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Abstract
Background. Only 65% of people recover a level of sport equivalent to that before after anterior cruciate
ligament (ACL) surgery. Persisting apprehension may in part explain this observation. We aimed to
describe characteristics of people with ACL-Return to Sport after Injury (RSI) scores ≥ 60/100 (low
apprehension) at 6 months after injury and to identify variables independently associated with low
apprehension at 6 months.

Methods. We conducted a single-center retrospective study. People who had surgery for an ACL rupture
and who participated in an outpatient post-operative rehabilitation program were included consecutively.
The ACL-RSI questionnaire was self-administered at 6 months after injury. Baseline characteristics of
people with ACL-RSI scores ≥ 60/100 and < 60/100 were described. Multiple logistic regression was
performed to identify baseline variables associated with low apprehension at 6 months.

Results. We included 37 participants: 13/37 (35.1%) were women and mean age was 27.2 (9.2) years. At
6 months, 21/37 (56.8%) had an ACL-RSI score ≥ 60/100. Participants who had an ACL-RSI score ≥
60/100 more often received a preoperative rehabilitation (16/21 [76.2%] vs 5/16 [31.2%]), and had less
often knee pain (7/21 [33.3%] vs 7/16 [43.7%]) and effusion (5/21 [23.8%] vs 8/16 [50.0%]) at 1 month
after surgery, than participants who had an ACL-RSI score < 60/100. In the multivariate analysis,
preoperative rehabilitation was associated with low apprehension at 6 months (OR [95% CI]=0.107 [0.023
to 0.488], p=0.002).

Conclusions. Preoperative rehabilitation is independently associated with low apprehension at 6 months.

Trial registration. Not applicable.

Background
Rupture of the anterior cruciate ligament (ACL) is the most frequent knee ligament injury. Its surgical
management has increased over the last decade [1]. Approximately 65% of people recover a level of sport
equivalent to that before 2 years post-operatively [2]. The ACL-Return to Sport after Injury (RSI) is a self-
administered questionnaire, validated in 2008, specifically designed to quantify the apprehension to
return to sport after ACL injury (0=maximal apprehension and 100=no apprehension) [3, 4]. An ACL-RSI
score ≥ 60/100 at 6 months after injury correlates with a higher rate of returning to sport at 2 years after
injury [5]. Therefore, ACL-RSI score at 6 months after injury could be considered as an interim outcome of
returning to sport in the long term after ACL injury.

However, determinants of an ACL-RSI score ≥ 60/100 at 6 months after injury have been scarcely
explored. In the present study, we aimed to describe characteristics of people with scores ≥ 60/100 and <
60/100 at 6 months after surgery and to identify variables independently associated with an ACL RSI <
60/100 score at 6 months.
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Methods
Design. We conducted an exploratory observational retrospective single-centered study. Our study is
reported in accordance with the The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement [6] (Supplement 1).

Participants. Operated people fulfilling inclusion criteria and participating in the outpatient post-operative
rehabilitation program at the rehabilitation center of Villiers-sur-Marne (France), from May 2018 to August
2019, were consecutively included. Inclusion criteria were age greater than 15 years, time elapsed
between knee surgery and participation in the rehabilitation program less than 8 days, ACL rupture, either
isolated or with meniscal involvement. Non-inclusion criteria were associated posterior cruciate ligament
or medial collateral ligament injuries and insufficient proficiency in French. All included patients were
operated.

Interventions. The outpatient program was conducted for 6 weeks at the rehabilitation center by
experienced physiotherapists in accordance with the 2008 French Haute Autorité de Santé
recommendations [1]. Briefly, in the first 3 weeks of the program, patients aim to achieve active locking in
extension and 60-90° flexion of the knee. In the next 3 weeks, they aim to achieve 120° of flexion and a
dry and painfree knee. To this end, patients had four 45-minute sessions of physiotherapy per week
including passive knee mobilisation, closed chain muscular stabilization exercises and proprioception
exercises in bipodal then unipodal support, on stable then unstable planes. Water-based exercise therapy
was allowed after complete skin healing. At discharge, patients were referred to an outpatient
physiotherapist for 2 to 3 sessions a week. The content of the outpatient physiotherapy sessions was left
at the discretion of the physiotherapist. Patients received information about the gestures to be avoided
(e.g. open chain, torsion). Physiotherapists instructed participants to perform home-based exercises
including isometric quadriceps contractions and knee flexions during the first two weeks. Returning to
sport was not allowed.

