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Abstract
Introduction  Our study aims to assess the effectiveness of multicomponent supervised tele-rehabilitation compared 
to home-based self-rehabilitation management in patients following anterior cruciate ligament reconstruction (ACLR).

Methods  The current study is designed as a single-center, single-blinded, randomized controlled, two-arm 
trial. Participants will be randomized and allocated at a 1:1 ratio into either a multicomponent supervised tele-
rehabilitation group or a home-based self-rehabilitation group. All participants receive uniform preoperative 
education through the HJT software. Participants in the intervention group undergo multicomponent supervised 
tele-rehabilitation, while those in the control group follow a home-based self-rehabilitation program. All the 
participants were assessed and measured for the included outcomes at the outpatient clinic before the procedure, 
and in 2, 4, 8, 12, and 24 weeks after ACLR by two assessors. The primary outcome was the percentage of patients 
who achieve a satisfactory active ROM at the 12 weeks following the ACLR. The satisfactory active ROM was also 
collected at 2, 4, 8, and 24 weeks after ACLR. The secondary outcomes were active and passive range of motion 
(ROM), pain, muscle strength, and function results.

Registration details  Ethical approval has been obtained from the West China Hospital Ethics Committee (approval 
number 2023−1929, December 2023). The trial has been registered on ClinicalTrials.gov (registration number 
NCT06232824, January 2024).
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Introduction
Anterior cruciate ligament (ACL) rupture is one of the 
most common orthopedic injuries, with a yearly inci-
dence of 0.03% [1]. Due to the instability of the knee 
caused by ACL rupture, ACL reconstruction (ACLR) is 
often necessary and has become a frequently performed 
orthopedic surgery [2]. Returning to daily activities and 
sports is a primary goal of ACLR [3]. However, within the 
first postoperative year following surgery, two-thirds of 
patients have not returned to their pre-injury level [4]. A 
more extended and effective postoperative rehabilitation 
may be needed compared to what is typically advocated 
after ACLR surgery. Several important clinical practice 
guidelines recommend postoperative rehabilitation fol-
lowing ACLR to restore muscle strength and function, 
alleviate pain and symptoms, and facilitate a successful 
return to pre-injury sporting activities [5].

In a randomized controlled trial (RCT), Grant et al. 
determined that a minimally supervised home reha-
bilitation program was more effective in achieving an 
acceptable range of motion (ROM) than standard physi-
cal therapy in the initial 3 months after ACLR [6]. A 
more extended follow-up of 38 months revealed that 
the home-based rehabilitation exhibited a significantly 
higher ACL Quality of Life (QoL) score compared to the 
physical therapy-supervised group, indicating that the 
supervised home rehabilitation program was both cost-
effective and beneficial for future rehabilitation practices 
[7]. A recent meta-analysis corroborated these findings, 
suggesting that standard physical therapy did not yield 
superior outcomes when compared to supervised home 
rehabilitation in patients undergoing ACLR [8]. However, 
it is important to note that these studies do not advocate 
for the complete abandonment of professional supervi-
sion in ACLR rehabilitation. Rather, they emphasize that 
the frequency of supervision may not be as crucial as the 
patient’s understanding of the rehabilitation process and 
their adherence to the prescribed program [9].

With advancements in telecommunication networks 
and tele-applications, healthcare professionals, including 
surgeons and rehabilitation therapists, can now remotely 
evaluate, educate, diagnose, and even treat patients using 
information and communication technologies [10]. Con-
sidering the challenges posed by the COVID-19 pan-
demic, transitioning to tele-rehabilitation has emerged 
as a viable option [11]. Studies have shown that tele-
rehabilitation yields non-inferior outcomes compared to 
traditional face-to-face rehabilitation for various muscu-
loskeletal disorders [12, 13]. Guo et al. investigated the 
impact of mobile health-based home rehabilitation edu-
cation and found that this intervention led to improve-
ments in knee function, muscle atrophy, and joint pain 
compared to home-based rehabilitation exercises alone, 
as early as 6 weeks post ACLR [14]. Additionally, a 

randomized controlled trial (RCT) demonstrated that 
mobile applications reduced the need for in-person vis-
its during the initial 6 weeks following ACLR, resulting in 
cost savings for both patients and the healthcare system 
[15]. It is worth noting, however, that while these stud-
ies utilize mobile devices and software for patient follow-
up and evaluation, they may lack a visual user-interface 
guidance for functional exercises [14, 15].

After being discharged from the hospital, most patients 
adhere to the prescribed rehabilitation schedule outlined 
by surgeons and rehabilitation therapists [16]. However, 
they often face limitations, as they can only seek guid-
ance by returning to the hospital in case of exercise-
related queries. This approach is not only inefficient but 
also challenging to sustain, potentially leading to a non-
standardized rehabilitation program and undermining 
patients’ understanding and adherence to the prescribed 
regimen.

To address these issues, we have developed an individ-
ualized multicomponent supervised tele-rehabilitation 
management application. This innovative tool allows us 
to provide education, visual user-interface guidance for 
functional exercises, interactive real-time communica-
tion, and evaluation throughout perioperative and post-
operative follow-up periods. Therefore, our study aims 
to assess the effectiveness of multicomponent supervised 
tele-rehabilitation compared to home-based self-rehabil-
itation in patients following ACLR. We hypothesize that 
multicomponent supervised tele-rehabilitation will dem-
onstrate superior effects over home-based self-rehabilita-
tion in terms of ROM, pain, muscle strength, and overall 
function.

