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Abstract

Joint degeneration characterized by cartilage deterioration and bone wear is the hallmark of osteoarthritis
(OA), a condition that worsens over time. Total knee arthroplasty (TKA) is the most common effective
treatment for OA. Conventional therapy training (CTT) is the standard intervention; we are testing whether
intensive therapy training (ITT) provides different results when used preoperatively. Our study compared
intensive and standard preoperative physical therapy in randomized and non-randomized controlled trials,
excluding various other study types. Two independent researchers assessed the risk of bias using appropriate
tools (RoB 2 for RCTs (Cochrane Methods, London, UK) and ROBINS-I for non-randomized studies
(Cochrane Methods, London, UK)). The analysis, conducted using ReviewManager 5.4 (Cochrane

Methods, London, UK), presented results as mean differences (MD) with 95% ClIs, employing fixed or
random-effects models based on heterogeneity assessments.

With a total number of 490 participants, ITT showed significant improvements in the six or 10-minute walk
test (MD =45.07m, P < 0.000001), quadriceps strength (MD = 0.07 Kg, P < 0.0001), range of motion (ROM)
flexion (MD = 4.29, P = 0.03), isometric knee flexion (MD =2.32, P=0.04), SF-36 physical component (MD =
1.19, P <,0.0001), stair test (MD = -2.01, P = 0.01), timed up and go test (MD = -1.12, P = 0.02), and Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score (MD = -8.43, P = 0.002). Conversely,
CTT showed better results in isometric knee extension (MD = 3.45, P = 0.02).

No significant differences were found in ROM extension or visual analog score (VAS) pain scores.
Preoperative ITT demonstrates overall superior outcomes compared to CTT for total knee arthroplasty
patients. ITT significantly improved various functional and patient-reported outcomes, including walking
capacity, quadriceps strength, range of motion, and quality of life measures. However, CTT showed
superiority in isometric knee extension. We recommend implementing preoperative ITT protocols for TKA
patients while acknowledging the need for further research to optimize exercise specifics, frequency, and
duration for optimal results.

Categories: Trauma, Orthopedics, Sports Medicine
Keywords: meta-analysis, osteoarthritis, pre-operative, systematic review, therapy training, total knee arthroplasty

Introduction And Background

Joint degeneration characterized by cartilage deterioration and bone wear is the hallmark of osteoarthritis
(OA), a condition that worsens over time [1]. This debilitating disorder often manifests as persistent
discomfort, potentially leading to impaired mobility and function. The impact of OA extends beyond the
physical changes in joint structures, as the chronic pain associated with this condition can significantly
compromise an individual's ability to perform daily activities [2].

Epidemiological data indicate that the Americas bear the highest overall OA burden globally, while Asia
demonstrates a disproportionately high prevalence of knee-specific OA. To mitigate this substantial health
challenge [3], it is needed to implement comprehensive prevention strategies and targeted interventions
aimed at addressing modifiable risk factors associated with OA in order to reduce the increase in cases
annually [4]. One of the main reasons for the increase in the number of patients suffering from OA is the
increase in the number of aged populations with other risk factors, such as obesity and not performing
physical activities [5].

Total knee arthroplasty (TKA), typically performed in advanced osteoarthritis cases, offers modest
improvements in proprioception with higher safety than other interventions [6,7]. However, some sensory
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deficits may persist post-surgery [8]. Additionally, patients often experience significant quadriceps weakness
on the operated side, with strength potentially reduced by up to 30% compared to the unaffected limb [9].
These strength and balance impairments can lead to various functional issues, including uneven weight
distribution between legs, compromised balance, modified movement patterns, and overall reduced physical
functionality [9,10]. TKA can be performed using cemented, cementless, or hybrid fixation methods.
Previous meta-analyses have indicated no significant differences in clinical outcomes among these fixation
techniques, with the availability of these techniques being performed in a conventional way or robotic-
assisted [5,11].

Most of the studies use low-intensity training as a therapeutic procedure, although recent research indicates
that higher-intensity training protocols may yield superior outcomes for knee rehabilitation [12]. These
more vigorous exercise regimens are associated with improved functional strengthening of the knee and
enhanced overall knee function [13]. Importantly, these intensive training approaches have been found to
maintain safety standards, suggesting they can be effectively implemented without increasing risk to
patients [14]. This study's objective is to evaluate and contrast the safety and efficacy of intensive therapy
training (ITT) versus conventional therapy training (CTT) programs implemented preoperatively for TKA
patients. We seek to provide clear guidance for clinical professionals on optimizing preoperative physical
therapy to enhance recovery, improve functional outcomes, and ensure patient safety.

Review
Methods

We performed our meta-analysis according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist and the guidelines that were mentioned in the Cochrane Handbook for
Systematic Reviews and Meta-Analysis [15,16].

Searching Databases and Keywords

We did our search through five databases (PubMed, Cochrane Library, Web of Science, Scopus, and Embase),
and it was completed in July 2024. The terms that we used were: (("heavy" OR "progressive” OR "maximal"
OR "explosive" OR "resistance” OR "high-intensity" OR "intensified" OR "strengthening" OR "weight lifting"
OR "weight bearing” OR "concentric” OR "eccentric" OR "endurance” OR "elastic tube" OR "pulleys") AND
("arthroplasty” OR "replacement” OR "surgery” OR "operation") AND (knee) AND ("training” OR "exercise"
OR "rehabilitation”) AND ("randomized" OR "randomly" OR "randomised" OR "random")).

Eligibility Criteria and Study Selection

The PICOS (Population, Intervention, Comparison, Outcome, and Study Design) framework was used to
guide the development of search terms, strategy, and inclusion criteria for the study [17]. The framework
components were defined as follows: the population included individuals who recently underwent knee
arthroplasty and performed preoperative exercise; the intervention was pre-operative intensive physical
therapy; the comparison was standard pre-operative physical therapy; the outcomes included clinical
measures and questionnaire results; and the study designs considered were randomized and non-
randomized controlled trials. Only English articles with full texts were included

The study excluded observational research (including cohort studies, case series, and case reports), literature
reviews, animal studies, qualitative investigations, and single-arm trials.