Outcomes. Baseline variables were collected by the same physician (AM) during a medical interview and
extracted from medical records. The ACL-RSI questionnaire was self-administered at the 6-month face-to-
face follow-up visit with the physiotherapist of the center. If the patient could not attend the 6-month face-
to-face visit, he was contacted by the investigator by phone or email and invited to complete and return
the ACL-RSI questionnaire by mail or email.

Statistical analyses. Baseline characteristics were described with absolute and relative frequencies (n [%])
for categorical data and means (SD) for continuous data. Because our sample size was small and the
risk of biases related to our retrospective design was high, we stuck to descriptive analyses and purposely
did not prespecify nor perform any comparative analyses. To identify variables independently associated
with an ACL-RSI score < 60/100 at 6 months after surgery, we performed a multiple logistic regression
(MYSTAT 12 v12.02.00). We entered 2 baseline variables selected for their clinical relevance: preoperative
rehabilitation (i.e. patient self-reporting having received outpatient physiotherapy sessions) and a
maximum force deficit in knee extension greater than 20% compared to the healthy side, when measured
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isokinetically at a speed of 60°/sec at 6 months postoperatively. Variables were further selected by
automatic backward stepwise regression, with p=0.15 to enter in the model and p < 0.05 to stay in the
final model.

Ethical consideration. Informed consent was obtained for all patients. Our Institutional Review Board
(Comité des Recherches non CPP, CERAPHP Centre) confirmed on September 11, 2020, that our study did
not fall under the Jardé Law, because our data were retrospectively collected. Therefore, an ethical
approval was not necessary.

Results
Participants. Overall, 37 patients met inclusion criteria and were consecutively included: 13/37 (35%)
patients were women, 21/37 (57%) had preoperative rehabilitation, mean age was 27.2 (9.2) years and
mean time elapsed between ACL rupture and surgery was 38.9 (45.9) weeks (Table 1).
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Table 1
Participants’ demographics (N=37)

Age (years), mean (SD) 27.2 (9.2)

Females, n (%) 13 (35)

Body mass indexa (kg/m2), mean (SD) 23.8 (2.8)

Time elapsed between trauma and surgeryb (weeks), mean (SD) 38.9 (45.9)

Preoperative rehabilitation, n (%) 21 (57)

Professional status, n (%)

• Professional athletes 3 (8)

• High school students 7 (19)

• Employed 26 (70)

• Unemployed 1 (3)

Level of sportc, n (%)

• Professional 3 (8)

• Competition 18 (49)

• Leisure 15 (40)

Type of sport, n (%)

• Handball 7 (19)

• Football 8 (22)

• Martial arts 3 (8)

• Ski 3 (8)

• Racket sport 3 (8)

• Other 11 (30)

• Traffic accident/work injury 2 (5)

Surgery, n (%)

• Isolated anterior cruciate ligament reconstruction 26 (70)

• Partial meniscectomy 10 (27)

• Meniscal suture 1 (3)

Surgical technique, n (%)
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Age (years), mean (SD) 27.2 (9.2)

• Semitendinosus and gracilis construct 22 (59)

• DT4 8 (22)

• Mac Intosh 1 (3)

• Kenneth Jones 6 (16)

• Lemaire 6 (16)

n=number; SD=standard deviation

an=36; bn=34; cn=36

 

ACL-RSI score. At 6 months after injury, 21/37 (57%) patients had an ACL-RSI score ≥ 60/100 (low
apprehension). Patients who had an ACL-RSI score ≥ 60/100 more often received preoperative
rehabilitation (16/21 [76%] vs 5/16 [31%]), were younger (26.3 [9.3] vs 28.2 [9.3] years), had less often
knee pain (7/21 [33%] vs 7/16 [44%] and less often knee joint effusion (4/21 [19%] vs 8/16 [50%]) at 1
month after surgery, than patients who had an ACL-RSI score < 60/100 (high apprehension) at 6 months
after injury. They were also more often "competition" sportsmen and women (11 [52%] vs 7 [44%]) (Table
2).



Page 7/11

Table 2
Characteristics of participants with and without apprehension at 6 months.

  ACL-RSI ≥ 60
(n=21)

ACL-RSI < 60
(n=16)

Age (years), mean (SD) 26.3 (9.3) 28.2 (9.3)

Females, n (%) 5 (24) 8 (50)

Body mass indexa (kg/m2), mean (SD) 24 (4.1) 23.6 (3.2)

Time elapsed between trauma and surgeryb (weeks),
mean (SD)

52.5 (171.6) 19.4 (17.3)

Preoperative rehabilitation, n (%) 16 (76) 5 (31)

Professional status, n (%)

• Professional athlete 2 (9) 1 (6)

• High school student 4 (19) 3 (19)

• Employed 15 (71) 11 (69)

• Unemployed 0 (0) 1 (6)