Methods
Study design
The current study is designed as a single-center, single-
blinded, randomized controlled, two-arm trial, with the 
overall flowchart depicted in Fig. 1. We intend to allocate 
participants in a 1:1 ratio to compare multicomponent 
supervised tele-rehabilitation versus home-based self-
rehabilitation. Ethical approval has been obtained from 
the West China Hospital Ethics Committee (approval 
number 2023−1929, December 2023). The trial has 
been registered on ClinicalTrials.gov (registration num-
ber NCT06232824, January 2024). Each participant is 
required to provide informed consent before enrolling 
in the study. The protocol adheres to the 2013 Standard 
Protocol Items: Recommendations for Intervention Tri-
als guidelines.

Participants
We screen and recruit participants from the department 
of orthopaedic surgery and sports medicine, West China 
Hospital, Sichuan University in China from July 2024 to 
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July 2025. This study will only recruit patients who meet 
the following criteria:1. Aged between 18 and 50 years at 
the time of recruit; 2. BMI between 16 and 28 kg/m²; 3. 
acute unilateral ACL rupture; 4. plan for an ACLR sur-
gery (with autologous hamstrings tendon reconstruction) 
under arthroscopy; 5. ACL rupture to ACLR within 3 
months; 6. Patients can independently use mobile soft-
ware and HJT software under the guidance of staff.

The exclusion criteria of this study include: (1) With 
synthetic tendon reconstruction; (2) Concomitant menis-
cus lesion which needs operation; (3) Concomitant other 
ligaments injury which needs operation; (4) Concomitant 
intra-articular knee fracture; (5) Concomitant fracture or 
injury which may affect postoperative exercise; (6) Previ-
ous history of knee infection, fracture, and surgery; (7) 
Participate in knee exercises and/or rehabilitation pro-
grams in the past three months; (8) Living outside the 
city, regular return to the hospital for follow-up cannot 
be guaranteed; (9) Serious cardiopulmonary disease and 

unable to participate in rehabilitation exercise; (10) Other 
reasons for exclusion (mental disorders, stroke, preg-
nancy, etc.).

Sample size determination
We use PASS software to calculate the sample size. We 
set the percentage of patients who achieve a satisfactory 
active ROM at the 3 months following the ACLR as the 
primary outcome. It was reported that approximately 
95% of patients should achieve an acceptable ROM at 
3 months after ACLR [17]. Besides, An estimated 20% 
difference was reported to be clinically significant [6]. 
To achieve a power of 80% (α = 0.05), a minimum of 44 
subjects is required for each group. Taking a 20% attri-
tion rate into consideration, a total of 110 patients (55 per 
group) will be recruited in the study.

Fig. 1   The flowchart of the whole study
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Randomization procedure and blinding
We use R software to generate a random sequence of 110 
numbers, which were placed into opaque sealed enve-
lopes by an independent researcher to avoid selection 
bias. Participants will be randomized and allocated at a 
1:1 ratio into either a multicomponent supervised tele-
rehabilitation group or a home-based self-rehabilitation 
group. Given the particularity of postoperative reha-
bilitation, it is hard to blind the participants. Therefore, 
blinded participants were not implemented in our study. 
All the participants received the education and rehabili-
tation program on the same mobile phone application. 
Before the intervention, an independent researcher com-
municated with the participants to inform the method 
of using the mobile application. Apart from the mobile 
application, no paper rehabilitation program materials 
will be distributed to participants. Admission, ACLR sur-
gery, follow-up, and assessment of all participants were 
conducted separately and will not be arranged in the 
same ward room to avoid discussion and communication 
between participants. The ACLR surgery was performed 
by a senior surgeon who was blinded to the group allo-
cation. In addition, we selected two assessors who were 
blinded to the group allocation to measure the baseline 
data and follow-up outcomes after the intervention. The 
collection and analysis of data were carried out by two 
independent researchers who were also blinded to the 
group allocation.

Experimental procedure
The entire program comprises preoperative education 
and postoperative rehabilitation, both within and out-
side the hospital setting. All participants receive uniform 
preoperative education through the HJT software. Par-
ticipants in the intervention group undergo multicom-
ponent supervised tele-rehabilitation, while those in the 
control group follow a home-based self-rehabilitation 
program. The postoperative rehabilitation protocols for 
both groups are presented and implemented through the 
HJT software. The classical interface of the HJT software 
was showen in Fig. 2.

Intervention
Participants in the intervention group could access the 
rehabilitation content applicable to their current phase 
each day and confirm their willingness to execute it 
through the application. Additionally, participants have 
the capability to communicate with therapists via the 
mobile phone application, enabling them to send text, 
voice messages, images, and videos throughout the entire 
experiment. The specific rehabilitation protocol is devel-
oped based on the best available evidence for ACLR 
and is discussed with experienced surgeons and phys-
iotherapists in our center [5, 18–20]. Participants in the 

intervention group receive comprehensive education and 
rehabilitation program through the mobile phone appli-
cation, which includes text, photos, and videos. On the 
first day of enrollment, the doctor informs participants 
about the importance of rehabilitation and guides them 
on how to use the mobile phone application. The post-
operative rehabilitation protocol is organized into five 
phases: Phase 1 (0–2 weeks), Phase 2 (3–4 weeks), Phase 
3 (5–8 weeks), Phase 4 (9–12 weeks), and Phase 5 (after 
13 weeks).