Quality Assessment

To maintain data integrity, two independent researchers extracted information from the selected trials. In
cases of disagreement, additional authors provided oversight and facilitated consensus. We used two
different tools according to the study type: for randomized controlled trials (RCTs), the Cochrane Risk of
Bias (RoB) 2 (Cochrane Methods, London, UK) tool was utilized, evaluating five critical domains [18]. Non-
randomized studies were assessed using the Risk of Bias in Non-randomized Studies of Interventions
(ROBINS-I) tool (Cochrane Methods, London, UK) [19].

Data Extraction

Data extraction was performed independently by two authors using Excel spreadsheets (Microsoft
Corporation, Redmond, USA), encompassing three main categories of information. The first category,
summary data, included study timing and locations, design, protocol number, total patient count, ITT and
CTT details, follow-up duration, and primary outcome. The second category covered baseline patient
characteristics such as study groups, age, gender, BMI, height, and knee arthroplasty laterality and location.
The third category focused on clinical outcomes, further divided into physical measures (including 6 or 10-
minute walk test, quadriceps strength, range of motion for extension and flexion, isometric knee extension
and flexion stair test, and Timed Up and Go test) and questionnaires (comprising the Western Ontario and
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McMaster Universities Osteoarthritis Index (WOMAC) and Visual Analog Scale (VAS) [20].
Data Analysis

The analytical component of the study utilized Review Manager version 5.4 software (Cochrane Methods,
London, UK). For continuous outcomes, results were presented as mean differences (MD) with 95%
confidence intervals [10]. Statistical significance was established at a p-value threshold of 0.05.
Heterogeneity assessment employed x2 and I-square (I12) tests, with heterogeneity considered present when
the x2 p-value was below 0.1 or the 12 value exceeded 50%. In cases where heterogeneity was detected, a
random-effects model was applied; otherwise, a fixed-effects model was used. When heterogeneity persisted
despite the use of a random-effects model, a leave-one-out sensitivity analysis was conducted.

Results

Literature Search and Study Selection

After applying our search strategy, we found a total of 917 articles, and after the removal of the duplicates, a
total of 605 studies proceeded for the title and abstract screening. We performed a title and abstract
screening that led to the elimination of 561 articles. Finally, after full-text screening, a total of seven studies
[20-26] were included. The full, detailed PRISMA flowchart (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) is shown in Figure 1. Details of excluded studies after full-text screening are in

the Appendices.
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FIGURE 1: PRISMA flow chart.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Study Characteristics

Seven studies were included, with a total of 490 participants. The locations of the studies were Japan, China,
Switzerland, and Greece. Various rehabilitation programs were used, whether for intensive therapy or the
conventional ways. There are some differences regarding the type of exercise, duration, and number of
sessions. The follow-up duration ranged from three months to 13 months. Full details about the summary
characteristics are shown in Table 1. The majority of the included participants were females and elderly
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Study time
Study

and sites
Calatayud et al.,

2014
2017 [21]
Dominguez-Navarro

2017-2019
etal., 2020 [22]
Gréanicher et al., Switzerland,
2020 [23] 2016-2017
Hashizaki et al., Japan, 2018
2023 [24] - 2020

China,2019-
Jiao et al.,2024 [25]
Sunetal., China,2020—
2023 [26] 2021

Study

design

RCT

RCT

RCT

Non-RCT

RCT

RCT

people more than 60 years of age. The BMI of the included population ranged from 29 to 35. The majority of

the patients had unilateral knee arthroplasty. Full details about the baseline characteristics are shown in

Table 2

Protocol number

NR

NCT02995668

NCT03160534

UMIN 000032568

NR

ChiCTR2000032857
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Total

Number

of

Patients

50

82

20

49

91

100

Intensive therapy details

Type; preoperative physical therapy. Duration; 8 weeks
Number of sessions: 24 Exercise types: warm-up,
strengthening exercise based on five sets of 10 repetitions of

each exercise, balancing exercises.

Type: Preoperative rehabilitation program Duration: 4 weeks
Number of sessions: 12 sessions Exercise types: 1.
Strengthening exercises. 2. Colson chair for quadriceps
strengthening. 3. Isotonic activation of hamstrings. 4. Colson
chair for hamstring strengthening. 5. Lateral Abduction. 6.

Adduction. 7. Stretching.

Type: Preoperative rehabilitation program Duration: 3 to 4
weeks Number of sessions: 5 to 9 Exercise types:
Endurance training for 10-45 minutes on a bicycle ergometer,
pedal trainer, treadmill, or cross-trainer - PNF techniques for
quadriceps and hamstring muscles - Individual interventions:
Strengthening exercises targeting muscles of the lower
extremities and sensori-motor training consisting of balance
exercises on one leg, sessions on how to walk with crouches,
and training of physiological movement patterns in activities

of daily living (ADLs).

Type; preoperative physical therapy. Duration; 3 weeks.
Number of sessions: 90 minutes. Exercise types: warm-up
exercises, strengthening exercises. based on five sets /10
repetitions, balancing exercises, single leg stance hand and

leg exercises,

Type: preoperative rehabilitation program Duration:
preoperative, day of surgery, from 1 to 5th day after surgery.
Exercise types: knee bend training, straight leg raising,
strengthening training day of surgery; massage of limb, ankle
flexion-extension, strength training, straight leg raising, knee

bend.

Type: preoperative physical therapy Duration: 4 weeks
Number of sessions: 20 sessions Exercise types: warm-up,

strengthening exercises.

Follow-
Conventional up
therapy details duration
(Months)
No details 3
Participants in the
control group did not
participate in any
13
experimental
preoperative
intervention.
No details. 3
Some preoperative
exercise instructions
(quadriceps 3

strength, landing

exercises).

Type; post-operative
rehabilitation

program (no

preoperative

rehabilitation

program) Time: from 12
1st day after surgery
Duration: 5 days

Exercise types:
post-operative low-

intensity exercises.

Home preoperative
online video training
& supervision model

for 4 weeks.

Primary

outcome

1- Western
Ontario and
McMaster
Universities
Osteoarthritis
Index. 2-
Short Form-
36 Health
Survey 3-
Visual

Analog Scale

1 The Berg
Balance
Scale. 2
function in
daily living
subscale of
the Knee
Injury and
Osteoarthritis
Outcome

Score.

The Stair
Climbing

Test.

