-2.69, 6.69) —t—
-3.20(-10.39, 3.99) ——
3.10[-3.96,10.16) —_1
1.08 [-2.36, 4.51]

2.02[-0.02, 4.06) >

220 -10 0 10 20
Favours [experimental) Favours [control]

conducted at the 6th week and the 12th week after the
surgery, and the results complied with the mentioned
findings. The meta-analysis of the present study showed
that compared with the control, the preoperative reha-
bilitation group has no improvement in knee ROM and
knee extension. Statistical difference was found between
the two groups in the knee flexion. Many factors are
found to affect knee ROM (e.g., implant design, the surgi-
cal technique used, preoperative ROM, knee kinematics,
associated perioperative complications and postopera-
tive rehabilitation compliance), which all impact knee
flexion after TKA [31]. However, a single factor (e.g.,

preoperative rehabilitation) has little impact on postop-
erative knee ROM [11]. Therefore, large sample and high-
quality randomized controlled trial should be carried out
to verify the effect of preoperative rehabilitation on knee
range of motion in the future.

According to the meta-analysis here, the subgroup
analysis was conducted at the 6th week and the 12th week
after TKA, indicating that compared with the control, the
rehabilitation group was preoperatively better in TUG.
Skoffer et al. [21]showed that the TUG was better in the
preoperative rehabilitation group than the control at the
6th week and the 12th week postoperatively. Calatayud



Heterogeneity: Chi*=13.63,df=10(P=0.19); F=27%
Testfor overall effect: Z=1.65 (P=0.10)
Test for subaroun differences: Chi*=0.13. df=2 (P=0.94). F= 0%

Fig. 12 A forest plot diagram showing the KOOS function of daily living
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Cxperimental Control Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
6.1.1 6 week after TKA
Domingu2z-Navarro 2021 791 175 28 773 12 26 6.8% 1.80[6.16,9.76] —
Huber 2015 6.3 196 22 669 168 23 3.8% -560[16.29,5.09) - 1
Mat Eil-lsmail 2016 869 207 24 83 199 26 34% 3.90[7.37,1517] ]
Skoffer 2016 709 167 30 673 13 29 7.4% 3.60[4.0211.22) B
Subtotal (95% Cl) 104 104 21.3% 1.45[-3.04,5.94] e
Heterogeaeity: Chi*= 2.17, df= 3(P = 0.54); F= 0%
Test for overall effect: Z= 0.63 (P=0.53)
6.1.2 12 wieek after TKA
Aytekin 2018 856 152 21 889 1 23 6.9% -3.30[-11.20, 4.60) - =1
Huber 2015 775 176 22 7¢ 158 23 4.5% -2.50[12.29,7.29) —
Mat Cil-lsmail 2016 944 126 24 001 124 26 7.0% 6.20[1.11,12.71)] T
Skoffer 2016 781 163 30 799 142 29 71% -1.80[-9.59,6599 -
Subtotal (95% CI) 97 101  26.3% 0.10[-3.95,4.14] -
Heterogeaeity: Chi*= 3.90, df= 3(P = 0.27); F= 23%
Test for overall effect: Z= 0.05 (P= 0.96)
6.1.3 1 year after TKA
Dominguzz-Mavarro 2021 902 57 20 007 7.0 26 220% 1.50[217,517) -
Huber 2015 63.3 126 22 602 118 23 8.4% 3.10[-4.04,10.24) I
Skoffer 2020 899 132 30 89 101 29 120% 0.90[5.09,6.89) T
Subtotal (95% Cl) 80 78 52.4% 1.62[-1.24,4.48] >
Heterogeaeity: Chi*= 0.22, df= 2 (P = 0.89); F= 0%
Test for overall effect. Z=1.11 (P=0.27)
Total (95% CI) 281 283 100.0% 1.18[ 0.89, 3.26] ?
Heterogeaeity: Chi*= 6.67, df= 10 (P = 0.76); F= 0% e P
Testfor overall effect: Z=1.12 (P=0.26) .
Testfor sabaroun differences: Chi*= 0.38. df= 2 (P = 0.83). = 0% FRIAHORIMRY] Ui
Fig. 11 A forest plot diagram showing the KOOS pain
Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI IV, Fixed, 95% CI
7.1.1 6 week after TKA
Dominguez-Navarro 2021 733 164 28 757 91 26 7.5% -2.40[-9.41,4.61) — =1
Huber 2015 683 178 22 685 191 23 3.2% -0.20[-10.98,10.58)
Mat Eil-lsmail 2016 816 218 24 745 21 26 26% 7.10[-4.78,18.98] I
Skoffer 2016 761 138 30 706 114 29 89% 550[-095 11.95) T
Subtotal (95% CI) 104 104 221%  2.20[-1.88,6.28] -
Heterogeneity: Chi*=3.50,df=3(P=0.32),F=14%
Test for overall effect: Z=1.05 (P = 0.29)
7.1.2 12 week after TKA
Aytekin 2018 839 16.6 21 904 105 23 54% -6.50[-14.80,1.80] - T
Huber 2015 757 157 22 788 1741 23 40% -310[-12.69,6.49) —
Mat Eil-lsmail 2016 895 157 24 806 151 26 5.0% 8.90(0.35,17.45)
Skoffer 2016 829 117 30 782 129 29 93% 4.70[159,1099 =]
Subtotal (95% CI) 97 101 23.7%  1.74[-2.20,5.69] -
Heterogeneity: Chi*=8.31, df=3 (P=0.04); F=64%
Test for overall effect: Z= 0.87 (P = 0.39)
7.1.3 1year after TKA
Dominguez-Navarro 2021 881 6.8 28 878 46 26 38.9% 0.30(-2.78,3.39] ——
Huber 2015 56.7 143 22 514 138 23 55% 5302921352 =t
Skoffer 2020 876 123 30 844 118 29 97% 3.20-2.95,9.35) I -
Subtotal (95% CI) 80 78 54.1% 1.33[-1.28, 3.94] <>
Heterogeneity. Chi*= 168, df=2 (P=0.43), F=0%
Test for overall effect: Z=1.00 (P=0.32)
Total (95% Cl) 281 283 100.0% 1.62[-0.30, 3.54) P