Phase 1 (0–2 weeks)
The objectives of this phase are as follows: (1) Protect the 
graft; (2) Reduce knee joint edema and pain; (3) Restore 
patellar mobility; (4) Restore knee passive extension; (5) 
Improve knee joint flexion; (6) Restore the strength of the 
quadriceps femoris muscle; (7) Promote wound healing 
and remove sutures.

The exercise items for this phase include: (1) Passive 
straightening of the knee joint (with/without sandbag 
aid); (2) Alternating placement in straight and train-
ing positions; (3) Knee joint training position; (4) Ankle 
pump; (5) Straight leg raise; (6) Lying prone and lifting 
the leg (with/without elastic band aid); (7) Lying on the 
side and lifting the leg (with/without elastic band aid); (8) 
Isometric contraction of the quadriceps femoris muscle; 
(9) Isometric contraction of the hamstring muscle in the 
seated position; (10) Partially loaded walking (double 
walking stick aid).

Phase 2 (3–4 weeks)
The objectives of this phase are as follows: (1) Fully 
restore knee ROM in both extension and flexion; (2) Fur-
ther enhance lower limb muscle strength; (3) Improve 
proprioception, balance, and neuromuscular coordina-
tion; (4) Restore normal gait.

The exercise items for this phase include those from 
Phase 1, plus: (1) Active knee joint exercises (range 
0-120°); (2) Removal of wound sutures and scar massage; 
(3) Gravity transfer training; (4) Walking exercise with-
out a walking stick; (5) Lunge squat with a stick; (6) Side 
lunge with armchair support.

Phase 3 (5–8 weeks)
The objectives of this phase are as follows: (1) Further 
enhance lower limb muscle strength; (2) Achieve full res-
toration of knee joint ROM; (3) Improve proprioception, 
balance, and neuromuscular coordination.

The exercise items for this phase include: (1) Passive 
flexion of the knee joint (with sandbag aid); (2) Alter-
nating placement in straight and training positions; (3) 
Ankle pump; (4) Lying prone and lifting the leg (with 
elastic band aid); (5) Lying on the side and lifting the leg 
(with elastic band aid); (6) Knee joint active exercises 
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without load(range 0-120°); (7) Prone position active 
knee bending; (8) Scar massage; (9) Stride stretch (front 
and back); (10) Walking exercise without a walking stick 
to correct gait; 11. Step forward and backward stretching; 
12. Standing balance and gravity transfer using a balance 
board; 13. Gait exercises (8-step, S-step, turn back step).

Phase 4 (9–12 weeks)
The objectives of this phase include: (1) Restore symmet-
rical active joint ROM fully; (2) Engage in higher levels 
of neuromuscular control activities and start jogging on 
plastic tracks or soft surfaces.

The exercise items of this phase include:1. Prone posi-
tion active knee bending;2. Double leg glute bridge; 3. 
Bedside kneeling position progressive knee bend; 4. Scar 
massage; 5.Stand on one leg; 6. Stepping exercises (back 
and forth, sideways stepping exercises); 7. Stride stretch 
(front and back); 8. Gait exercise (8-step, S-step, turn 
back step);9. Speed-walking for 15 min; 10. Consecutive 
ten single-leg squats to 60°; 11. Jogging for 5–10 min; 12. 
Jump forward on one foot.

Phase 5 (after 13 weeks)
The objectives of this phase include: (1) Increase muscle 
strength; (2) Increase proprioception.

The exercise items of this phase include: (1) Bedside 
kneeling position progressive knee bend; (2) Single leg 
glute bridge; (3) Stand on one leg; (4) Stepping exercises 
(back and forth, sideways stepping exercises); (5) Stride 
stretch (front and back); (6) Consecutive ten single-leg 
squats to 60°;7. Jogging for 5–10 min; 8. Alternate side-
ways walk; 9. Alternate side jumps; 10. Walk backwards; 
11. Skipping rope; 12. Gait exercise (8-step, S-step, turn 
back step);13. Single leg jump up and down stairs.

At the 2 weeks, 4 weeks, 8 weeks, 12 weeks, and 6 
months after ACLR, all participants went to the outpa-
tient clinic for follow-up by physiotherapist. If partici-
pants can complete the exercise items in this phase and 
achieve the objectives of this phase, they will be switch 
to the next phase rehabilitation and provide face-to-face 
guidance for exercise methods.

Control
Participants in the control group could only receive a 
graphic and textual minimal postoperative rehabilitation 
plan on the mobile phone application. However, the par-
ticipants were not informed the frequency and intensity 
of the rehabilitation items. They could not communicate 
with therapists online. Participants in the control group 
were expected to exercise unsupervised postoperatively.

At the 2, 4, 8, 12, and 24 weeks after ACLR, all partici-
pants went to the outpatient clinic for follow-up by phys-
iotherapist to provide face-to-face guidance for exercise 
methods. Physiotherapist would clarify the content of 

the rehabilitation plan if any doubt, but will not provide 
information extending the prearranged scope.