The 6-min
walking

distance

The
American
Hospital for
Special
Surgery

Knee Score

Knee Society

score.
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1. Knee
" Injury and
Type; postoperative
o Osteoarthritis
rehabilitation
Outcome
program only;
o Quasi- . . . . Score 2-
Vasileiadis et al., Greece, Preoperative physical therapy and postoperative rehabilitation ~ DURATION: 4
experimental  NR 98 3] Western
2022 [20] 2014 -2017 ) program weeks Number of
trial . Ontario and
sessions: 5 sessions
McMaster
Exercise types: as
. . Universities
the intervention
Osteoarthritis
Index.
TABLE 1: Summary characteristics of the included studies.
ADLs: Activities of daily living, NR: Not Reported, PNF: proprioceptive neuromuscular facilitation
Age, BMI, Knee Arthroplasty Knee Arthroplasty
- Sex (male), - Height,
Sty StiayCiote ean No.(%) ean Meansp Uniateral,  Bilateral,  Left,  Right,
+ +
£ = No. (%) No.(%)  No.%) No.(%)
i i i ini 0, 0,
Catalayud et al., High-intensity training (25) 66.8+4.8 NR 32+4.2 1.6£0.1 25 (100%) 0 (0%) NR NR
2017 [21]
Control group (25) 66.7+3.1 NR 31+3.8 1.6£0.1 25(100%) 0 (0%) NR NR
ST Intensive therapy (24) 70.8+5.4 10 (41.7%) 29 1.6£0.04 NR NR NR NR
Dominguez-Navarro et ST and balance Intensive
70.4+6.4 7 (35%) 29.7 1.6+0.05 NR NR NR NR
al., 2020 [22] therapy (20)
Conventional therapy (21) 70.2+5.6 7 (33.3%) 29.7 1.6 £0.06 NR NR NR NR
1 0/ 0, 0,
Granicher et al., Intensive therapy (10) 66.6 £7.52 7 (70%) 29.7 1.7 £0.11 10 (100%) 0 (0%) NR NR
2020 [23] c . o o o
onventional therapy (10) 68.1+7.68 5 (50%) 28.5 1.6£0.06 10 (100%)  0(0%) NR NR
Post-operative rehabilitation
s 73.7+4.7 9 (64.2%) 25.1+3.2 1.55+10.3 11(78.5%) 3(21.4%) NR NR
Hashizaki et al., group (14)
2023 [24]
Control group (19) 77.7+6.9 16.(84,2%) 22.8+6.3 1.53+7.7 4 (78.9%) 4 (21%) NR NR
High-intensity progressive
o 75+4.43 7.(17.9%) 30+3.3 NR 39 (100%)  0(0%) NR NR
Jiao et al., 2023 [25] rehabilitation (39)
Routine rehabilitation (39) 76+4.43 4.(10.3%) 30+3.3 NR 39 (100%)  0(0%) NR NR
High-intensity strength training 17 15
66.4+8.3 9.(28.1%) 22.6+3.3 NR 32(100%)  0(0%)
(32) (53.1%) (46.8%)
Sun et al., 2023 [26]
16 19
Control group (32) 68.5+7.9 12.(34.2%) 23.6+2.5 NR 32(100%)  0(0%)
(45.7%) (54.2%)
High-Intensity Preoperative
- 68.7+5.2 20.(45.4%) 31+4.1 NR 44 (100%)  0(0%) NR NR
Vsileidis et al., Physiotherapy (44)
2022 [20]
Control group (44) 68.9+5.4 18.(40.9%) 30+3.9 NR 44 (100%)  0(0%) NR NR

TABLE 2: Baseline characteristics of the included studies.

NR: not reported, ST: strengthening

Quality of the Included Studies

The risk of bias assessment using the RoB 2 tool revealed varying levels of potential bias across the included
studies. No studies demonstrated a high risk of bias. However, three studies [21,22,26] were associated with
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some concerns due to randomization domain or others as deviation from the intended intervention or
missing outcome domain. The remaining two RCTs [23,25] were associated with a low risk of bias. A
comprehensive visual representation of these assessments is provided in Figure 2. On the other hand,
regarding the ROBINS-I, one study showed a low risk of bias, and the other showed a serious risk due to bias
in the measurement of the outcomes domain (Figure 53).

Risk of bias domains

® O ® O
© @ ® O
® @ ® @
® @ ® @

©

Domains: Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

FIGURE 2: Risk of bias graph summary for RCTs made by the RoB 2
tool.

Catalayud et al., 2017 [21], Dominguez-Navarro et al., 2020 [22], Granicher et al., 2020 [23], Jiao et al., 2024 [25],
and Sun et al., 2023 [26].

Risk of bias domains

Study

Domains: Judgement
D1: Bias due to confounding. .
D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

FIGURE 3: Risk of bias graph summary for non-RCTs made by the
ROBINS-I tool

Vasileiadis et al., 2022 [20], Hashizaki et al., 2023 [24]

Outcomes

Physical Measurements

Six- or 10-minute walk test (meters): In the follow-up of one to two months, two studies were included, and
the result showed a significant increase in the distance that patients were able to walk in the ITT when
compared to CTT with results of (MD = 47.71, 95% CI)(27.49 to 67.92], p-value < 0.00001). Moreover, in the
follow-up period of three to six months, there were significant differences between the two comparators
(MD = 42.62, 95% CI (23.15 to 62.10), p-value < 0.0001). The overall results demonstrated a significant
difference favoring ITT, and pooled results were (MD = 45.07, 95% CI (31.04 to 59.1), P-value < 0.000001).
The overall results of the study were homogenous as p-value = 0.34 and 12 =11% (Figure 4).
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Intensive Therapy
Study or Subgroup Mean SD  Total
1.10.1 1-2 month
Calatayud 2017 -8.8 110.04 18
Jiao 2024 353 5288 39
Subtotal (95% CI) 57

Conventional Therapy
Mean SD__ Total

Heterogeneity: Chi*= 2.08, df=1 (P = 0.15), F= 52%

Testfor overall effect: Z= 4.63 (P < 0.00001)

1.10.2 3-6 month

Calatayud 2017 4574 10578 18
Jiao 2024 1431 5099 39
Subtotal (95% CI) 57

Heterogeneity: Chi*=1.16, df=1 (P = 0.28), F=14%

Test for overall effect: Z= 4.29 (P < 0.0001)

