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Abstract
Background:

Recent studies have suggested that psychological factors are important components of successful return
to sports (RTS) after anterior cruciate ligament reconstruction (ACLR). The purpose of this study was to
survey physicians on their criteria used to determine readiness to RTS after ACLR and understand the
signi�cance of psychological factors on RTS.

Methods:

A survey was designed to understand the practices of clinicians managing rehabilitation after ACLR
consisting of 25 questions divided in 3 different sections, including one section about psychological
scores and factors affecting RTS. The survey was delivered to three North-American orthopaedic sports
medicine organizations.

Results:

The total number of respondents was 113. 95% of respondents considered psychological tests at least
“somewhat important” (33% “important”, 23% selected “very important”). Routine use of psychological
tests in practice was only reported by 35% of respondents. The ACL-Return to Sport after Injury Scale was
the most frequently used psychological test (23%). Fear of reinjury was considered the most common
patient-cited psychological factor affecting RTS. Psychological factors ranked 8th out of 9 outcomes
measures in determining readiness to RTS.

Conclusion:

This study demonstrates a discrepancy between the importance of psychological tests and the frequency
of use in practice. Additional education on this topic, web-based applications and a multidisciplinary
approach may increase the usage of psychological tests to determine RTS after ACLR. 

Introduction
Anterior cruciate ligament (ACL) ruptures are disabling injuries of the knee that compromise mechanical
stability and alter joint biomechanics [1]. These changes lead to considerable functional de�ciencies and
signi�cant time off from sport [12]. The ACL is the most commonly injured ligament in the knee and
although an exact number is unknown, it is estimated that a rupture occurs in 1/3500 individuals per year
within the United States and around 125 000–200 000 ACL reconstructions (ACLR) are performed
annually [8, 9]. Lyman et al. [28] reported steady increases in the rate of ACLR frequency, which may
coincide with increases in both recreational and competitive sports participation [28, 30].

Over the last few years, there has been a large interest in proposing criteria designed to successfully
determine readiness to return to sports (RTS) after ACLR [39]. Recent meta-analyses and systematic
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reviews have reported that the overwhelming majority of physicians use a large variety of different
functional and objective measures as their RTS criteria [9, 11, 39]. However, at 1 year following ACLR,
approximately only 1/3 of athletes RTS at their preinjury level and all patients after ACLR seemed at an
increased risk for a second ACL injury [6, 7].

Generally, RTS criteria include subjective and objective criteria as well as test batteries that athletes must
satisfy in their �nal stages of rehabilitation to be cleared for competition [16]. Despite the attention RTS
has received there is currently no gold standard in criteria to determine RTS [9, 11, 39]; and the validity of
many of the tests remains unknown [15]. A prospective study following 158 professional soccer players
who were cleared for competition after ACLR found that those who were unable to pass a RTS test
battery had a 4x greater likelihood of a secondary ACL injury. However, 12 of 26 who later suffered a
second ACL injury did pass the RTS test battery [24]. Furthermore, a recent meta-analysis of 18 studies
including a variety of RTS test batteries such as functional measures, strength assessment and clinical
examination determined that few athletes successfully pass RTS criteria and that there is little evidence
that passing RTS criteria reduces the risk of ACL injuries [39].

Low RTS rates after ACLR may indicate that other factors may be involved in optimal recovery and
assessment of an athlete’s rehabilitation status. This discrepancy has prompted a growing body of
literature demonstrating the importance of psychological factors in successful RTS [2, 5, 22, 23, 25, 27,
36]. The most frequently cited reason for failing to RTS following ACLR is fear of reinjury, a phenomenon
not readily observed with current objectively based measures [3, 5]. However, there is evidence that
psychological readiness and particularly fear of reinjury can be modi�ed, once identi�ed, with appropriate
intervention [2]. Despite these positive �ndings, it is unknown if psychological tests are currently routinely
used to determine RTS after ACLR [9, 11].

