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Abstract: Background: After the increasingly common anterior cruciate ligament reconstruction
(ACLR) procedure in competitive athletes, rehabilitation is crucial for facilitating a timely return to
sports (RTS) and preventing re-injury. This pilot study investigates the biomechanical and
psychological outcomes of postoperative rehabilitation in competitive athletes, comparing
supervised rehabilitation (SVR) and home-based rehabilitation (HBR). Methods: After ACLR, 60
(out of 74 screened) athletes were recruited and equally divided into 2 groups using non-probability
convenience sampling: 30 HBR and 30 SVR (each group comprising 15 males and 15 females).
Rehabilitation outcomes in respective groups were evaluated at 8 months using measures (Tegner-
Activity-Scale [TAS], International Knee Documentation Committee subjective knee form [IKDC-
SKF], ACL Return to Sport after Injury [ACL-RSI]) and objective parameters (isometric muscle
strength, hamstring/quadriceps asymmetry). RTS was evaluated at 9 months; with ACL re-injury
rates recorded approximately 6 months post-RTS. Results: Both groups exhibited decreased TAS
scores (HBR: 8 to 6, SVR: 8 to 7), with the SVR group demonstrating superior post-operative IKDC-
SKEF scores (81.82 vs. 68.43) and lower ACL-RSI scores (49.46 vs. 55.25). Isometric and isokinetic
muscle strength, along with asymmetry values, favored the SVR group 8 months post-ACLR
(p<0.05). The SVR group showed a higher RTS rate to the same level (76.6% vs. 53.3%), while the re-
injury rate was same in both the rehabilitation groups (3.3%). Conclusion: Although both
rehabilitation approaches yielded comparable outcomes, SVR demonstrated superior
biomechanical improvements, resulting in a higher RTS rate. However, psychological outcomes and
re-injury rates did not significantly differ between groups, emphasizing the need to address
individual psychological needs during rehabilitation. Further investigation is recommended with
larger sample size to address the differences of gender among competitive athletes.

Keywords: anterior cruciate ligament; anterior cruciate ligament reconstruction; supervised
rehabilitation; home-based rehabilitation; return to sport; prevention; re-injury

1. Introduction

Anterior cruciate ligament (ACL) injuries are among the most common competitive athletic
injuries resulting in musculoskeletal and neurophysiologic dysfunctions [1,2]. ACL reconstruction
(ACLR) is considered the best treatment of choice after an ACL injury in athletes, with the aim to
restore the stability, strength, and functional ability of the ACL-deficient knee, thus making a safe
return to the pre-injury level of sports participation possible [3]. Rehabilitation is considered as an

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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integral component of the treatment process after ACLR, because it can dramatically affect the final
outcome of the surgery [4]. Post-operative rehabilitation may be conducted either at a specialized
rehabilitation clinic, referred to as supervised rehabilitation (SVR), or in the patient's home, known as
home-based rehabilitation (HBR). There is a debate in the literature regarding the most effective
rehabilitation method after ACLR in competitive athletes [5,6]. A recent systematic review and meta-
analysis comparing SVR and HBR after ACLR found no evidence supporting superior outcomes
with SVR [5]. A study by Feller et al. demonstrated that HBR with minimal supervision led to
satisfactory results, but not better than SVR [7]. Grant et al. found that HBR was more effective in terms
of knee joint mobility only in the first three months after ACLR in contrast to SVR [8]. Ugutmen et al.,
in their study, found that SVR participants received vocational training to learn to develop confidence
in their state, adding additional benefits [9]. Rhim H.C. and colleagues concluded that SVR gave
additional benefits in terms of improved muscular strength, neuro-muscular control, and self-
reported knee function score compared with HBR after ACLR [10]. The effectiveness of SVR or HBRin
terms of improved psychological outcomes in competitive athletes has not been reported in literature.
Assessing psychological readiness for the safe return to sports (RTS) requires a comprehensive
evaluation, considering both objective and subjective measures [11].