Outcome measures
All the participants were assessed and measured for the 
included outcomes at the outpatient clinic before the 
procedure, and in 2, 4, 8, 12, and 24 weeks after ACLR by 
two assessors. Outcome measures were conducted before 
face-to-face guidance for exercise methods at every visit 
in the outpatient clinic.

Demographic characteristics
Participant characteristics (including age, sex, body mass 
index (BMI), comorbidities, physically active (profes-
sional, amateur, or recreational athletes), and history of 
smoking) will be collected 1 week before the trial begins. 
Surgical details (including date, surgical side, American 
Society of Anesthesiologists (ASA) score, graft type, and 
concomitant injuries/procedures) will be recorded from 
the operation document after discharge.

Primary outcome
The primary outcome was the percentage of patients 
who achieve a satisfactory active ROM at the 12 weeks 
following the ACLR. In the first 3 months after ACLR, 
the achievement of acceptable knee active extension and 
flexion was regarded as what matters most for a success-
ful recovery. A good knee active ROM could guarantee 
an expectedly continue improvement [6]. The satisfactory 
active ROM was also collected at 2, 4, 8, and 24 weeks 
after ACLR.

Secondary outcomes
The secondary outcomes were active and passive ROM, 
pain, muscle strength, and function results.

ROM
The active and passive ROM (flexion and extension) of 
the affected side knee were measured with goniometry 
[6, 21].

Pain
The postoperative pain was measured with visual ana-
logue scale (VAS). The VAS scale ranges from 0 to 10 
points, 0 points represent no pain, while 10 points repre-
sent the worst imaginable pain [22, 23].

Muscle strength
The isokinetic concentric strength test at 90°/s was used 
to assess quadriceps and hamstring muscle strength. Iso-
kinetic concentric extenso was the best rated with suf-
ficient intrarater reliability and construct validity for the 
measurement of knee muscle strength [24].
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Function
The self-reported knee-specific function was represented 
by 2000 International Knee Documentation Committee 
(IKDC) subjective knee form, which was widely used to 
access knee symptoms and functions after ACLR [25]. 
Besides, the knee injury and osteoarthritis outcome score 
(KOOS), the Tegner activity scale, and the Lysholm knee 
scoring scale were also used to assess functional out-
comes [23, 26].

Statistical analysis
All the data collect and analyses will be performed by two 
independent researchers who were blinded to the group 
allocation in SPSS 22.0 (IBM, USA) software. Participants 
who dropout or lost to follow-up would be excluded. 
Demographic characteristics and follow-up outcome 
data would be included in the analysis. The independent 
sample t-test or nonparametric analysis would be used 
to evaluate continuous variables, while chi-square test or 
Fisher’s exact test evaluate the categorical variables, and 
repeated-measures ANOVA evaluate the repeated mea-
sures data.Bilateral test was utilized in all the analysis and 
P < 0.05 was regarded as statistically significant.

Ethics and dissemination
The study was approved by the ethics committee of West 
China Hospital of Sichuan University (approval number 
2023−1929, Dec 2023). Before participate recruitment, 
the study was registered in the ClinicalTrials.gov (reg-
istration number NCT06232824, Jan 2024). This study 
complies with the Declaration of Helsinki and written 

informed consent would obtained from each participant 
prior to enrolment. Any important protocol amendments 
will be reported to the ethics committees and Clinical-
Trials.gov. The study findings would be disseminated in 
scientific forums, peer-reviewed publications, and inter-
national conferences. Outcomes would be propagated 
regardless of the magnitude or direction of the impact.

Discussion
The results of the study may demonstrate that multicom-
ponent supervised tele-rehabilitation could accelerate the 
recovery over traditional home-based self-rehabilitation 
following ACLR. Multicomponent supervised tele-reha-
bilitation is expected to relieve pain, improve ROM, mus-
cle strength, and function.

The health care system has undergone significant 
changes due to the profound effects of the COVID-19 
pandemic [27]. The inaccessibility of face-to-face post-
operative rehabilitation during this period has prompted 
the swift emergence of contactless rehabilitation meth-
ods [28].Supervised rehabilitation under the guidance 
of a licensed therapist might prove more efficacious 
than engaging in unsupervised exercise [29]. A retro-
spective cohort study found that telerehabilitation after 
ACLR seems to provide a superior short-term outcome 
compared to hospital-based rehabilitation during the 
COVID-19 pandemic [30].

The purpose of ACLR is to maximize the stability and 
functional capacity of the knee joint, and therefore facili-
tate return to sports [4]. However, approximately 50% 
of individuals with injuries will manifest symptomatic 

Fig. 2  The interface of the HJT software. A: The main page of the HJT software, the timeline of the experiment was also presented in the main page. B: 
The page of the software displays the preoperative education. C-D: The page of the software displays the part of postoperative rehabilitation. E: The page 
of the software displays the interactive real-time communication
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osteoarthritis within a decade, irrespective of whether 
they undergo operative or non-operative treatment [31]. 
Despite the perceived benefits of exercise therapy for 
ACLR, there is a lack of consensus on its optimal com-
ponents [32]. Most trials conducted after ACL injury 
lack individualized interventions, employing the same 
program for all patients, and fail to adequately docu-
ment exercise frequency, intensity, volume, and progres-
sion [33]. Therefore, implementing personalized and 
supervised ACLR rehabilitation is crucial. Technologi-
cal advancements and digital solutions may be consid-
ered promising tools for implementing a comprehensive 
rehabilitation approach for patients after ACLR. Recent 
studies have also confirmed the potential advantages of 
remote rehabilitation in post-ACLR management [34]. In 
the treatment of ACL injuries, rehabilitation assumes a 
pivotal role, yet its implementation prior to or following 
ACLR have not be standardized in a uniform manner due 
to the intricate nature of individual cases in the context 
of modern evidence [35–42].Unlike many tele-rehabil-
itation programs that primarily focus on post-discharge 
follow-up, weconducted a multi-component supervised 
tele-rehabilitation with comprehensive services. We 
offer education, visually guided user interface assistance 
for functional exercises, interactive real-time communi-
cation, and evaluations during both active and passive 
follow-up periods, which offering additional evidence 
supporting a advanced tele-rehabilitation after ACLR.