The purpose of this study was to survey the importance of psychological measures used to determine
RTS after ACLR. Furthermore, we were interested in the criteria that are used at present by healthcare
providers to determine readiness to RTS after ACLR. We hypothesize that most physicians acknowledge
the importance of psychological measures to determine RTS after ACLR; however, we believe that only a
small proportion actually use them.

Methods
A team of fellowship trained orthopaedic sports medicine surgeons, all experienced in managing patients
with ACLR, collaborated to develop an electronic survey. The initial phase of development consisted of a
literature search to identify outcome and psychological measures, as well as objective criteria commonly
used by healthcare professionals to determine readiness to RTS after ACLR. All references were reviewed
by the development team and a preliminary questionnaire was built guided by previously published
reports and clinical expertise. Next, the survey was tested among the development team for format,
inclusion of content, clarity and functionality. Finally, we performed pilot testing among a group of
orthopaedic surgeons. All suggestions from this pilot testing were considered and modi�cations to the
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survey were made. The �nal survey consisted of 25 questions divided in 3 different sections: i) clinician
demographics and practice information ii) subjective and objective measures to determine readiness to
RTS after ACLR iii) psychological scores and factors affecting RTS.

We published the survey online using SurveyMonkey (SurveyMonkey Inc., San Mateo, CA, USA). The
survey was disseminated through SurveyMonkey and through the following professional sports medicine
organizations: American Orthopaedic Society of Sports Medicine (AOSSM), Canadian Association of
Sports and Exercise Medicine (CASEM), and the Arthroscopy Association of Canada (AAC). The complete
survey is available in the Appendix.

STATISTICAL ANALYSIS
All response data from completed questionnaires was extracted from SurveyMonkey and incorporated
into a comprehensive database within Microsoft Excel (Microsoft, Redmond, USA). Raw categorical data
was rearranged into a binary cleaned data sheet for simpler manipulation. Response rates for a given
answer choice to each question were demonstrated as proportions.

The two �nal questions were rank-based that required an ordered selection of 7–9 variables based on
perceived importance or frequency. The �nal ranking of each selection was communicated via a summed
product. The answer choice with the largest average ranking was the most preferred choice. The
weighting system is as follows:

- The #1 choice has a weight of 5

- The #2 choice has a weight of 4

- The #3 choice has a weight of 3

- The #4 choice has a weight of 2

- The #5 choice has a weight of 1

This was then used in the following formula to develop a �nal ranked score for each answer choice:

w = weight of ranked position

x = response count for answer choice

Results

Clinician demographics and practice information

x1w1 + x2w2 + x3w3 … xnwn

Totalresponsecount
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The total number of respondents from all three organizations was 113 (Table 1), which corresponds to a
4% response rate. Sixty-four (57%) survey respondents were orthopaedic surgeons and forty-one (36%)
were primary care sports physicians (Table 2). Seventy-three (65%) respondents indicated that they have
more than 10 years of clinical experience providing care to athletes. There was a large breadth in the type
and level of athletes that responding clinicians routinely manage. The most commonly managed sport
was soccer (n = 94) followed by American Football (n = 90), and ice hockey (n = 84). Fifty-four clinicians
indicated that they provide care to professional athletes, which mainly played in the National Hockey
League (NHL) followed by the Major League Soccer (MLS) and the National Football League (NFL) (Table
3).

 
Table 1

Clinician specialty and years of experience
Specialty Frequency (n) Percent (%)

Orthopaedic surgeon 64 57

Primary Care Sports Physician 41 36

Other* 8 7

Total 113 100

Experience Frequency (n) Percent (%)

0–5 years 25 22

5–10 years 15 13

> 10 years 73 65

*5 primary care physicians, 3 physical therapists
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Table 2
Sport and caliber of athletes managed by clinicians