The literature has reported high success rates of ACLR in competitive athletes [12], but only less
than half of them can resume their competitive sports participation and regain their pre-injury level
of functional capabilities after ACLR [13,14]. RTS constitutes a crucial milestone in the rehabilitation
process following ACLR in competitive athletes. However, there is currently a lack of evidence
specifying the criteria for progression or discharge in this context [15,16]. Quadriceps and hamstrings
strength deficits, abnormal hamstrings—quadriceps ratio (H-Q ratio), and the lack of motivation are
the main risk factors related to re-injury [17-19]. These risk factors can be addressed using outcome
measures [20]. These measures include Tegner-Activity-Scale (TAS), International Knee
Documentation Committee subjective knee form (IKDC-SKF), and Anterior Cruciate Ligament
Return to Sport after Injury Scale (ACL-RSI), whereas the neuromuscular strength and control
measures include dynamic muscle strength, asymmetry ratio, weight distribution in stance
evaluation and squat analysis.

Certain mental factors greatly influence the RTS after ACLR. These include the lack of
intrinsic motivation and self-confidence, as well as the fear of re-injury, which may be associated
with the competence, autonomy, and kinship of an athlete [21]. The assessment of psychological
factors related to the RTS can be assessed using a variety of methods, including the ACL-RSI scale;
improvements in the scores of this scale are significantly associated with a safe RTS after ACLR
[22]. The ACL-RSI scale aids in identifying athletes who may experience challenges when resuming
sport, thereby enabling healthcare professionals to provide personalized support during
rehabilitation [23].

The current study was designed to determine the effectiveness of SVR versus HBR on the
prevention of re-injury after ACLR using same surgical technique among competitive athletes with
the support of psychological evaluations. The objective was to assess the potential of SVR over HBR
in terms of biomechanical and psychological outcome measures in competitive athletes after ACLR.
Our hypothesis was that the SVR may lead to better outcomes in competitive athletes after ACLR as
compared to HBR.

2. Materials and Methods
2.1. Design

This pilot study was conducted at Castle Park Surgical Hospital (Tata, Hungary) and TSO
Biomechanics Lab (Budapest, Hungary), between January 2020 and February 2023. It was ethically
approved by Regional and Institutional Science and Research Ethic Committee of Semmelweis
University, Budapest, Hungary (SE RKEB number: 120/2021). Prior written informed consent was
taken from all the patients.
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2.2. Patient Enrollment

The patient enrollment process in our study was guided by a meticulous sample
predetermination strategy, emphasizing transparency and precision in participant inclusion.
Competitive athletes involved in high-risk pivoting sports, specifically soccer, rugby, handball,
gymnastics, and tennis, and diagnosed with non-acute isolated ACL injuries, underwent surgical
reconstruction. All surgeries were performed by a single operating surgeon at Castle Park Surgical
Hospital in Tata, Hungary, between January 2020 and March 2021. Selection criteria, aligned with the
American College of Cardiology [24], included competitive athletes of both genders, aged 15 to 50
years, with diagnosed non-acute isolated ACL injuries and no secondary underlying pathology,
having undergone ACLR. Exclusion criteria comprised non-competitive athletes, individuals below
15 or above 50 years of age, and those with multiple ligamentous or bony injuries and secondary
underlying pathologies. To provide a comprehensive understanding of the athletic activities
undertaken by participants, we presented a detailed gender-differentiated breakdown of type of
sports as shown in Figure 1. Following ACLR, 74 patients underwent screening based on inclusion
criteria, with 14 excluded or dropping out. Ultimately, 60 participants were recruited and divided
into two equal groups using non-probability convenience sampling: 30 SVR and 30 HBR (each group
comprising 15 males and 15 females). SVR group was considered as case while HBR group was
considered to be a control group.

SVR Group HBR Group

Male Male
¢ Tennis:3 ¢ Tennis:4

|| *Gymnastics:1 |__|» Gymnastics:2
e Handball:2 e Handball:1
*Rugby:2 *Rugby:2
*Soccer:7 ®Soccer:6
Female Female
e Tennis:1 ¢ Tennis:2

|| Gymnastics:2 || *Gymnastics:4
e Handball:5 e Handball:2
*Rugby:1 *Rugby:2
® Soccer:6 ® Soccer:5

Figure 1. Type of Sports; A gender-differentiated breakdown of sports participation among athletes
in SVR and HBR groups.