Figure 1. The flowchart of the whole study.
Figure  2. The interface of the HJT software. A: The 

main page of the HJT software, the timeline of the exper-
iment was also presented in the main page. B: The page 
of the software displays the preoperative education. C-D: 
The page of the software displays the part of postopera-
tive rehabilitation. E: The page of the software displays 
the interactive real-time communication.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13018-024-04871-0.

Supplementary Material 1

Acknowledgements
Ethical approval has been obtained from the West China Hospital Ethics 
Committee (approval number 2023-1929, December 2023). The trial has been 
registered on ClinicalTrials.gov (registration number NCT06232824, January 
2024). Each participant is required to provide informed consent before 
enrolling in the study. The protocol adheres to the 2013 Standard Protocol 
Items: Recommendations for Intervention Trials guidelines. Finally, the 
authors of this manuscript certify that they comply with the ethical guidelines 
for authorship and publishing in the Journal of Orthopaedic Surgery and 
Research.

Author contributions
KXW, LBP, and JL wrote the main manuscript text; MKY and QD prepared 
the ethical approval; KXW and QD registered the trial; and KXW amd MKY 
prepared figures. All authors reviewed the manuscript.

Funding
This study was fund by the Natural Science Foundation of Sichuan Province, 
China (Grant No. 2023NSFSC1754) and 1.3.5 project for disciplines of 
excellence, West China Hospital, Sichuan University (Grant No. ZYGD21005).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Consent to participate
All included patients provided informed consent.

Consent to publish
All authors provided publish consent.

Competing interests
The authors declare no competing interests.

Conflict of interest
On behalf of all authors, the corresponding author states that there is no 
conflict of interest.

Received: 22 March 2024 / Accepted: 24 June 2024

References
1.	 Gianotti SM, Marshall SW, Hume PA, Bunt L. Incidence of anterior cruciate 

ligament injury and other knee ligament injuries: a national population-
based study. J Sci Med Sport. 2009;12:6:622–7. https://doi.org/10.1016/j.
jsams.2008.07.005.

2.	 Beard DJ, Davies L, Cook JA, Stokes J, Leal J, Fletcher H, et al. Rehabilita-
tion versus surgical reconstruction for non-acute anterior cruciate liga-
ment injury (acl snnap): a pragmatic randomised controlled trial. Lancet 
(London England). 2022;400:10352605–15. https://doi.org/10.1016/
s0140-6736(22)01424-6.

3.	 Ardern CL, Österberg A, Tagesson S, Gauffin H, Webster KE, Kvist J. The impact 
of psychological readiness to return to sport and recreational activities after 
anterior cruciate ligament reconstruction. Br J Sports Med. 2014;48(22):1613–
9. https://doi.org/10.1136/bjsports-2014-093842.

4.	 Ardern CL, Webster KE, Taylor NF, Feller JA. Return to the preinjury level of 
competitive sport after anterior cruciate ligament reconstruction surgery: 
two-thirds of patients have not returned by 12 months after surgery. Am J 
Sports Med. 2011;39:3538–43. https://doi.org/10.1177/0363546510384798.

5.	 Andrade R, Pereira R, van Cingel R, Staal JB, Espregueira-Mendes J. How 
should clinicians rehabilitate patients after acl reconstruction? A systematic 
review of clinical practice guidelines (cpgs) with a focus on quality appraisal 
(agree ii). Br J Sports Med. 2020;54(9):512–9. https://doi.org/10.1136/
bjsports-2018-100310.

6.	 Grant JA, Mohtadi NG, Maitland ME, Zernicke RF. Comparison of home versus 
physical therapy-supervised rehabilitation programs after anterior cruciate 
ligament reconstruction: a randomized clinical trial. Am J Sports Med. 
2005;33(9):1288–97. https://doi.org/10.1177/0363546504273051.

7.	 Grant JA, Mohtadi NG. Two- to 4-year follow-up to a comparison of home 
versus physical therapy-supervised rehabilitation programs after anterior cru-
ciate ligament reconstruction. Am J Sports Med. 2010;38(7):1389–94. https://
doi.org/10.1177/0363546509359763.

8.	 Uchino S, Saito H, Okura K, Kitagawa T, Sato S. Effectiveness of a supervised 
rehabilitation compared with a home-based rehabilitation following anterior 
cruciate ligament reconstruction: a systematic review and meta-analysis. 
Phys Therapy Sport: Official J Association Chart Physiotherapists Sports Med. 
2022;55:296–304. https://doi.org/10.1016/j.ptsp.2022.05.010.