Total (95% Cl) 114

-1 1417 22
-16.4 4064 39
61

43 136.41 22
97.6  39.09 39
61

122

Heterogeneity: Chi*= 3.37, df= 3 (P=0.34); F=11%

Test for overall effect: Z= 6.30 (P < 0.00001)

Testfor subaroun differences: Chi*= 013, df=1 (P=0.72). F=0%

Mean Difference

Weight IV, Fixed, 95% CI

4

Mean Difference
WV, Fixed, 95% CI

32% -7.80[-85.84,70.24)
4.9% 51.70 (30.77, 72.63)

48.1% 47.71[27.49,67.92]

4

35% 2.74[72.34,77.82)
8.4% 4550 (25.34, 65.66]

51.9% 42.62[23.15,62.10]

100.0% 45.07 [31.04,59.10]

—_——

e

N —
e
-

-100 -50 50 1
Favours [Conventional Therapy] Favours [Intensive Therapy]

FIGURE 4: Forest plot of six or 10-minute walk test.

Catalayud et al., 2017 [21], Jiao et al., 2024 [25]

Isometric knee extension (Kg): In the follow-up period ranging from one to two months, there was no
significant difference in the isometric knee extension (MD = 1.06, 95% CI (-2.09 to 4.20), P-value = 0.51).

Additionally, the follow-up period ranging from three to six months showed a significance favoring CTT over

ITT (MD = 7.83,95% CI (4.11 to 11.55), p-value < 0.0001). Regarding the long-term follow-up (12 months),
only one study was included, with no significant difference between the comparators. The overall results
favored the CTT over ITT (MD = 3.45, 95% CI (0.49 to 6.41), p-value = 0.02) (Figure 5).

Intensive Therapy

Conventional Therapy

Study or Subgroup Mean SD_Total Mean SD__ Total
1.12.11-2 month

Calatayud 2017 -146 8.83 22 -158 1021 22
Dominguez-Navarro 2021 17 63 20 07 58 21
Subtotal (95% CI) 42 43
Heterogeneity: Tau?= 0.00; Chi*= 0.00, df=1 (P = 0.96); F= 0%

Test for overall effect: Z= 0.66 (P = 0.51)

1.12.2 3-6 month

Calatayud 2017 -0.7 989 22 -92 101 22
Sun 2023 2 899 32 -54 1083 35
Subtotal (95% CI) 54 57
Heterageneity: Tau?= 0.00; Chi*= 0.08, df=1 (P = 0.78); F= 0%

Testfor overall effect: Z= 4.12 (P < 0.0001)

1.12.3 12 month

Sun 2023 52 54 32 38 5.47 35
Subtotal (95% Cl) 32 35
Heterogeneity: Not applicable

Test for overall effect: Z=1.05 (P = 0.29)

Total (95% CI) 128 135

Heterogeneity: Tau?= 6.23; Chi*= 8.39, df = 4 (P = 0.05); F= 57%

Test for overall effect Z=2.29 (P=0.02)

Test for subaroup differences: Chi*= 9.30, df= 2 (P = 0.010). F= 78.5%

Mean Difference
Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

148%  1.20(4.74,7.14)
232%  1.00F2.71,4.71)
380%  1.06[-2.00,4.20]

148%  8.50(256,14.44)
187%  7.40(262,12.18)
335%  7.83[4.11,11.55]

285%  1.40[1.20,4.00]
285%  1.40[-1.20,4.00]

100.0%  3.45[0.49,6.41]

-

-

-10 10 20
Favours [Intensive Therapy] Favours [Conventional Therapy]

FIGURE 5: Forest plot of isometric knee extension.

Catalayud et al., 2017 [21], Dominguez-Navarro et al., 2020 [22], Sun et al., 2023 [26].

Isometric knee flexion (Kg): In the follow-up period ranging from one to two months, there was no
significant difference in the isometric knee flexion. Additionally, the follow-up period ranging from three to
six months showed no significant difference between CTT and ITT (MD = 2.97, 95% CI (-0.21 to 6.16), p-
value =0.07). Regarding the long-term follow-up (12 months), only one study was included with no
significant difference between the comparators. The overall results favored the ITT significantly over CTT
(MD = 2.32, 95% CI (0.07 to 4.56), p-value = 0.04). The results were heterogeneous (p-value< 0.00001) and

12=90% ( Figure 6).
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Intensive Therapy Conventional Therapy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.11.11-2 month
Calatayud 2017 -05 1.4 22 -5.2 1.83 22 259% 4.70(3.73,5.67] -
Dominguez-Navarro 2021 -57 1397 20 -25 1389 2 55% -3.20[-11.73,6.33]
Subtotal (95% CI) 42 43 31.5% 1.93[-5.45,9.32]

Heterogeneity: Tau®= 21.61; Chi*= 3.25, df=1 (P = 0.07), F= 69%
Test for overall effect: Z= 0.51 (P = 0.61)

1.11.2 3-6 month

Calatayud 2017 02 632 22 -47 191 22 193%  4.90(214,7.66] ——
Sun 2023 22 189 32 06 137 35 263%  160(080,240] -
Subtotal (95% CI) 54 57 456%  2.97[-0.21,6.16] e

Heterogeneity: Tau*= 4.37; Chi*= 6.07, df=1 (P = 0.02); = 80%
Test for overall effect: Z=1.83 (P = 0.07)

1.11.3 12 month

Sun 2023 6.4 417 32 6.8 357 35 228% -0.40(-2.27,1.47] -
Subtotal (95% CI) 32 35 229% -0.40[-2.27,147] >
Heterogeneity: Not applicable

Test for overall effect: Z= 0.42 (P = 0.67)

Total (95% CI) 128 135 100.0% 2.32[0.07, 4.56] -
Heterogeneity: Tau?= 4.82; Chi*= 38.59, df = 4 (P < 0.00001); F= 90% + +
Test for overall effect: Z= 2.02 (P = 0.04)

Test for subaroup differences: Chi*= 3.35, df= 2 (P=0.19), F= 40.3%
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FIGURE 6: Forest plot of isometric knee flexion.

Catalayud et al., 2017 [21], Dominguez-Navarro et al., 2020 [22], Sun et al., 2023 [26].