20 -10 0 10 20
Favours [experimental] Favours [control]
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Prehabilitation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
6.4.1 6 week after TKA
Dominguez-Navarro 2020 56 8.1 30 554 179 29 157% 060[653, 773 ——
Mat Eil-lsmail 2016 555 20 24 518 188 26 6.9% 3.70[-708,14.48)
Skoffer 2016 56.3 206 30 50 13.3 29 103% 6.30[252,1512) ST
Subtotal (95% Cl) 84 84 329% 3.03[-1.90,7.96] e
Heterogeneity: Chi*= 099, df= 2 (P=0.61); F=0%
Test for overall effect: Z=1.20 (P = 0.23)
6.4.2 12 week after TKA
Aytekin 2018 75 224 21 807 19 23 53% -570[-18.03,6.63)
Mat Eil-lsmail 2016 641 246 24 576 237 26 44% 650[-691,1991)
Skoffer 2016 66.2 18.9 30 619 166 29 97% 4.30[-477,13.37) S
Subtotal (95% Cl) 75 78 19.4%  2.10[-4.32,8.51] e
Heterogeneity. Chi*= 218, df= 2 (P = 0.34), "= 8%
Test for overall effect: Z= 0.64 (P =0.52)
6.4.3 one year after TKA
Dominguez-Navarro 2020 714 89 30 676 9.2 29 374% 3.80[082842 T
Skoffer 2020 786 191 30 734 152 29 103% 5.20[-359,13.99) i S
Subtotal (95% Cl) 60 58 47.7%  4.10[0.01,8.19] i
Heterogeneity: Chi#*=0.08, d'=1 (P=0.78), F=0%
Test for overall effect: Z=1.97 (P = 0.05)
Total (95% CI) 219 220 100.0% 3.36 [0.53, 6.19] ‘
;iel?;ogeneity':[ c:r*: ;532 g;:( ; (P0=002.)33); F= 0% 20 - 150 n 1=0 2=0
estfor overall effect: Z= 2. =0.
Testfor subaroun differences: Chi*= 029, df= 2 (P = 0.86) = 0% Eodrapranduligstion], Favour:isaneol
Fig. 13 A forest plot diagram showing the KOOS knee-related quality of life