2.3. Surgical Technique

ACLR was performed with the arthroscopic transtibial technique using quadruple-bundle
hamstrings (semitendinosus and gracilis) autografts with endobutton fixation on the femoral side
and Milagro® advance interference absorbable screw (DePuy Synthes, an orthopedics company of
Johnson & Johnson, USA) fixation on the tibial side.

2.4. Rehabilitation Protocols

Following ACLR, a structured rehabilitation program was implemented to optimize the
recovery process and facilitate the safe RTS. The rehabilitation protocol consisted of five distinct
phases; with focus on pain management, mobility and range of motion (ROM) improvement in the
initial phases, while improvements in the strength, power, endurance, stability, and extensibility of
the associated knee structures were the focus of later phases [23] as shown in Figure 2.
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Rehabilitation
post-ACLR
|
| ] | ] ]
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Day 1-14 Week 2-6 Week 6-12 Month 3-6 Month 6-9
No brace, PWB, S/H . . Sports Specific, Sport-specific
— Pain — Rehabilitation —Pgogﬂiocfrzzﬁi & || Non- — rehab, Team
management Grouping sHY & | Competitive training
training
ROM:90%lexion- Pain Sw1mm1ng, YR Confidence and
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' Agility
Functional Ongoing injury
— performance and — prevention and
joint stability RTS

Figure 2. Rehabilitation Flow Chart. The flow chart represents the phase wise division of
Rehabilitation process post-ACLR in 5 distinct phases. PWB stands for partial weight bearing,
whereas FWB stands for full weight bearing.

The number of patient’s visits to the physiotherapist ranged from 40-64 for SVR group and 5-12
for HBR group. SVR participants were required to attend supervised physical therapy classes twice
a week as an outpatient program in a rehabilitation clinic, with each session lasting 90-120 minutes.
The exercises and the format of the class were based predominantly on proprioceptive and functional
trainings, although some updated exercises were also included [25].

Patients in the HBR group performed all remedial exercises unsupervised at home. The
recommended training protocols were provided in written form with pictorial representations of the
exercises to be performed at home. During the intervention period, participants in the HBR group
engaged in a minimum of two exercise sessions per week. Adherence to the treatment plan was
monitored through periodic assessments at the rehabilitation clinic, where adjustments, education,
and modifications were made as necessary. Patient adherence was reinforced through regular
communication channels, including follow-up appointments and remote consultations. The
frequency of follow-up appointments and the progression of exercises were tailored to the
individual's response and left to the discretion of the treating therapist.

Five mandatory follow-up examinations were performed in both rehabilitation groups;
including the removal of stitches at postoperative day 14, followed by division into SVR and HBR
groups. Phase 1 was identical for both groups. At the 6-week mark, a second examination assessed
activity level progression. Phase 2-5 was carried out with same exercise programs either supervised
or home-based. A third review at 3 months evaluated patients' ability to perform complex physical
activities actively, while a fourth review at 6 months assessed progress towards achieving physical
attributes necessary for RTS. The protocol related to intensity and frequency of training was kept the
same for all the patients, with the only difference of supervision [26].

At the 8-month mark, a fifth follow-up examination was conducted, subjecting all participants
to subjective and objective evaluations at the Biomechanics Lab. Based on these evaluations, patients
were permitted to gradually participate in their respective competitive sports only if they met certain
criteria, which were mainly designed by their treating therapist, following scientific literature
guidelines [27,28]. The mean time period to RTS since ACLR in both rehabilitation groups was
approximately 9 months, and re-injury rates were measured and recorded at the 5-6-month mark
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following RTS. The rehabilitation protocol was based on "Campbell's Operative Orthopedics"
textbook [29].

2.5. Outcome measures

The TAS score was used to assess the participants according to their level of sports activity, using
a numeric scale of 0 to 10, where 0 represented knee-related disability and 10 represented the highest
level of competitive sport.

The IKDC-SKF was utilized to subjectively evaluate knee functional scores using a self-reported
scale ranging from 0 (lowest knee function) to 100 (highest knee function). This patient-completed tool
contains sections on knee symptoms (7 items), function (2 items), and sports activities (2 items), with
scores ranging from 0 points (lowest level of function or highest level of symptoms) to 100 points
(highest level of function and lowest level of symptoms).