Quadriceps strength (Kg): In the follow-up period ranging from one to two months, there was a significant
difference between ITT and CTT regarding the strength (MD = 0.06, 95% CI (0.02 to 0.10), P-value = 0.0003).
The follow-up period ranging from three to six months showed another significant difference favoring ITT
(MD = 0.08, 95% CI (0.02 to 0.13), p-value =0.005). The overall results favored the ITT over CTT (MD = 0.07,
95% CI (0.07 to 0.10), p-value <0.0001). The results were heterogeneous (p-value< 0.00001) and 12=90%

(Figure 7).
Intensive Therapy Conventional Therapy Mean Difference Mean Difference
Studyor Subgroup  Mean  SD  Total Mean SD  Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.11-2 month
Hashizaki 2023 -0.48 038 18 -037 029 22 23% -0.11[-032,010] |
Vasileiadis 2022 -011 011 44 -018 0.03 44 599% 0.07(0.03,0.11] ——
Subtotal (95% CI) 62 66 62.2% 0.06[0.02,0.10] <>

Heterogeneity: Chi*= 2.63, df=1 (P=0.10); F= 62%
Test for overall effect: Z= 3.01 (P = 0.003)

1.4.2 3-6 month

Hashizaki 2023 -0.06 039 18 -0.05 033 22 21% -0.01[0.24,022) —
Vasileiadis 2022 007 013 44 -001 013 44 358% 0.08(0.03,013] —
Subtotal (95% CI) 62 66 37.8% 0.08[0.0: R
Heterogeneity: Chi*= 0.57, df=1 (P = 0.45), F= 0%

Test for overall effect: Z= 2.79 (P = 0.005)

Total (95% Cl) 124 132 100.0% 0.07 [0.04,0.10] R 2

Heterogeneity: Chi*= 3.32, df= 3 (P=0.34); F=10% + — + +
Test for overall effect: Z= 4.09 (P < 0.0001)

-0.2 A 01 02
5 ~ Favours [Conventional Therapy] Favours [Intensive Therapy]
Test for subaroup differences: Chi*= 012, df=1(P=0.73), F=0%

FIGURE 7: Forest plot of quadriceps strength.

Vasileiadis et al., 2022 [20], Hashizaki et al., 2023 [24],

ROM extension: In the follow-up period ranging from one to two months, there was no significant
difference between ITT and CTT regarding the extension. The follow-up period ranging from three to six
months showed another insignificant difference between the two comparator groups. The results were
heterogeneous (p-value= 0.00006) and 12=83% (Figure 8).

Intensive Therapy Conventional Therapy Mean Difference Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
1.6.1 1-2 month
Calatayud 2017 -33 335 22 29 32 22 291% -6.20[-8.14,-4.26)
Hashizaki 2023 69 686 18 55 6.74 22 21.4% 1.40(-2.84,5.64) ™
Subtotal (95% Cl) 40 44 50.4% -2.64[-10.08,4.79] —

Heterogeneity: Tau®= 26.05; Chi*=10.21, df=1 (P = 0.001); F= 90%
Test for overall effect: Z= 0.70 (P = 0.49)

1.6.2 3-6 month

Calatayud 2017 62 335 22 01 327 22 200% -6.10 [-8.06,-4.14]

Hashizaki 2023 69 734 18 B3 7.04 22 205% 060 [-3.89,5.00] —
Subtotal (95% CI) 40 44 49.6%  -3.07[-9.60,3.47]

Heterogeneity: Tau®= 19.32; Chi*=7.19, df= 1 (P = 0.007), F= 86%
Testfor overall effect: Z= 0.92 (P = 0.36)

Total (95% CI) 80 88 100.0% -3.15[-6.54,0.23]
Heterogeneity: Tau®= 9.28; Chi*= 17.42, df= 3 (P = 0.0006); F= 83%

Test for overall effect: Z=1.82 (P = 0.
Testfor subaroup differences: Chi*= 0.01. df=1(P=0.93). F=0%

’ Q!* ‘*

-1 E 5 10
Favours [Conventional Therapy] Favours [Intensive Therapy]

FIGURE 8: Forest plot of ROM extension.

ROM: range of motion.
Catalayud et al., 2017 [21], Hashizaki et al., 2023 [24].

ROM flexion: In the follow-up period ranging from one to two months, there was no significant difference
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between ITT and CTT regarding the flexion. The follow-up period ranging from three to six months showed
another insignificant difference between the two comparator groups. Finally, the overall result showed that
ITT was significantly improved in comparison to CTT (MD = 4.29, 95% CI (0.35 to 8.22), p-value = 0.03). The
results were homogenous (p-value= 0.77) and 12=0% (Figure 9).

Intensive Therapy Conventional Therapy Mean Difference Mean Difference
Study or Subgroup _ Mean SD__Total Mean SD__ Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.5.2 1-2 month
Calatayud 2017 <152 1113 22 -219 1116 22 357% 6.70(0.11,13.29] I —
Granicher 2020 -12.8 2522 10 -171 2062 10 38% 4.30[-15.89,24.49) —
Hashizaki 2023 -1.2 18.74 18 -1.2 16.62 22 126% 0.00[-11.10,11.10] e e
Subtotal (95% CI) 50 54 521%  4.91[-0.55, 10.36] -

Heterogeneity: Chi*=1.04, df= 2 (P = 0.58); F= 0%
Testfor overall effect: Z=1.76 (P = 0.08)

1.5.3 3-6 month

Calatayud 2017 -28 1113 22 -78 1116 22 357% 5.00[1.59,11.59] T
Hashizaki 2023 1 17.94 18 15 1843 22 121% -0.50[-11.81,10.81] E— —
Subtotal (95% CI) 40 44 47.9% 3.61[-2.08, 9.30] e
Heterogeneity: Chi*= 0.68, df=1 (P = 0.41); F= 0%

Testfor overall effect Z=1.24 (P=0.21)

Total (95% CI) 90 98 100.0% 4.29[0.35,8.22] -

Heterogeneity: Chi*=1.82, df=4 (P=0.77), F=0% + + +
Test for overall effect: Z= 2.13 (P = 0.03)

-20 -10 10 20
8 Favours [Conventional Therapy] Favours [Intensive Therapy]
Test for subaroun differences: Chi*= 010, df=1 (P = 0.75), F= 0%

FIGURE 9: Forest plot of ROM flexion.