9.	 Sonesson S, Kvist J. Rehabilitation after acl injury and reconstruction from 
the patients’ perspective. Phys Therapy Sport: Official J Association Chart 
Physiotherapists Sports Med. 2022;53:158–65. https://doi.org/10.1016/j.
ptsp.2021.10.001.

10.	 Zampolini M, Todeschini E, Bernabeu Guitart M, Hermens H, Ilsbroukx S, 
Macellari V, et al. Tele-rehabilitation: Present and future. Annali dell’Istituto 
Superiore Di Sanita. 2008;44:2125–34.

https://doi.org/10.1186/s13018-024-04871-0
https://doi.org/10.1186/s13018-024-04871-0
https://doi.org/10.1016/j.jsams.2008.07.005
https://doi.org/10.1016/j.jsams.2008.07.005
https://doi.org/10.1016/s0140-6736(22)01424-6
https://doi.org/10.1016/s0140-6736(22)01424-6
https://doi.org/10.1136/bjsports-2014-093842
https://doi.org/10.1177/0363546510384798
https://doi.org/10.1136/bjsports-2018-100310
https://doi.org/10.1136/bjsports-2018-100310
https://doi.org/10.1177/0363546504273051
https://doi.org/10.1177/0363546509359763
https://doi.org/10.1177/0363546509359763
https://doi.org/10.1016/j.ptsp.2022.05.010
https://doi.org/10.1016/j.ptsp.2021.10.001
https://doi.org/10.1016/j.ptsp.2021.10.001


Page 8 of 8Wang et al. Journal of Orthopaedic Surgery and Research          (2024) 19:381 

11.	 Werneke MW, Deutscher D, Grigsby D, Tucker CA, Mioduski JE, Hayes D. 
Telerehabilitation during the covid-19 pandemic in outpatient rehabilitation 
settings: a descriptive study. Phys Ther. 2021;101:7. https://doi.org/10.1093/
ptj/pzab110.

12.	 Jiang S, Xiang J, Gao X, Guo K, Liu B. The comparison of telerehabilitation and 
face-to-face rehabilitation after total knee arthroplasty: a systematic review 
and meta-analysis. J Telemed Telecare. 2018;24:4257–62. https://doi.org/10.11
77/1357633x16686748.

13.	 Phuphanich ME, Sinha KR, Truong M, Pham QG. Telemedicine for muscu-
loskeletal rehabilitation and orthopedic postoperative rehabilitation. Phys 
Med Rehabil Clin North Am. 2021;32:2319–53. https://doi.org/10.1016/j.
pmr.2020.12.004.

14.	 Guo Y, Li D, Wu YB, Sun X, Sun XY, Yang YP. Mobile health-based home 
rehabilitation education improving early outcomes after anterior cruciate 
ligament reconstruction: a randomized controlled clinical trial. Front Public 
Health. 2022;10:1042167. https://doi.org/10.3389/fpubh.2022.1042167.

15.	 Higgins J, Chang J, Hoit G, Chahal J, Dwyer T, Theodoropoulos J. Conventional 
follow-up versus mobile application home monitoring for postoperative 
anterior cruciate ligament reconstruction patients: a randomized controlled 
trial. Arthroscopy: J Arthroscopic Relat Surg : Official Publication Arthrosc 
Association North Am Int Arthrosc Association. 2020;36:71906–16. https://
doi.org/10.1016/j.arthro.2020.02.045.

16.	 Lee ASY, Yung PS, Mok KM, Hagger MS, Chan DKC. Psychological processes of 
acl-patients’ post-surgery rehabilitation: A prospective test of an integrated 
theoretical model. Social science & medicine (1982) 2020;244:112646 https://
doi.org/10.1016/j.socscimed.2019.112646.

17.	 Schenck RC Jr., Blaschak MJ, Lance ED, Turturro TC, Holmes CF. A prospective 
outcome study of rehabilitation programs and anterior cruciate ligament 
reconstruction. Arthroscopy: J Arthroscopic Relat Surg : Official Publication 
Arthrosc Association North Am Int Arthrosc Association. 1997;13:3285–90. 
https://doi.org/10.1016/s0749-8063(97)90022-0.

18.	 Culvenor AG, West TJ, Bruder AM, Scholes MJ, Barton CJ, Roos EM, et al. Super-
vised exercise-therapy and patient education rehabilitation (super) versus 
minimal intervention for young adults at risk of knee osteoarthritis after acl 
reconstruction: Super-knee randomised controlled trial protocol. BMJ open. 
2023;13:1e068279. https://doi.org/10.1136/bmjopen-2022-068279.

19.	 Kotsifaki R, Korakakis V, King E, Barbosa O, Maree D, Pantouveris M, et al. Aspe-
tar clinical practice guideline on rehabilitation after anterior cruciate ligament 
reconstruction. Br J Sports Med. 2023;57(9):500–14. https://doi.org/10.1136/
bjsports-2022-106158.

20.	 Buckthorpe M, Gokeler A, Herrington L, Hughes M, Grassi A, Wadey R, et 
al. Optimising the early-stage rehabilitation process post-acl reconstruc-
tion. Sports Med (Auckland NZ). 2024;54(1):49–72. https://doi.org/10.1007/
s40279-023-01934-w.