The psychological readiness to RTS was evaluated using the ACL-RSI questionnaire, via which
the athlete’s subjective responses were recorded using 12 structurally designed questions. ACL-RSI
questionnaire, developed by Webster, Feller, and Lambros (2008) [23], comprises a total of 12
questions regarding emotional wellbeing (5 questions), the level of confidence in performing the
respective sport (5 questions), and risk appraisal (2 questions). The percentage of the total score
indicates the psychological response of a patient.

2.6. Assessment of Muscle Strength and Neuromuscular Control

The isometric maximum strength of the quadriceps and hamstrings muscles was measured in
kilograms using Kinvent Isometric Dynamometers (KINVENT, France; K-Pull and K-Push Handheld
Dynamometers) at knee flexion angles of 30°, 45°, and 90°. The percentage of strength deficits in the
muscles of the operated side was compared to the non-operated side at each specific angle. For all
three measured joint angles quadriceps and hamstrings ratio was calculated (H/Q ratio).

Static and dynamic balance (standing and unilateral squatting) tests were performed on the
KINVENT Force Plates and the average COP (Center of Pressure) position was measured. The
differences of average foot pressures (%) were calculated between the sides during both
measurements.

The maximum isometric strength of the hip adductors and abductors was measured on the Vald
Performance’s Force frame at a knee joint angle of 60 degrees. Results were calculated in Newton and
the force deficit between sides and the agonist-antagonist ratio were also calculated.

Re-injury was detected through clinical and MRI examinations performed by the operating
doctor. RTS was recorded according to the athlete’s reported sports participation.

2.7. Statistical Analysis

Data is represented by averages and standard deviations. To define the adequate statistical
procedure Shapiro Wilk’s W test was performed to identify normality. For the comparison of the
datasets paired sample t-test or Wilcoxon test and independent sample t-test or Mann-Whitney U test
was performed. For the discrete value comparisons Chi-Square test was calculated. JASP and Statistica
(TIBCO Statsoft USA) statistical software were used for the calculations. The significance level was set
at p<0.05.

3. Results
3.1. Baseline Characteristics

In this study, a total of 60 participants were included, with a deliberate and equal allocation of
15 male and 15 female individuals in each of the SVR and HBR groups. This gender-balanced
distribution was methodologically chosen to enhance the robustness of our analysis, aiming to
mitigate potential gender-related biases. This decision was not driven by the specific frequency of
ACL injuries but rather by the strategic objective of ensuring a representative cohort for
comprehensive assessment. The mean age in the SVR group was 22.43 + 6.34 years, while in the HBR
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group, it was 24.96 + 7.93 years. However, the difference in age between the two groups was not
statistically significant (p = 0.1991). Likewise, there were no significant differences in height and
weight between the groups, with mean values of 174.78 + 9.59 cm and 172 + 9.81 cm for height and
71.11 +£12.90 kg and 77.23 + 20.41 kg for weight in the SVR and HBR groups respectively (p = 0.3022
for height, p = 0.1960 for weight). Lastly, the mean follow-up time was 8.62 + 7.32 months for the SVR
group and 8.48 + 7.68 months for the HBR group, with no significant difference between the two
groups (p = 0.9501). These results indicate that, at baseline, both rehabilitation groups were
comparable in terms of gender distribution, age, height, weight, and follow-up time. Table 1 displays
the demographic data for the participants in the study.

Table 1. Demographic data of participants in the SVR and HBRGroups. Values are expressed as
mean = standard deviation. The table describes the uniform distribution of baseline characteristics
(gender, age, height, weight, and follow-up time) among the two rehabilitation groups, along with
their significance values.

Baseline
. SVR(n = 30) HBR(n = 30) P
Characteristics
Gender (male/female) 15/15 15/15
Age (years) 0.1991
22.43+6.34 24.96+7.93
Height (cm)
174.78+9.59 172+49.81 0.3022
Weight (kg) 71.11+12.90 77.23+20.41 0.1960
Follow-up
8.62+7.32 8.48+7.68 0.9501
time(months)

The t-test for BMI was calculated separately for men and women. No significant difference in
BMI was found among male and female athletes in their respective rehabilitation groups, indicating
that the groups were comparable (Table 2).