ROM: range of motion.
Catalayud et al., 2017 [21], Granicher et al., 2020 [23], Hashizaki et al., 2023 [24],

SF-36 physical component: In the follow-up period ranging from one to two months, two studies were
included showing a significant difference in the SF-36 (MD = 0.96, 95% CI (0.43 to 1.48), p-value = 0.0003).
Additionally, the follow-up period ranging from three to six months showed a significant difference between
CTT and ITT (MD = 1.00, 95% CI (0.09 to 1.91), p-value =0.03). Regarding the long-term follow-up (12
months), only one study was included with a significant difference between the comparators. The overall
results favored the ITT over CTT (MD = 2.32, 95% CI (0.07 to 4.56), p-value = 0.04). The results were
heterogeneous (P-value < 0.00001) and 12=90% (Figure 10).

Intensive Therapy Conventional Therapy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
1.9.1 1-2 month
Calatayud 2017 89 335 22 44 351 22 156% 1.29[0.63,1.94]
Vasileiadis 2022 2345 1221 44 1372 1378 44 176% 0.74[0.31,1.17] —
Subtotal (95% CI) 66 66 33.2% 0.96 [0.43, 1.48] -
Heterogeneity: Tau*= 0.07;, Chi*=1.87, df=1 (P=0.17), F= 46%
Test for overall effect: Z= 3.58 (P = 0.0003)
1.9.2 3-6 month
Calatayud 2017 132 343 22 105 351 22 16.0% 0.76[0.15,1.38] I
Jiao 2024 121 418 39 37 488 38 16.7% 1.87[1.34,2.41] —
Vasileiadis 2022 2241 1291 44 1722 1342 44 17.7% 0.39-0.03,0.81] ™
Subtotal (95% CI) 105 105 50.4% 1.00 [0.09, 1.91]

Heterogeneity: Tau®= 0.58; Chi*= 18.43, df= 2 (P < 0.0001); F= 89%
Test for overall effect: Z= 2.16 (P = 0.03)

1.9.3 12 month
Jiao 2024 148 438 38 48 483 33 165% 215(1.58,2.71] —
Subtotal (95% CI) 39 39 16.5% 2.15[1.58,2.71] -

Heterogeneity: Not applicable
Test for overall effect: Z=7.48 (P < 0.00001)

Total (95% CI) 210 210 100.0% 1.190.61, 1.77] -

Heterogeneity: Tau®= 0.44; Chi* = 36.25, df= 5 (P < 0.00001); = 86% & + % T
Test for overall 9"99" Z=4.04 (P <0.0001) Favours [Conventional Therapy] Favours [Intensive Therapy]
Test for subaroup differences: Chi*= 10.22, df= 2 (P = 0.006), F= 80.4%

FIGURE 10: Forest plot of SF-36 physical component

SF: Short Form Health
Vasileiadis et al., 2022 [20], Catalayud et al., 2017 [21], Jiao et al., 2024 [25]

Stair test (seconds): In the follow-up period ranging from one to two months, two studies were included
showing a significant difference in the stair test (MD = -3.21, 95% CI (-4.76 to -1.67), p-value < 0.0001).
Additionally, the follow-up period ranging from three to six months showed a non-significant difference
between CTT and ITT (MD = -2.30, 95% CI (-5.54 to 0.93), p-value =0.16). Regarding the long-term follow-up
(12 months), only one study was included with a non-significant difference between the comparators. The
overall results favored the ITT over CTT (MD = -2.01, 95% CI (-3.61 to -0.41), p-value = 0.01). The results
were heterogeneous (p-value< 0.00001) and 12=89% (Figure 17).
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Intensive Therapy Conventional Therapy Mean Difference Mean Difference
Study or Subgroup  Mean SD _Total Mean SD __ Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 1-2month
Calatayud 2017 -1.9 208 22 15 208 22 229% -3.40[-4.63,-217] —_—
Granicher 2020 021 585 10 0.05 9.06 10 47% 0.16 [-6.56, 6.88]
Subtotal (95% Cl) 32 32 27.6% -3.21[-4.76,-1.67] e

Heterogeneity: Tau?= 0.27; Chi*=1.04, df= 1 (P = 0.31); F= 4%
Test for overall effect: Z= 4.07 (P < 0.0001)

1.1.2 3-6 month

Calatayud 2017 -31 208 22 09 208 22 229% -4.00[523,-277) S

Sun 2023 -01 119 32 06 134 35 255% -0.70[-1.31,-0.09 |
Subtotal (95% CI) 54 57 484%  -2.30[-5.54,0.93] | ——

Heterogeneity: Tau®= 5.20; Chi*= 22.28, df=1 (P < 0.00001); F= 96%
Test for overall effect Z=1.40 (P = 0.16)

1.1.3 12 month
Sun 2023 -1.1 198 32 -0.5 22 35 24.0%  -0.60[1.60,0.40] —
Subtotal (95% CI) 32 35 24.0% -0.60[-1.60,0.40] R
Heterogeneity: Not applicable

Test for overall effect Z=1.17 (P=0.24)

Total (95% CI) 118 124 100.0% -2.01[-3.61,-0.41] e E—
Heterogeneity: Tau®= 2.50; Chi*= 35.08, df= 4 (P < 0.00001); F=89% y t } t
Test for overall effect Z= 2.47 (P=0.01)

Test for subaroup differences: Chi*= 8.02, df= 2 (P=0.02), F=751%
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FIGURE 11: Forest plot of the stair test (seconds).

Catalayud et al., 2017 [21], Granicher et al., 2020 [23], Sun et al., 2023 [26].

Timed up and go: In the follow-up period ranging from one to two months, two studies were included
showing a non-significant difference in the time up and go (MD =-0.21, 95% CI (-4.76 to -4.35), p-value
=0.93). Additionally, the follow-up period ranging from three to six months showed a significant reduction
in time favoring ITT (MD = -1.26, 95% CI (-2.43 to -0.09), p-value =0.04). Regarding the long-term follow-up
(12 months), only one study was included with a non-significant difference between the comparators. The
overall results favored the ITT over CTT (MD = -1.12, 95% CI (-2.04 to -0.20), p-value = 0.02). The results
were heterogeneous (p-value= 0.003) and 12=75% (Figure 12).