Level of sportc, n (%)

• Professional 2 (9) 1 (6)

• Competition 11 (52) 7 (44)

• Leisure 7 (33) 8 (50)

Surgery, n (%)

• Isolated anterior cruciate ligament reconstruction 15 (71) 11 (69)

• Partial meniscectomy 5 (24) 4 (25)

• Meniscal suture 1 (0) 0 (0)

Surgical technique, n (%)

• Semitendinosus and gracilis construct 12 (57) 10 (62)

• DT4 6 (29) 2 (12)

• Kenneth Jones 2 (9) 4 (25)

• Mac Intosh 1 (5) 0 (0)

• Lemaire 4 (19) 2 (12)

Complicationsat 1 month after surgery
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  ACL-RSI ≥ 60
(n=21)

ACL-RSI < 60
(n=16)

• Knee pain (yes), n (%) 7 (33) 7 (44)

• Knee effusion (yes), n (%) 4 (19) 8 (50)

• Amyotrophy (yes), n (%) 15 (71) 10 (62)

• Thigh amyotrophy (cm), mean (SD) 2.9 (1) 2.7 (1)

Quadriceps strength deficit at 6 months after surgery d, mean (SD)

• Isokinetic test at 90°.s-1 (%) 19.6 (11) 33.4 (23)

• Isokinetic test at 60°.s-1 (%)d 19.0 (8) 30.8 (21)

n=number; SD=standard deviation

an=36; bn=34; cn=36; dn=33

 

Variables associated with ACL-RSI score. In the final multivariate model, preoperative rehabilitation was
the variable significantly inversely associated with an ACL-RSI score < 60/100 (high apprehension) at 6
months after surgery (Odds Ratio [95% CI]=0.107 [0.023 to 0.488], p=0.002).

Discussion
In the present study, we found that baseline characteristics of patients with low apprehension at 6
months after ACL injury differed from those with high apprehension.

Overall, patients with an ACL-RSI score ≥ 60/100 (low apprehension) at 6 months after injury were
younger and had less often post-operative knee pain and knee joint effusion than those with an ACL-RSI
score < 60/100. Our results were consistent with those of Webster and colleagues, who found a positive
effect of younger age and post-operative International Knee Documentation Committee score on the
psychological readiness to return to sport [7]. In our study, we observed that nearly half (49%) of the
participants were "competitive" athletes, compared to 40% in the study by Sadeqi et al. In addition, 66%
practiced a pivot or contact pivot sport compared to 84% in this same study. Finally, concerning the types
of surgical procedures, hamstring grafts (ST-G, T4D) represented 81% of the procedures in our study
versus 88% in Sadeqi et al.

In our study, 21/37 (57%) patients received preoperative rehabilitation. We found that 2/3 (67%)
professional sportsmen and women had preoperative rehabilitation, 10/18 (55%) “competition”
sportsmen and women, but only 4/16 (25%) “leisure” sportsmen and sportswomen. Several reasons may
explain our observation: surgeons and physicians may have had different prescription habits,
preoperative rehabilitation protocols could have differed depending on the profile of the referred patient,
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and surgeons and physicians could have selected patients to preoperative rehabilitation based on their
level of sport.

In multivariate analysis, preoperative rehabilitation was associated with ACL-RSI score at 6 months after
injury. In the present study, preoperative rehabilitation was not standardized. Rehabilitation programs
usually include muscle strengthening (quadriceps/hamstring) and proprioception exercises [8]. These
practices stem from the fact that the strength of the quadriceps/hamstring pair in preoperative care is
associated with better knee function at 6 months after surgery [9]. There are no recommendations on the
optimal duration, intensity, frequency and mode of delivery of preoperative rehabilitation sessions before
ACL surgery. A study of non-superiority did not show any benefits in continuing rehabilitation beyond 10
weeks [10].

Our study has limitations. Firstly, one of the main limitations was the use of different surgical techniques
with also different surgeons and the practice of very different sports. Secondly, prescription habits of
preoperative rehabilitation could have differed between surgeons and one cannot exclude that an
operator effect may have influenced the ACL-RSI score at 6 months. Thirdly, outpatient physiotherapy
between 6 weeks and 6 months post-operatively was also left at the discretion of the physiotherapist and
was not standardized. Lastly, that some participants, contrary to others, could have received home-based
exercises and/or suitable physical activity in addition to the supervised sessions, could also have
influenced the ACL-RSI score at 6 months. However, the retrospective and exploratory design of our study
did not allow us to comprehensively collect these data and to include them in the analyses. Finally, our
small sample size did not allow us to perform robust multivariate modelling.