Table 2. BMI values in male and female participants among the SVR and HBR groups. Data is
represented by means and standard deviations (p<0.05, independent samples t-test).

Gender based
Group N Mean SD t p
BMI (M/F)
SVR 15 22.192 2.020
BMI (Male) HBR 15 23.931 2.759 1.892 0.070
SVR 15 24.230 2.529
BMI (Female) HBR 15 25.539 3.664 1.005 0.327

3.2. Patient Reported Questionnaires

The TAS score for male participants in the SVR group changed from 8 (pre-op) to 7 (post-op),
while in the HBR group, the score changed from 7 (pre-op) to 5 (post-op). Similarly, for female
participants, the SVR group showed a change from 7 (pre-op) to 6 (post-op), whereas the HBR group
displayed a change from 8 (pre-op) to 6 (post-op). The average TAS score in the SVR group was 8
pre-operatively and 7 post-operatively, while in the HBR group, it was 8 pre-operatively and 6 post-
operatively. These results suggest that both rehabilitation approaches led to a reduction in the TAS
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scores post-operatively. However, the average post-operative score was slightly lower in the HBR
group compared to the SVR group.

Prior to surgery, the mean pre-operative IKDC-SKF score in the SVR group was 49, compared
to 45 in the HBR group. Results demonstrated a significant difference in postoperative IKDC-SKF
scores between SVR and HBR groups. The mean post-operative IKDC-SKF score in the SVR group
was 81.82, compared to 68.43 in the HBR group (p=0.0021). It is worth mentioning that the IKDC-SKF
scores improved for both groups in the post-operative values.

Conversely, the mean post-operative ACL-RSI score in the HBR group was 55.25+9.72, while it
was 49.46+8.14 in the SVR group (p=0.0194). These findings indicate that individuals in the SVR group
achieved higher IKDC-SKEF scores, suggesting better post-operative outcomes. However, individuals
in the HBR group had higher ACL-RSI scores, indicating a greater psychological readiness to RTS
compared to the SVR group. Unfortunately, the pre-operative data for ACL-RSI scores was not
available.

3.3. Comparison of Muscle Strength and Neuromuscular Control Parameters

At 30 degrees the percentage of isometric strength deficit in the quadriceps between the operated
and non-operated limb was 26.1% in the SVR group and 27.9% in the HBR group. Similarly, the
percentage of isometric strength deficit in the hamstrings was 14.1% in the SVR group and 32.2% in
the HBR group. The percentage of H/Q asymmetry at 30 degrees was 10.9% in the SVR group and
1.1% in the HBR group, and that was not significant for either comparison (Table 3).

Table 3. Comparison of various measured biomechanical data values between SVR and HBR groups.
O represents operated, NO non-operated leg. Data is represented by means and standard deviations,
asterisk (*) indicates significant difference between SVR and HBR groups (p<0.05, independent
samples t-test).

Measurement procedure Group Mean SD P

30.deg Max Isometric Quadriceps

SVR 54.614 16.295 0.077
Strength (kg) O

HBR 44.810 18.607
30.deg Max Isometric Quadriceps

SVR 68.957 16.720 0.035*
Strength (kg) NO

HBR 57.323 18.257
30.deg Quadriceps Asymmetry

SVR 21.519 11.708 0.969
(%)

HBR 21.352 15.479
30.deg Max Isometric Hamstrings

SVR 21.514 6.237 0.224
Strength (kg) O

HBR 19.217 6.091
30.deg Max Isometric Hamstrings

SVR 24.686 6.528 0.730
Strength (kg) NO

HBR 25.465 8.194
30.deg Hamstrings Asymmetry

SVR 17.490 10.564 0.042*
(%)