Sport n Level n League n

Soccer 94 Amateur 97 NHL 31

Football 90 Recreational 92 MLS 13

Hockey 84 College 88 NFL 10

Basketball 81 Professional 54 MLB 8

Baseball 58 Other 9 NBA 7

Track 55     Other 38

Tennis 49     None 48

Other 43        

* MLB = Major League Baseball; NBA = National Basketball Association

Subjective and objective measures
Time after ACLR (bone-patellar tendon-bone graft) as an objective measure generated a large consensus
in that 98% of clinicians believed no athlete should RTS within 6 months of ACLR, with 42% indicating 6–
9 months is su�cient time for RTS whereas 54% considered 9–12 months necessary. Similar responses
occurred for hamstring tendon graft ACLR with 39% waited for at least 6–9 months vs. 55% for 9–12
months (2% 3–6 months and 5% >12 months). High agreement was observed with postoperative pain
levels and the use of imaging as indicators for RTS assessment with 98% of respondents reporting
athletes should have a Visual Analogue Scale (VAS) score of 0–3 and 83% believing no imaging is
required to be cleared for return. Clinical �ndings that indicate readiness to RTS were a lack of muscle
atrophy (91%), lack of joint effusion (90%) and no signs of swelling (76%). The most important clinical
test to determine stability of the operated knee was the Lachman test (92%), followed by the Pivot-Shift
Test (69%), and meniscal tests (54%). Most clinicians stated that knee �exion (95%) of the operated leg
should be at least to 100° and knee extension should be between 0 and 5° (90%) before patients can RTS.

Respondents selected a diverse set of Patient Reported Outcome Measures (PROMs) as tools to
determine readiness to RTS (Fig. 1A). The Subjective Knee Evaluation form was the most commonly used
PROMs with a 39% response rate followed by the International Knee Documentation Committee (IKDC)
score (25%). The majority of respondents use the Single Leg Hop Test (81%) or the Vertical Jump Test as
functional tests for their RTS decision (Fig. 1B). All responding clinicians considered lower extremity
muscle strength symmetry important measures of ACLR rehabilitation (76% very important, 22%
important, 2% somewhat important). More speci�cally, nearly all respondents stated that symmetrical
strength in the quadriceps and hamstrings are necessary for RTS (95% and 92% respectively); however
only 77% and 69% reported that they objectively measure quadriceps and hamstring strength respectively.
The most frequently reported methods for measuring lower extremity strength in athletes include knee
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strength estimates from tests such as hop capacity (57%), manual muscle testing methods (40%) and
isokinetic dynamometer (29%).

Psychological scores and factors
The importance respondents afforded to psychological tests as tools to determine readiness to RTS can
be seen in Fig. 2. Concerning importance, 95% (n = 106) of healthcare professionals considered
psychological tests at least somewhat important, with 23% (n = 26) deeming them very important.
Regarding the use of these tests, only 35% of respondents reported that they routinely use them as part of
their practice to decide whether athletes are ready to RTS after ACLR. For those using psychological tests,
the particular types can be seen in Fig. 3. The most commonly administered psychological questionnaire
was the ACL-Return to Sport after Injury Scale (ACL-RSI) at 23% followed by the Tampa Scale for
Kinesophobia (TSK) (7%). Respondents were also asked to rank the most frequent patient-cited
psychological factors affecting return to play, which can be observed in Table 3. Fear of reinjury was the
most common concern with a weighted score of 6.37 and 55% ranking it number 1 out of 7 options. Lack
of con�dence in knee was ranked as the second most cited factor with a weighted score of 6.06 with 35%
respondents placing it �rst. When psychological tests were included with all other outcome measures
used to determine readiness to RTS it was ranked 8 out of 9, imaging was the only indices that was
placed below, as represented in Table 4. Traditional outcome measures such as functional tests and
muscle strength were still considered to be the most important factors when considering RTS (Table 4).