Intensive Therapy ~ Conventional Therapy Mean Difference Mean Difference
Study or Subgroup Mean SD_ Total _Mean SD__ Total Weight IV, Random, 95% CI v, Random, 95% C1
1.7.11-2 month
Calatayud 2017 -1.3 11 22 08 112 22 265% -2.20(-2.86,-1.54] e
Dominguez-Navarro 2021 05 45 20 -2 718 21 53%  250[1.156.15]
Subtotal (95% CI) 42 43 318% -0.21[-4.76,4.35]

Heterogeneity: Tau?= 9.25; Chi*= 6.17, df=1 (P = 0.01); F= 84%
Test for overall effect: Z= 0.09 (P = 0.93)

1.7.23.6 month

Calatayud 2017 46 104 22 02 12 22 265% -1.80[2.46,-1.14] ——

Sun 2023 09 272 32 03 093 35 226%  -0.60[1.59,0.39] ——
Subtotal (95% CI) 54 57 49.1% -1.26[-2.43,-0.09] B

Heterogeneity: Tau?= 0.53; Chi*= 3.89, df= 1 (P = 0.05); F= 74%
Testfor overall effect: Z= 2.1 (P = 0.04)

1.7.3 12 month
Sun 2023 6 272 32 13 268 35 19.1%  -0.30[1.59,0.99] -y
Subtotal (95% C1) 32 35 19.4%  -0.30[-1.59,0.99] e

Heterogeneity: Not applicable
Test for overall effect: Z= 0.45 (P = 0.65)

Total (95% CI) 128 135 100.0% -1.12[-2.04,-0.20] -
Heterogeneity: Tau®= 0.72; Chi*= 1612, df = 4 (P = 0.003); F= 75%
Testfor overall effect Z=2.38 (P=0.02)

Test for subaroup differences: Chi*=1.23, df= 2 (P = 0.54), F= 0%

-4 -2 2 4
Favours [Intensive Therapy] Favours [Conventional Therapy]

FIGURE 12: Forest plot of timed up and go.

Catalayud et al., 2017 [21], Dominguez-Navarro et al., 2020 [22], Sun et al., 2023 [26].

Questionnaires

VAS score: No results were found significant according to the included studies at the VAS score results. In
the follow-up period, which ranged from one month to two months, three studies were included, and the
result showed a non-significant decrease in pain in the ITT on VAS when compared to CTT. Additionally, in
the follow-up ranging from three to six months, there were no significant differences between the two
comparators with three included papers. The long-term follow-up of 12 months was only mentioned in one
study without any significant difference. The results of the outcome were heterogeneous as p-value <0.0001
and 12 = 85% (Figure 153).
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Intensive Therapy Conventional Therapy Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD __ Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 1-2month
Calatayud 2017 -36  1.04 22 1.7 1.04 22 16.3% -1.90[-2.51,-1.29] —
Hashizaki 2023 -32 298 18 -4.3 3.26 22 8.2% 1.10[-0.84,3.04) 1
Jiao 2024 -53 135 39 -4.2 1.35 39 16.4% -1.10[1.70,-0.50] —
Subtotal (95% CI) 79 83 40.9%  -1.01[-2.10,0.08] -

Heterogeneity: Tau®= 0.66; Chi*= 9.88, df= 2 (P = 0.007); F= 80%
Test for overall effect Z=1.82 (P=0.07)

1.8.2 3-6 month

Calatayud 2017 -47  1.04 22 -3 112 22 16.2% -1.70[-2.34,-1.06)
Hashizaki 2023 -43 259 18 -5.4 256 22 9.9% 1.10[-0.50,2.70]
Jiao 2024 -61  1.35 39 -6.1 1.28 39 16.5% 0.00[-0.58, 0.58]
Subtotal (95% CI) 79 83 426% -0.33[-1.79,1.14]

Heterogeneity: Tau®= 1.43; Chi*=19.71, df= 2 (P < 0.0001); F= 90%
Test for overall effect: Z= 0.44 (P = 0.66)

1.8.3 12 month

Jiao 2024 65 135 39 63 128 39 165%  -0.20(0.78,0.38] —=t
Subtotal (95% CI) 39 39 165% -0.20(-0.78,0.38] >

Heterogeneity: Not applicable
Testfor overall effect: Z= 0.67 (P = 0.50)

Total (95% CI) 197 205 100.0%  -0.60[-1.34,0.14] -
Heterogeneity: Tau®= 0.78; Chi*= 41.15, df= 6 (P < 0.00001); = 85% + + - +

- _ -4 -2 2 4
Test for overall effect Z=1.59 (P = 0.11) Favours [Intensive Therapy] Favours [Conventional Therapy]
Testfor subaroup differences: Chi*= 1.66. df= 2 (P = 0.44). F= 0%

FIGURE 13: Forest plot of the Visual Analog Score (VAS) score.

Catalayud et al., 2017 [21], Hashizaki et al., 2023 [24], Jiao et al., 2024 [25]

WOMAC score: Results showed a significant difference according to the included studies on WOMAC score.
In the follow-up period that ranged from one to two months, two studies were included, and the result
showed a significant difference in the ITT on WOMAC score when compared to CTT (MD = -10.87, 95% CI (-
19.23 to -2.51), p-value = 0.01). Additionally, in the follow-up ranging from three to six months, there was a
significant difference between the two comparators with two included papers (MD = -6.22, 95% CI (-8.70 to -
3.74), p-value <0.00001). The overall results showed a significant difference in favoring ITT over CTT (MD =
-8.43,95% CI (-13.63 to -3.22), p-value = 0.28). The results of the outcome were heterogeneous as P-value <
0.0001 and 12 = 87% (Figure 14).