HBR 24.970 12.832

30.deg H/Q Ratio (%) O SVR 38.462 11.329 0.218
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HBR 43.979 16.704
30.deg H/Q Ratio (%) NO SVR 34.664 7.189 0.018*
HBR 43.412 14.672
45.deg Max Isometric Quadriceps
SVR 58.252 15.364 0.214
Strength (kg) O
HBR 51.448 19.344
45.deg Max Isometric Quadriceps
SVR 71.233 17.792 0.155
Strength (kg) NO
HBR 62.868 19.986
45.deg Quadriceps Asymmetry
SVR 21.019 11.199 0.781
(%)
HBR 19.895 14.650
45.deg Max Isometric Hamstrings
SVR 20.233 6.684 0.031*
Strength (kg) O
HBR 16.304 4.953
45.deg Max Isometric Hamstrings
SVR 24.233 6.163 0.981
Strength (kg) NO
HBR 24.183 7.993
45.deg Hamstrings Asymmetry
SVR 19.967 13.815 0.010*
(%)
HBR 31.696 15.057
45.deg H/Q Ratio (%) O SVR 34.025 10.749 0.786
HBR 33.066 11.922
45.deg H/Q Ratio (%) NO SVR 33.790 7.743 0.131
HBR 38.528 11.878
Isokinetic Leg Extension 240./s
SVR 20.850 6.716 0.007*
(Kg) O
HBR 13.809 4.781
Isokinetic Leg Extension 240./s
SVR 25.114 6.431 0.010*
(Kg) NO
HBR 17.664 6.763

reprints202403.0734.v1

At 45 degrees the percentage of isometric strength deficit in the quadriceps between the operated
and non-operated limb was 22.3% in the SVR group and 22.1% in the HBR group. Similarly, the
percentage of isometric strength deficit in the hamstrings was 12.8% in the SVR group and 47.8% in
the HBR group. The percentage of H/Q asymmetry at 45 degrees was not significant in the SVR group
(0.8%) but was significant in the HBR group (16.6%, p<0.05).

At90 degrees the percentage of isometric strength deficit in the quadriceps between the operated
and non-operated limb was 23.1% in the SVR group and 23.9% in the HBR group. The percentage of
isometric strength deficit in the hamstrings was 69.7% in the SVR group and 84.9% in the HBR group.
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The percentage of H/Q asymmetry at 90 degrees was significant in both the SVR group (37.9%) and
the HBR group (30.5%, p<0.05).

No significant differences were observed in the percentages of weight distribution deficit in
stance evaluation, squat analysis and hip abductor and adductor force and asymmetry
measurements. These findings suggest that both rehabilitation approaches led to similar outcomes in
terms of these variables, as shown in the following Table 4.

Table 4. Comparison of abductor, adductor force, asymmetry, stance and squat ~ weight distribution
for the SVR and HBR groups. O represents operated, NO non-operated leg. Data is represented by
means and standard deviations, no significant difference was detected between SVR and HBR groups
(p<0.05, independent samples t-test).

Measurement procedure Group Mean SD P

Max Isometric Hip Adductors Strength at 60.

SVR 379.837 96.169 0.164
Knee Flexion (N) O
HBR 339.609 89.725
Max Isometric Hip Adductors Strength at 60.
SVR 387.188 90.290 0.160
Knee Flexion (N) NO
HBR 348.174 88.023
Hip Adductors Asymmetry (%) SVR 5.633 3.356 0.956
HBR 5.694 3.760
Max Isometric Hip Abductors Strength at 60.
SVR 354.967 87.474 0.127
Knee Flexion (N) O
HBR 315.326 79.593
Max Isometric Hip Abductors Strength at 60.
SVR 352.650 76.089 0.163
Knee Flexion (N) NO
HBR 318.630 80.340
Hip Abductors Asymmetry (%) SVR 7.759 5.368 0.854
HBR 8.076 5.814
Hip ABD/ADD Ratio (%) O SVR 94.480 15.259 0.958
HBR 94.752 18.359
Hip ABD/ADD Ratio (%) NO SVR 92.825 18.038 0.931
HBR 92.400 13.792
Stance Evaluation Weight Distribution (%) O SVR 49.757 3.667 0.408
HBR 48.870 3.371
Stance Evaluation Weight Distribution (%) NO SVR 50.243 3.667 0.408
HBR 51.130 3.371
Squat Analysis Average Weight Distribution (%)
SVR 48.433 2.765 0.961