Prehabilitation Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
6.5.1 6 week after TKA
Mat Eil-lsmail 2016 40 184 24 321 177 26 249% 7902121792 T =
Skoffer 2016 364 243 30 189 192 29 201% 17.50(6.34, 28.66) A ——
Subtotal (95% CI) 54 55 45.1% 12.19[4.73, 19.64] -
Heterogeneity. Chi*=1.57,df=1 (P=0.21), F= 36%
Test for overall effect: Z= 3.20 (P = 0.001)
6.5.2 12 week after TKA
Aytekin 2018 541 235 21 598 149 23 182% -5.70[17.45,6.05) —_— 1
Mat Eil-lsmail 2016 427 196 24 348 188 26 220% 7.90(-2.76,18.56) -T-
Skoffer 2016 502 284 30 40 225 29 14.7% 10.20(-2.85,23.25) -
Subtotal (95% CI) 75 78 54.9% 4.02[-2.74,10.78] -
Heterogeneity. Chi*= 4.00, df=2 (P=0.14), F=50%
Test for overall effect Z=1.17 (P=0.24)
Total (95% CI) 129 133 100.0% 7.70[2.70, 12.71] -
Heterogeneity: Chi*= 8.10, df= 4 (P = 0.09); F=51% e T R )
Test for overall effect: Z=3.02 (P=0.003) "
Testfor subaroun differences: Chi*= 2.53. df= 1 (P = 0.11). = 60.5% Fravours [Rrehatecation] (Fawors:gcontol

Fig. 14 A forest plot diagram showing the KOOS function in sport and recreation

et al. [8] also demonstrated that the 8-week preopera-
tive high-intensity strength training improved TUG after
TKA. The ability to walk refers to a basic ability in daily
life, as well as a predictor of mobility and functional abil-
ity. The mentioned result further supports the conclusion
that the Timed Up and Go test complied with the theory
of preoperative rehabilitation [28]. The 6-min walk test
measured the maximum walking distance covered in

6 min. As indicated from the result of the meta-analysis
here, the preoperative rehabilitation group had consist-
ent results on the 6-min walk compared with the con-
trol. Topp et al. [28] and Skoffer et al. [21] reported that
no significant difference in 6-min walk was reported
between the preoperative rehabilitation group and the
control for patients following TKA. This result may be
attributed to the strength of the quadriceps, indicating
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Experimental Control Mean Difference Mean Difference

Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
11.1.1 6 week after TKA
An 2021 35 13 18 71 286 18 147% -360[-4.94,-226) =
Calatayud 2017 4 14 25 51 1.4 25 171% -1.10[-1.88,-0.32) ooy
Gstoettner 2011 1.3 11 18 09 09 20 17.6% 0.40[-0.24,1.04) i
McKay 2012 56 27 10 49 45 12 78% 0.70[-2.35,3.75) N
Walls 2010 79 59 9 54 3 5 44% 250[217,717) ]
Subtotal (95% CI) 80 80 61.6% -0.72[-2.37,0.93] >
Heterogeneity: Tau*= 2.53, Chi*=32.41, df= 4 (P < 0.00001), F=88%
Test for overall effect: Z=0.85 (P =0.39)
11.1.2 12 week after TKA
BEAUPRE 2004 74 18 65 73 14 64 17.8% 0.10[-0.46, 0.66) G
McKay 2012 44 32 10 36 44 12 74% 0.80[-2.38, 3.98) N
Tungtrongjit 2012 54 44 30 106 64 30 87% -520[-798,-242)
Walls 2010 54 4 9 52 43 5 45% 0.20[-4.39,4.79) e
Subtotal (95% Cl) 114 111 384% -1.06[-3.74, 1.62] i
Heterogeneity: Tau®= 5.36; Chi*=13.75, df= 3 (P = 0.003); F=78%
Test for overall effect Z=0.78 (P = 0.44)
Total (95% CI) 194 191 100.0% -0.85[-1.97,0.27] <
Heterogeneity: Tau® = 1.75; Chi*= 47.97, df= 8 (P < 0.00001); F= 83% =0 t 5 : o

Test for overall effect Z=1.48 (P=0.14)
Test for subaroup differences: Chi*=0.05. df=1 (P=083). F=0%
Fig. 15 A forest plot diagram showing the WOMAC pain

Favours [experimental] Favours [control]
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that the stronger the quadriceps, the longer the 6-min
walk will be [28].