 
Table 3

Clinician reported patient-cited psychological factors
affecting RTS

Rank Psychological Factor Weighted Score

1 Fear of Reinjury 6.37

2 Lack of Con�dence in knee 6.06

3 Shift in Priorities 3.56

4 Lack of interest/motivation 3.50

5 Psychosocial 3.11

6 Lack of athletic identity 3.00

7 Depression 2.75
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Table 4
Level of importance attributed to outcome

measures for RTS
Rank Outcome Measure Weighted Score

1 Functional tests 7.11

2 Timing 6.58

3 Muscle Strength 6.58

4 Clinical signs 5.76

5 Clinical tests 5.53

6 Pain levels 4.95

7 Clinical scores 3.89

8 Psychological tests 3.28

9 Imaging 1.82

Discussion
The most important �nding of this study is that a large proportion of physicians who manage RTS after
ACLR believe that psychological issues are important, but few routinely or objectively attempt to measure
or treat these issues. This is despite the fact that a large number of patients fail to return to sport after
ACLR despite seemingly good functional outcomes - recent evidence has demonstrated that the
discrepancy may be in part due to psychological factors [6, 7]. Emotional disturbance, motivation, self-
esteem, locus of control, and self-e�cacy are strongly associated with an athlete’s adherence to
rehabilitation programs and readiness to RTS [13]. Because of this association, validated psychological
tests are available that can identify athletes at risk of maladaptive psychological responses; albeit a
minority of clinicians engage in this practice [5, 41]. Because low scores on psychological tests strongly
suggest poor prognosis, early identi�cation may indicate the need for referral to quali�ed practitioners as
new evidence suggests timely intervention may improve outcomes [25, 36].

Our �ndings on the lack of implementation of psychological tests in practice are consistent with a meta-
analysis and systematic review by Ardern et al. [6] which highlighted the lack of biopsychosocial
approaches to managing and assessing athletes’ readiness to RTS [6]. Since then, a growing body of
literature has both provided evidence for the e�cacy of psychological measures as necessary
components of RTS criteria and made recommendations to include them in the management of ACLR
patients [2, 3, 5, 16, 27, 36]. However, these measures are still infrequently used as observed in a review of
209 studies and as con�rmed by our results. Their �ndings revealed that only 12% of studies used
psychologically based measures [11]. In our study only 35% reported use of psychological tests and
ranking 8 out of 9 for RTS outcome measures, indicating that the majority of surgeons still focus on
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objective/functional based RTS measures. At this point it is not known why, in light of the growing
evidence, more clinicians are not using psychological scores. One possible factor preventing the inclusion
of psychological measures into practice could be physician and clinic time constraints, which may be
exacerbated with the introduction of additional questionnaires. Mobile based follow up has been
successfully implemented in some orthopaedic populations; both patients and surgeons considered post-
operative monitoring via smartphone software in ACLR to be a practicable and an acceptable form of
follow up [33]. Furthermore, a mobile patient-based application administered by Higgins et al. [19] was
found to accurately assess recovery enough to have avoided follow up for a number of patients [19]. It
could be that incorporation of technology into regular patient assessment could enable regular evaluation
of patients’ psychological readiness for RTS.

The results of our study revealed that the most commonly used psychological test was the ACL-RSI (23%,
Fig. 3); a questionnaire that is strongly associated with RTS [5, 31]. The ACL-RSI has been well validated
and used globally with numerous translations; furthermore, a recent short version of the questionnaire
was developed and was observed to be robust in predicting RTS outcomes [10, 21, 35, 40, 41]. One of the
main factors that the ACL-RSI evaluates is fear of reinjury, the most common reason for reduction of
cessation of sport after ACLR according to Ardern et al. [4] This is consistent with what clinicians felt was
the most common patient-cited reason affecting RTS in our study [4]. Langford et al. [25] tracked fear of
reinjury responses throughout the rehab process to assess progress in parallel with functional measures
and found that not only did those whom returned to sport at 12 months score more favourably on the
ACL-RSI, but that differences between both groups were seen as early as 6 months [25]. Moreover, there is
evidence that positive psychological responses including favourable fear of reinjury assessed through the
ACL-RSI before and shortly after ACLR were predictive of successful RTS at 12 months following surgery
[10].