@)
HBR 48.395 2.338
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Squat Analysis Average Weight Distribution (%)
SVR 51.567 2.765 0.961
NO

HBR 51.605 2.338

3.4. Return to Sport

In the SVR group, 76.6% of individuals were able to return to the same level of sport participation
following ACL rehabilitation. Additionally, 16.6% were able to return to a lower level of sport
participation, while 6.6% did not return to any sport activities. In contrast, the HBR group had a lower
percentage of individuals returning to the same level of sport participation, with only 53.3%
achieving this outcome. Furthermore, 30% of individuals in this group were able to return to a lower
level of sport participation, while 16.6% did not return to any sport activities. The observed disparities
in sport participation levels between the two groups are substantiated by the data presented in Table 5,
where a Chi-Square test contingency table indicated a significant difference (p=0.036).

Table 5. Number of individuals returning to sport for the SVR and HBR groups respectively. The
table describes numbers and percentages of RTS to difference levels as reported in both the
rehabilitation groups. .

RTS SVR Group HBR Group
Same level 23 (76.6 %) 16 (53.3 %)
Lower level 5 (16.6 %) 9 (30 %)
No return 2 (6.6 %) 5 (16.6 %)

3.5. ACL Re-injury

The comprehensive evaluation of ACL re-injury rates necessitates a subtle understanding of the
distinction between re-injury to the previously operated knee and new injuries, particularly those
affecting the contralateral knee. In both the SVR and HBR groups, the overall re-injury rate was 3.3%.
However, it is crucial to delineate the contralateral ACL injury rate, which was 6.6% in the SVR group
and 3.3% in the HBR group.

4. Discussion

A recent systematic review concluded that the previous studies fail to demonstrate a significant
difference between SVR and HBR [5]. This lack of differentiation stems primarily from inadequate
assessment of psychological and biomechanical outcomes, particularly among elite athletes. Our
study compared the outcomes of SVR versus HBR in competitive athletes after ACLR, considering
both biomechanical and psychological outcomes. The comparison of our findings with the literature
elucidates key insights. Our deliberate gender-balanced allocation aimed to enhance the study's
robustness and minimize gender-related biases. While not directly aligned with literature, this
methodology aligns with the overarching goal of creating a representative cohort for comprehensive
assessment [12]. The comparable baseline characteristics, including age, height, weight, and follow-
up time, corroborate with previous studies emphasizing the importance of homogeneous cohorts for
accurate evaluation [12-14]. Our study's observed reduction in TAS scores post-operatively for both
rehabilitation groups concurs with literature, indicating a commonality in the impact of rehabilitation
on activity levels [12,13]. The slightly lower average post-operative TAS score in the HBR group aligns
with findings suggesting variations in activity scale outcomes based on rehabilitation methods [6].

Our results align with literature indicating a significant improvement in IKDC-SKF scores post-
operatively for both rehabilitation groups [12]. Notably, SVR yielded superior post-operative
outcomes. Conversely, HBR participants exhibited greater psychological readiness for RTS. This
concurs with literature emphasizing psychological factors for RTS [21-23]. Rehabilitation can be
successfully complemented by consultation with a sports psychologist and the use of methods that
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influence mental factors, such as active goal setting and relaxation techniques [30]. Psychic responses
generally improve during rehabilitation, but in some cases, fear may increase and become a serious
risk factor when returning to sport [31]. RTS is not just significantly influenced by normal
postoperative knee function [32]. Prior physical activity history, enhanced psychological readiness,
and interventions may benefit individuals with lower optimism levels [33].

Muscle strength imbalances are of particular concern in individuals after ACLR. Significant
differences in the dynamometric values favoring the SVR group in muscle strength and symmetry
values highlight its greater efficiency in rehabilitation, consistent with literature indicating potential
benefits of supervised programs [6]. Further research is warranted to explore the underlying
mechanisms contributing to the observed H/Q asymmetry at different degrees of knee flexion and to
optimize rehabilitation strategies for improving muscle balance across a wider range of motion.