Conclusions
Patients with low apprehension at 6 months after ACL injury differ from those with persisting
apprehension. Our exploratory findings support further research to assess the effectiveness of
preoperative rehabilitation to enhance psychological readiness to return to sport after reconstruction of
the ACL.

Abbreviations
ACL: anterior cruciate ligament

RSI: Return to Sport after Injury

SD: standard deviation

STROBE: Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

Declarations
Ethics approval and consent to participate. Informed consent was obtained for all patients. Our
Institutional Review Board (Comité des Recherches non CPP, CERAPHP Centre) confirmed on September



Page 10/11

11, 2020, that our study did not fall under the Jardé Law, because our data were retrospectively collected.
Therefore, an ethical approval was not necessary.

Consent for publication. Not applicable.

Availability of data and materials. The full original protocol and dataset can be accessed by academic
researchers by contacting Prof. Christelle Nguyen (christelle.nguyen2@aphp.fr).

Competing interests. The authors declare that they have no competing interests.

Funding. None to declare.

Authors' contributions.

Conception and design of the study. AM, MMLC, CN.

Drafting of the original protocol. AM.

Coordination of the study. AM.

Acquisition of data. AM, AA, ML.

Design of the statistical analysis plan. AM, CN.

Analysis and interpretation of the data. AM, MMLC, CN.

Drafting of the present manuscript. AM, MMLC, CN.

Reviewing and providing comments on manuscript. AA, ML, FR.

Final approval. AM, AA, ML, FR, MMLC, CN.

Acknowledgements. Not applicable.

References
1. Haute Autorité de Santé. Critères de suivi en rééducation et d’orientation en ambulatoire ou en SSR.

Après ligamentoplastie du croisé antérieur du genou (2008). Recommandations professionnelles

2. Ardern CL, Taylor NF, Feller JA, Webster KE (2014) Fifty-five per cent return to competitive sport
following anterior cruciate ligament reconstruction surgery: an updated systematic review and meta-
analysis including aspects of physical functioning and contextual factors. Br J Sports Med 48
(21):1543-1552. doi:10.1136/bjsports-2013-093398

3. Bohu Y, Klouche S, Lefèvre N, Webster K, Herman S (2015) Translation, cross-cultural adaptation and
validation of the French version of the Anterior Cruciate Ligament-Return to Sport after Injury (ACL-
RSI) scale. Knee Surg Sports Traumatol Arthrosc 23 (4):1192-1196. doi:10.1007/s00167-014-2942-4



Page 11/11

4. Webster KE, Feller JA, Lambros C (2008) Development and preliminary validation of a scale to
measure the psychological impact of returning to sport following anterior cruciate ligament
reconstruction surgery. Phys Ther Sport 9 (1):9-15. doi:10.1016/j.ptsp.2007.09.003

5. Sadeqi M, Klouche S, Bohu Y, Herman S, Lefèvre N, Gerometta A (2018) Progression of the
Psychological ACL-RSI Score and Return to Sport After Anterior Cruciate Ligament Reconstruction: A
Prospective 2-Year Follow-up Study From the French Prospective Anterior Cruciate Ligament
Reconstruction Cohort Study (FAST). Orthop J Sports Med 6 (12):2325967118812819.
doi:10.1177/2325967118812819

6. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, Initiative S (2007) The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet 370 (9596):1453-1457. doi:10.1016/S0140-
6736(07)61602-X

7. Webster KE, Nagelli CV, Hewett TE, Feller JA (2018) Factors Associated With Psychological
Readiness to Return to Sport After Anterior Cruciate Ligament Reconstruction Surgery. Am J Sports
Med 46 (7):1545-1550. doi:10.1177/0363546518773757

8. Alshewaier S, Yeowell G, Fatoye F (2017) The effectiveness of pre-operative exercise physiotherapy
rehabilitation on the outcomes of treatment following anterior cruciate ligament injury: a systematic
review. Clin Rehabil 31 (1):34-44. doi:10.1177/0269215516628617

9. Logerstedt D, Lynch A, Axe MJ, Snyder-Mackler L (2013) Pre-operative quadriceps strength predicts
IKDC2000 scores 6 months after anterior cruciate ligament reconstruction. Knee 20 (3):208-212.
doi:10.1016/j.knee.2012.07.011

10. Frobell RB, Roos EM, Roos HP, Ranstam J, Lohmander LS (2010) A randomized trial of treatment for
acute anterior cruciate ligament tears. N Engl J Med 363 (4):331-342. doi:10.1056/NEJMoa0907797

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

3Reportingchecklist.docx

https://assets.researchsquare.com/files/rs-954198/v1/3146e72a2aa50a51978986ab.docx