Intensive Therapy Conventional Therapy Mean Difference Mean Difference
Study or Subgroup __Mean SD_ Total _Mean SD__ Total Weight IV, Random, 95% CI I, Random, 95% CI
1.2.2 1-2 month
Calatayud 2017 -256 455 22 -108 47 22 276% -14.80(-17.53,-12.07] =
Vasileiadis 2022 -21.4 1317 44 1516 1324 44 224%  -6.24[11.76,-0.72) —
Subtotal (95% CI) 66 66 50.0% -10.87 [-19.23,-2.51] —~eaEiEEe—

Heterogeneity: Tau?= 31.70; Chi*= 7.42, df= 1 (P = 0.006); F= 87%
Test for overall effect: Z=2.55 (P = 0.01)

1.2.33-6 month

Calatayud 2017 29 462 22 -225 478 22 276%  -6.50(9.28,-372) ——
Vasileiadis 2022 -19.91 1334 44 148 13.08 44 224%  -511[1063,041) —
Subtotal (95% CI) 66 66 50.0%  -6.22[-8.70,-3.74] >

Heterogeneity: Tau?= 0.00; Chi*= 0.19, df=1 (P = 0.66); F= 0%
Test for overall effect: Z=4.91 (P < 0.00001)

Total (95% CI) 132 132 100.0% -8.43[-13.63,-3.22] T
Heterogeneity: Tau®= 23.55: Chi*= 22.64, df= 3 (P < 0.0001); IF= 87% +
Test for overall effect Z=3.17 (P = 0.002)

Testfor subaroun differences: Chi*=1.08, df=1 (P = 0.30). F=8.4%
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FIGURE 14: Forest plot of the WOMAC score.

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index

Vasileiadis et al., 2022 [20], Catalayud et al., 2017 [21].

Discussion

This systematic review and meta-analysis analyzed seven studies comparing ITT to CTT for knee
arthroplasty patients. The study populations were predominantly female and elderly, with no weight
specification. The results demonstrated that ITT generally outperformed CTT across several outcomes.
Significant improvements were observed in walking tests, quadriceps strength, range of motion flexion,
physical component scores, stair tests, timed up and go tests, and WOMAC scores. These benefits were noted
across various follow-up periods, ranging from short-term to medium-term and long-term post-
intervention. However, the results showed CTT showed better outcomes in isometric knee extension,
particularly in the medium-term follow-up period

The selection of appropriate training intensity and duration is critical for optimizing muscle strength gains.
While many previous studies focused on low to moderate-intensity regimens [27], recent research has
highlighted the potential benefits of higher-intensity approaches [28,29]. Notably, a randomized controlled
trial demonstrated that preoperative high-intensity strength training can yield significant improvements.
This intensive training was found to reduce pain levels, significantly increase lower limb muscle strength,
and enhance performance in functional tasks, suggesting that higher-intensity protocols may offer superior
outcomes for patients preparing for knee surgery [30]. Rooks et al. found that preoperative progressive
resistance training improved postoperative functional performance and muscle strength but did not
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significantly affect patient-reported outcomes [31]. This suggests a potential disconnect between objective
physical improvements and patients' subjective experiences.

A comprehensive approach to TKA rehabilitation should integrate both preoperative and postoperative
physiotherapy programs [21]. Preoperative training for patients with end-stage osteoarthritis has been
shown to enhance initial outcomes and improve patient satisfaction following TKA [32]. Conversely,
postoperative exercise regimens primarily focus on pain management, edema reduction, and improvement
of knee range of motion. This dual-phase approach aims to optimize overall patient outcomes by addressing
both preoperative conditioning and postoperative recovery needs [21,33].

Our study has several strengths. By including only RCTs and non-randomized controlled trials, we ensured
the inclusion of high-quality evidence, excluding observational studies to minimize potential biases.
Furthermore, our study is the first meta-analysis to focus specifically on the preoperative differentiation
between ITT and CTT, addressing a critical gap in the literature. The key guidance from our findings
highlights that preoperative physical therapy tailored to intensity levels has significant implications for
optimizing TKA outcomes. Specifically, the results suggest that ITT protocols may be more effective in
improving functional recovery and postoperative strength, while CTT approaches might still hold value in
specific patient populations or settings where ITT is less feasible.

Our study also had some limitations, as long-term follow-up (12 months) was limited, with only two studies
reporting outcomes at this time point [25,26]. Moreover, various training programs were introduced with
different intervention settings which could add possible heterogeneity and make the results affected. The
included studies exhibited considerable variation in exercise training protocols which were observed in the
duration of training periods, frequency of sessions, and intensity of exercises. This diversity in intervention
approaches may have contributed to heterogeneity among the study populations, potentially influencing the
comparability and generalizability of results across studies. It's important to note that although ITT
generally appears more effective, individual responses to therapy may vary as there is a high heterogenicity
among the included studies. Additionally, taking into consideration that some outcomes had no significant
difference in the specified follow-up durations and gave overall significance according to the analysis.
Previous meta-analyses have suggested that robotic-assisted TKA may offer certain advantages over
conventional surgical techniques, particularly in terms of knee alignment and functional outcomes which
may add another factor to be considered for investigation and increase the requirement of having a
homogenous population [34].

We recommend more long-term follow-up studies beyond 12 months, which are crucial to assess the
sustained benefits of intensive therapy compared to conventional approaches. Given the observed
heterogeneity in outcomes, future studies should aim to identify patient subgroups that benefit most from
intensive therapy, enabling more personalized rehabilitation approaches. Additionally, economic analyses
should evaluate the cost-effectiveness of intensive therapy, considering both short-term resource utilization
and long-term functional outcomes. Clinical guidelines for post-operative care in TKA should be reviewed
and potentially updated to reflect these benefits. Finally, patient education materials should be developed to
inform individuals about the potential advantages of intensive therapy and encourage adherence to more
rigorous rehabilitation protocols. Special training programs should be made to fit every participant,
considering their health and condition.

Conclusions

We conclude that ITT generally demonstrates overall superior outcomes compared to CTT for patients
undergoing knee arthroplasty when done preoperatively. ITT showed significant improvements across a
range of functional and patient-reported outcomes, including walking capacity, quadriceps strength, range
of motion, and quality of life measures. On the other hand, the isometric knee extension showed superiority
for the CTT group. We recommend that healthcare providers should consider implementing preoperative
intensive therapy protocols for TKA patients due to their superior outcomes across multiple recovery
domains. However, further research is needed to optimize these protocols by focusing on specific exercises,
frequency, and duration for the best results.
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TABLE 3: List of excluded studies after full-text screening

ACL: Anterior Cruciate Ligament; PICO: Population, Intervention, Comparison, Outcome
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