The significant divergence of RTS percentages between the rehabilitation groups echoes
literature emphasizing the impact of rehabilitation methods on RTS [13,14]. Our study showed an
overall re-injury rate of 3.3%, consistent with literature emphasizing the importance of considering
different types of injuries [16]. The observed contralateral ACL injury rates indicate that, while the
overall re-injury rate is consistent between the two groups, the distribution of injuries differs. This
insight provides a more refined perspective on the nature of injuries and enhances the interpretation
of rehabilitation outcomes in the context of contralateral ACL lesions. Monitoring re-injury rates 5-6
months after resuming sports activities provided valuable insights into the effectiveness of
rehabilitation protocols in preventing further injuries. These thoughtfully chosen time points aimed
to capture critical recovery milestones and evaluate the associated risks and outcomes involved in
resuming sporting activities. Successful ACL restoration involves unrestricted sports participation
and a return to pre-injury levels. Considering the influence of fear of re-injury is crucial in assessing
ACLR outcomes [34]. SVR may provide athletes with more challenging training, especially in the
later phases of rehabilitation, in such a way that they can develop their sport-specific skills and
expertise more confidently and comfortably [35].

The selected time periods in this study were strategically determined to assess key aspects of
post-operative recovery. The evaluation at eight months’ post-operation provided a comprehensive
assessment of muscle strength and knee function, reflecting a substantial recovery period. At nine
months’ post-operation, the focus shifted to evaluating the capacity to return to sport. Optimizing
recovery after ACL reconstruction requires comprehensive rehabilitation plans that prioritize the
restoration of muscular strength and functional status in both the reconstructed knee and the
unaffected limb, as emphasized in the literature [36]. Literature indicated that criterion-based
rehabilitation after ACLR is essential to enable effective recovery and allow athletes to achieve their
RTS goals while extenuating impairments related to re-injury [37,38]. In addition to the fulfillment of
these objective criteria, a rehabilitation program should also focus on improving the subjective knee
functional and psychological readiness scores [39]. A prerequisite for a safe and early RTS is to take
into account the latest evidence concerning re-injury prevention and to establish ongoing professional
communication among the injured athlete, the coach, the physician, and the physiotherapist [40]. To
achieve the best recovery outcomes for competitive athletes, it is imperative to prioritize the
psychological readiness of athletes in the supervised group.

5. Limitations

Following data collection, the prospect of conducting a 2x2 ANOVA for male and female groups
within SVR and HBR samples was considered to identify gender-based differences in the
phenomenon. However, this approach was dismissed due to the resultant reduction in sample sizes,
thereby significantly diminishing the statistical power of calculations. Consequently, the original
samples were retained, maintaining an equal gender distribution (50-50%) in both SVR and HBR
groups. Given the absence of significant differences in anthropometric values between the samples,
we believe that the initial objectives of the manuscript can be adequately addressed with this sample
size. Nonetheless, the lack of gender-specific analysis represents a limitation of this study. Thus, we
acknowledge this research as a pilot study, laying the groundwork for future investigations,
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particularly focusing on competitive athletes, where larger sample sizes will be utilized with separate
analyses for male and female groups.

Another aspect of the study that may be considered as a limitation is the absence of a universally
acknowledged isokinetic dynamometer, such as the Biodex or HumacNorm, for biomechanical
measurements. However, it is imperative to underscore that the primary objective of data collection
was to compare various samples rather than to establish comparisons with universally recognized
datasets. Consequently, considering the accuracy of the employed devices, we determined that the
use of simpler equipment sufficed for achieving the study's objectives.

6. Conclusion

Both rehabilitation approaches demonstrated comparable outcomes among competitive athletes
post-ACLR. However, SVR provided additional advantages by enhancing biomechanical outcomes,
leading to a comparable rate of return to same level sport. Nevertheless, there was no disparity in the
re-injury rate, potentially due to a lack of notable improvements in psychological outcomes compared
to HBR group, especially after an average of 8 months following ACLR. Therefore, to achieve
successful RTS and prevent re-injury in competitive athletes, it is crucial to implement criterion-based
rehabilitation programs. These programs should include continuous psychological preparation
supervised by a physiotherapist. Future research should consider utilizing large sample sizes and
long-term follow-up to thoroughly assess the effectiveness of rehabilitation in terms of preventing re-
injury after ACLR.
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