For the outcome of self-reported physical function,
compared with patients allocated to the control group,
no significant improvement was observed except for
the KOOS (sport and knee-associated quality of life
subscale) on TKA patients who received preoperative
rehabilitation. Skoffer et al. [21] reported that no dif-
ferences were identified between the groups in KOOS,

except for the KOOS sport subscale in favor of the pre-
operative rehabilitation group. According to Mat et al.
[11] a noticeable distinction was reported in symp-
toms and ADL function, but no significant difference
was found for other KOOS subscales. Aytekin et al.
[15] also declared no significant differences within
both groups in KOOS. Calatayud et al. [8] reported
that no improvement for WOMAC function score was
found in preoperative rehabilitation group. Likewise,
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Test for overall effect Z=1.46 (P=0.14)
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Fig. 17 A forest plot diagram showing the WOMAC function
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Rooks et al. [32] also demonstrated that no signifi-
cant difference in WOMAC function score between
the preoperative rehabilitation group and the con-
trol group following TKA. All the included articles
indicated that both groups of patients had significant
improvement in patient-reported functional outcomes
after TKA, not unrelated to whether they underwent
preoperative rehabilitation or not. We found that the
different programs, intensity and duration of preop-
erative rehabilitation in across enrolled studies might
result in the heterogeneity of our outcomes. An et al.
[19] declared that preoperative telerehabilitation could
improve WOMAC functional results after TKA. There-
fore, the effect of preoperative rehabilitation on postop-
erative function of TKA patients remains uncertain. In
addition, Paravlic et al. [33] reported that home-based
motor imagery intervention can improve functional
performance after total knee replacement in the short
term without increasing patients’ pain. Motor imagery
refers to the mental representation of body movements
without obvious body movements, which can effectively

improve the performance of sports [34]. A systematic
review shows that motion imagery is effective in the
treatment of strength enhancement, pain reduction,
and improved physical activity in patients undergoing
TKA [35]. The intervention time of preoperative reha-
bilitation is generally 4—8 weeks. Therefore, whether
the preoperative rehabilitation combined with motor
imagery has a positive effect on the knee function of
TKA patients is worth further exploring. Furthermore,
our meta-analysis showed that preoperative rehabilita-
tion could significantly shorten the length of hospital
stay, which was in congruity with the results of another
meta-analysis by Chen [36]. We know that the length of
hospital stay is affected by numerous factors (e.g., the
time of postoperative suture removal), so it cannot act
as one of the effective indicators to assess the rehabilita-
tion effect.

The systematic review and here meta-analysis of
the present study are subject to several limitations. (1)
The number of literatures in the subgroup analysis was
small in the meta-analysis here, and the sample size of
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the respective study was small, thereby reducing the
statistical ability of our meta-analysis. (2) Only English
and Chinese publications were included in our meta-
analysis. Accordingly, publication bias is inevitable. (3)
Outcomes (e.g., complications, muscle strength and
knee society score were not analyzed as impacted by the
lack of data. (4) The preoperative rehabilitation protocol
varied with the studies. Different preoperative rehabili-
tation protocol may cause higher statistical heteroge-
neity on postoperative functional outcomes (e.g., knee
extension).

Conclusion

Preoperative rehabilitation could effectively shorten
the length of hospital stay. Our meta-analysis showed
that preoperative rehabilitation had the similar effect
on postoperative functional recovery following TKA
compared with the control group. In short, high-qual-
ity randomized controlled trials (RCTs) are needed to
determine the efficacy of preoperative rehabilitation on
postoperative recovery following TKA.
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