21.	 Firat A, Catma F, Tunc B, Hacihafizoglu C, Altay M, Bozkurt M, et al. The attic of 
the femoral tunnel in anterior cruciate ligament reconstruction: a compari-
son of outcomes of two suspensory femoral fixation systems. Knee surgery, 
sports traumatology, arthroscopy. Official J ESSKA. 2014;22:51097–105. 
https://doi.org/10.1007/s00167-013-2486-z.

22.	 Baltaci G, Ozunlu Pekyavas N, Atay OA. Short-time effect of sterile kinesio 
tape applied during anterior cruciate ligament reconstruction on edema, 
pain and range of motion. Res Sports Med. 2021;1–12. https://doi.org/10.108
0/15438627.2021.2010203.

23.	 Kuliński K, Waśko MK, Tramś E, Malesa K, Pomianowski S, Kamiński R. Anterior 
cruciate ligament reconstruction using a 4-strand semitendinosus tendon 
graft or a doubled Semitendinosus and Gracilis tendon graft: a 4.5-year pro-
spective, randomized, double-blind, parallel-group study. Am J Sports Med. 
2023;51:3615–26. https://doi.org/10.1177/03635465221149738.

24.	 Urhausen AP, Berg B, Øiestad BE, Whittaker JL, Culvenor AG, Crossley KM, et al. 
Measurement properties for muscle strength tests following anterior cruciate 
ligament and/or meniscus injury: what tests to use and where do we need to 
go? A systematic review with meta-analyses for the optiknee consensus. Br J 
Sports Med. 2022;56:24. https://doi.org/10.1136/bjsports-2022-105498.

25.	 Chmielewski TL, George SZ, Tillman SM, Moser MW, Lentz TA, Indelicato PA, et 
al. Low- versus high-intensity plyometric exercise during rehabilitation after 
anterior cruciate ligament reconstruction. Am J Sports Med. 2016;44:3609–
17. https://doi.org/10.1177/0363546515620583.

26.	 Niederer D, Keller M, Achtnich A, Akoto R, Ateschrang A, Banzer W, et al. 
Effectiveness of a home-based re-injury prevention program on motor 

control, return to sport and recurrence rates after anterior cruciate ligament 
reconstruction: study protocol for a multicenter, single-blind, random-
ized controlled trial (prep). Trials. 2019;20:1495. https://doi.org/10.1186/
s13063-019-3610-2.

27.	 Jiang N, Liu YN, Bao J, Li R, Ni WT, Tan XY, et al. Clinical features and risk 
factors associated with severe covid-19 patients in China. Chin Med J. 
2021;134:8944–53. https://doi.org/10.1097/cm9.0000000000001466.

28.	 Peng L, Zeng Y, Wu Y, Si H, Shen B. Virtual reality-based rehabilitation in 
patients following total knee arthroplasty: a systematic review and meta-
analysis of randomized controlled trials. Chin Med J. 2021;135:2153–63. 
https://doi.org/10.1097/cm9.0000000000001847.

29.	 Glattke KE, Tummala SV, Chhabra A. Anterior cruciate ligament reconstruc-
tion recovery and rehabilitation: a systematic review. J bone Joint Surg Am 
Volume. 2022;104:8739–54. https://doi.org/10.2106/jbjs.21.00688.

30.	 Liao WJ, Lee KT, Chiang LY, Liang CH, Chen CP. Postoperative rehabilitation 
after anterior cruciate ligament reconstruction through telerehabilitation 
with artificial intelligence brace during covid-19 pandemic. J Clin Med. 
2023;12:14. https://doi.org/10.3390/jcm12144865.

31.	 Poulsen E, Goncalves GH, Bricca A, Roos EM, Thorlund JB, Juhl CB. Knee osteo-
arthritis risk is increased 4–6 fold after knee injury - a systematic review and 
meta-analysis. Br J Sports Med. 2019;53(23):1454–63. https://doi.org/10.1136/
bjsports-2018-100022.

32.	 Culvenor AG, Girdwood MA, Juhl CB, Patterson BE, Haberfield MJ, Holm 
PM, et al. Rehabilitation after anterior cruciate ligament and meniscal 
injuries: a best-evidence synthesis of systematic reviews for the optiknee 
consensus. Br J Sports Med. 2022;56(24):1445–53. https://doi.org/10.1136/
bjsports-2022-105495.

33.	 Augustsson J. Documentation of strength training for research purposes after 
acl reconstruction. Knee surgery, sports traumatology, arthroscopy: official. J 
ESSKA. 2013;21:8:1849–55. https://doi.org/10.1007/s00167-012-2167-3.

34.	 Marotta N, de Sire A, Calafiore D, Agostini F, Lippi L, Curci C, et al. Impact of 
covid-19 era on the anterior cruciate ligament injury rehabilitation: a scoping 
review. J Clin Med. 2023;12:17. https://doi.org/10.3390/jcm12175655.

35.	 Jebreen M, Maffulli N, Migliorini F, Arumugam A. Known-group validity of 
passive knee joint position sense: a comparison between individuals with 
unilateral anterior cruciate ligament reconstruction and healthy controls. J 
Orthop Surg Res. 2023;18:1525. https://doi.org/10.1186/s13018-023-03996-y.