More importantly, psychological indicators of knee function are readily modi�able risk factors [3, 5, 43];
suggesting that those with lower scores could be provided with increased surveillance and counseling to
monitor for maladaptive responses and provided early intervention to change or deter these responses.
Additionally, pre-operative psychological factors may in�uence ACLR outcomes as depressive
symptomology has been associated with poor self-reported functional scores both before surgery and 1
year following ACLR [17]. Psychological interventions administered for athletes recovering from ACLR
include positive self-talk, guided imagery, relaxation and goal setting [43]. Scherzer et al. [32]
demonstrated increased adherence to rehabilitation through goal setting, which yielded a positive
relationship with ACLR injury outcome [32]. Furthermore, there is evidence that guided imagery and
relaxation sessions for ACLR patients signi�cantly reduces reinjury anxiety [14]. However, most
orthopedic surgeons are not trained in psychological interventions, but they may be able to identify
athletes who could bene�t from these practices, which could prompt collaboration with sport
psychologists.

The �ndings of our study regarding currently used objective measures for determining readiness to RTS
are relatively consistent with a 2019 review of 209 studies by Burgi et al. [11] in which, timing, muscle
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strength, clinical examination and functional tests were reported as the most frequent measures to
determine RTS after ACLR [11]. In our study, respondents ranked functional tests as the most important
outcome measure for RTS (Table 4); above timing, muscle strength and clinical signs and clinical tests.
The single leg hop test is the most commonly reported functional assessment tool in both the literature
and our survey for determining readiness to RTS [11, 26, 42]. Time required before RTS was considered
the 2nd most important variable; with 98% of the respondents indicating that a minimum of 6 months is
required before RTS. Similar �ndings were presented by Burgi et al. [11] in 2019, where time was a RTS
criterion in 178 of 209 studies with the majority reporting > 6 months recovery time [11]. However, some
argue that unrestricted activity should be delayed further after ACLR as optimal joint function occurs long
after the 6-12-month timeline, while others postulate that time as an objective measure is less important
than repeated evaluation and follow up to monitor individual progress [29, 34]. Muscle strength ranked 3
out 9 (Table 4) with the overwhelming majority measuring both quadriceps and hamstring muscle
strength with the goal to achieve > 85% strength of the contra-lateral limb. However, there is still debate as
to which level of symmetry leads to clinically meaningful differences as well as the methods used to
assess strength [20, 38, 44].

A limitation of our study was the low response rate of 4%. Therefore, it is di�cult to generalize our
�ndings to the entire practicing population of those who manage ACLR patients. Our low numbers may
serve as a bias. Furthermore, there are limitations inherent to survey research that may be relevant to our
study. Respondent bias may be skewed towards those with a vested interest or background in
psychological factors involved in ACLR. Additionally, despite anonymity, survey methodology is
susceptible to social desirability bias, questions such as the importance of psychological tests in
management – with increasing evidence to support their effectiveness – may be overestimated. We were
not able to identify differences between different sports, levels of athletes or type of reconstructive
surgery as our survey as not designed to determine such differences; however, it would be of interest to
investigate this in future studies.

Conclusion
Psychological factors seem to be important to determine RTS after ACLR based on previous studies. Our
results showed that most clinicians are aware of the importance of psychological tests; however, based
on our survey only a few currently use them in practice. To address this discrepancy, we suggest further
education of physicians on this topic and multidisciplinary treatment plans for patients with ACL injuries
and low psychological scores.
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Figure 1

1A Preferred clinical scores for RTS SKEF: Subjective Knee Evaluation Form; IKDC: International Knee
Documentation Committee; KOOS: Knee Injury and Osteoarthritis Outcome Score Fig. 1B Preferred
functional tests for RTS SLHT: Single Leg Hop Test; SLVJT: Single Leg Vertical Jump Test; VJT: Vertical
Jump Test; Y-Balance Test; SEBT: Star Excursion Balance Test; SDFT: Step Down to Fatigue Test

Figure 2
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Importance attributed to use of psychological tests

Figure 3

Preferred psychological tests used in practice ACL-RSI: Anterior Cruciate Ligament-Return to Sport after
Injury; TSK: Tampa Scale of Kinesophobia; ERAIQ: Emotional Response after Injury Questionnaire; K-SES:
Knee-Self E�cacy Score; SF 12: 12-Item Short Form Survey; POMS: Pro�le of Mood Scale; HADS:
Hospital Anxiety and Depression Scale