36.	 Kakavas G, Malliaropoulos N, Bikos G, Pruna R, Valle X, Tsaklis P, et al. Periodiza-
tion in anterior cruciate ligament rehabilitation: a novel framework. Medical 
principles and practice: international journal of the Kuwait University. Health 
Sci Centre. 2021;30(2):101–8. https://doi.org/10.1159/000511228.

37.	 Kakavas G, Malliaropoulos N, Pruna R, Traster D, Bikos G, Maffulli N. Neuroplas-
ticity and anterior cruciate ligament injury. Indian J Orthop. 2020;54. https://
doi.org/10.1007/s43465-020-00045-2. :3:275 – 80.

38.	 Maffulli N, King JB. Anterior cruciate ligament injury. Br J Sports Med. 
1998;32:3.

39.	 Maffulli N, Oliva F. Coper classification early after acl rupture changes with 
progressive neuromuscular and strength training and is associated with 
2-year success: letter to the editor. Am J Sports Med. 2019;47(11):Np64–5. 
https://doi.org/10.1177/0363546519863310.

40.	 Maffulli N, Osti L. Acl stability, function, and arthritis: what have 
we been missing? Orthopedics. 2013;36:290–2. https://doi.
org/10.3928/01477447-20130122-02.

41.	 Papalia R, Franceschi F, Tecame A, D’Adamio S, Maffulli N, Denaro V. Anterior 
cruciate ligament reconstruction and return to sport activity: postural control 
as the key to success. Int Orthop. 2015;39:3527–34. https://doi.org/10.1007/
s00264-014-2513-9.

42.	 Piedade SR, Leite Arruda BP, de Vasconcelos RA, Parker DA, Maffulli N. 
Rehabilitation following surgical reconstruction for anterior cruciate liga-
ment insufficiency: what has changed since the 1960s?-state of the art. J 
ISAKOS: Joint Disorders Orthop Sports Med. 2023;8:3153–62. https://doi.
org/10.1016/j.jisako.2022.10.001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1093/ptj/pzab110
https://doi.org/10.1093/ptj/pzab110
https://doi.org/10.1177/1357633x16686748
https://doi.org/10.1177/1357633x16686748
https://doi.org/10.1016/j.pmr.2020.12.004
https://doi.org/10.1016/j.pmr.2020.12.004
https://doi.org/10.3389/fpubh.2022.1042167
https://doi.org/10.1016/j.arthro.2020.02.045
https://doi.org/10.1016/j.arthro.2020.02.045
https://doi.org/10.1016/j.socscimed.2019.112646
https://doi.org/10.1016/j.socscimed.2019.112646
https://doi.org/10.1016/s0749-8063(97)90022-0
https://doi.org/10.1136/bmjopen-2022-068279
https://doi.org/10.1136/bjsports-2022-106158
https://doi.org/10.1136/bjsports-2022-106158
https://doi.org/10.1007/s40279-023-01934-w
https://doi.org/10.1007/s40279-023-01934-w
https://doi.org/10.1007/s00167-013-2486-z
https://doi.org/10.1080/15438627.2021.2010203
https://doi.org/10.1080/15438627.2021.2010203
https://doi.org/10.1177/03635465221149738
https://doi.org/10.1136/bjsports-2022-105498
https://doi.org/10.1177/0363546515620583
https://doi.org/10.1186/s13063-019-3610-2
https://doi.org/10.1186/s13063-019-3610-2
https://doi.org/10.1097/cm9.0000000000001466
https://doi.org/10.1097/cm9.0000000000001847
https://doi.org/10.2106/jbjs.21.00688
https://doi.org/10.3390/jcm12144865
https://doi.org/10.1136/bjsports-2018-100022
https://doi.org/10.1136/bjsports-2018-100022
https://doi.org/10.1136/bjsports-2022-105495
https://doi.org/10.1136/bjsports-2022-105495
https://doi.org/10.1007/s00167-012-2167-3
https://doi.org/10.3390/jcm12175655
https://doi.org/10.1186/s13018-023-03996-y
https://doi.org/10.1159/000511228
https://doi.org/10.1007/s43465-020-00045-2
https://doi.org/10.1007/s43465-020-00045-2
https://doi.org/10.1177/0363546519863310
https://doi.org/10.3928/01477447-20130122-02
https://doi.org/10.3928/01477447-20130122-02
https://doi.org/10.1007/s00264-014-2513-9
https://doi.org/10.1007/s00264-014-2513-9
https://doi.org/10.1016/j.jisako.2022.10.001
https://doi.org/10.1016/j.jisako.2022.10.001

	﻿Multicomponent supervised tele-rehabilitation versus home-based self-rehabilitation management after anterior cruciate ligament reconstruction: a study protocol for a randomized controlled trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Participants
	﻿Sample size determination
	﻿Randomization procedure and blinding
	﻿Experimental procedure
	﻿Intervention
	﻿Phase 1 (0–2 weeks)
	﻿Phase 2 (3–4 weeks)
	﻿Phase 3 (5–8 weeks)
	﻿Phase 4 (9–12 weeks)
	﻿Phase 5 (after 13 weeks)
	﻿Control
	﻿Outcome measures
	﻿Demographic characteristics
	﻿Primary outcome
	﻿Secondary outcomes
	﻿ROM
	﻿Pain
	﻿Muscle strength
	﻿Function
	﻿Statistical analysis
	﻿Ethics and dissemination

	﻿Discussion
	﻿References


