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Abstract 

Background: The better and safer return to sports (BEAST) - a rehabilitation and return 

to sports (RTS) decision tool has been designed to facilitate athletes returning safely to 

sports after anterior cruciate ligament reconstruction (ACLR). There is a need to 

investigate and compare knee function and psychological readiness during the return to 

sport phase in athletes following the BEAST tool and usual care. 

Objective: To compare change in knee function and psychological readiness to RTS 6 

to 12 months after ACLR between nonprofessional pivoting sport athletes who followed 

the BEAST tool versus usual care.  

Design: A comparison between two prospective cohort studies 

Method: Nonprofessional pivoting sport athletes aged 15-40 years with a primary 

unilateral ACLR were included. Out of 247 athletes, 77 followed the BEAST tool, and 

170 received usual care (SPARX cohort). The International Knee Documentation 

Committee subjective knee form (IKDC-SKF) and ACL- Return to Sport after Injury 

(RSI) was answered electronically 6 and 12 months postoperative. The 6 to 12 months 

change between the groups was analyzed, adjusted for age, sex, preinjury sport, family 

history of ACL injury, time from injury to surgery, ACL graft type, concomitant 

meniscus and/or cartilage injury yes/no, and meniscal repair yes/no.   

 

Results: No difference in change in knee function (p=0.722) or psychological readiness 

(p=0.518) was found between the groups. At 6 and 12 months postoperative, the IKDC-

SKF scores in BEAST athletes increased from 72.3 to 85.3, and usual care from 67.3 to 

79.9. The ACL-RSI scores in BEAST athletes increased from 60.3 to 71.6, and usual 

care from 48.4 to 56.3. At 12 months postoperative, 48% and 35% of the BEAST 

athletes had not achieved symmetrical quadriceps strength and hop performance, 

respectively.  

 

Conclusion: Nonprofessional pivoting sport athletes with ACLR who followed the 

BEAST tool have comparable 6 to 12 months change in knee function and 

psychological readiness to RTS when compared to usual care. Few athletes following 

the BEAST tool achieved the functional goals within 12 months postoperative.   
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1. Theory 

This first section of my master’s thesis will provide the necessary theoretical 

background for the scientific article. It will commence with the elaboration of anterior 

cruciate ligament (ACL) injuries and its associated consequences. Subsequently, I will 

limit my focus towards athletes who have undergone ACL reconstruction (ACLR). I 

will describe the criteria for ACLR eligibility among athletes, followed by a 

presentation of evidence-based rehabilitation and return to sport (RTS) criteria. Lastly, I 

will present details of my systematic literature search and the generated studies 

investigating knee function and psychological readiness in athletes who have undergone 

ACLR.  

1.1 Anterior Cruciate Ligament Injury 
The anterior cruciate ligament (ACL) is the most frequently injured ligament in the knee 

(Barber-Westin & Noyes, 2011). In cases where patients describe an injury mechanism 

involving a combination of deceleration/acceleration and knee valgus load, a “pop” is 

felt or heard at the time of injury, or hemarthrosis in the knee within 2 hours after 

injury, there should be a strong suspicion of an ACL injury (Logerstedt et al., 2010). 

Research has shown an annual incidence of 81 ACL injuries per 100.000 inhabitants 

aged 10-64 years (Frobell et al., 2007). Additionally, concomitant injuries such as 

meniscal tears, cartilage injuries, bone marrow lesions, fractures, or sprains of other 

knee ligaments commonly occur in addition to the ACL injury (Filbay & Grindem, 

2019). The prevalence of meniscal and cartilage injuries in patients undergoing ACLR 

has been reported to be 47% and 26%, respectively (Granan et al., 2008).  

Athletes participating in sports activities including pivoting, jumping, and cutting 

movements report the highest incidence of ACL injuries (Mountcastle et al., 2007). 

Football (52%) and handball (39%) are the primary sports activities reported by female 

adolescents as causative factors for ACL injuries, while football (60%) remains the 

predominant sport associated with ACL injuries in their male counterparts (Johnsen et 

al., 2016). A meta-analysis investigating ACL injuries found that female athletes 

participating in pivoting sports have an elevated risk of almost 4,5 times greater than 

their male counterparts (Prodromos et al., 2007). There is an increasing number of 

young and active individuals in sports, and the incidence of ACL injuries steady 
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increases along (Bram et al., 2021). A systematic review investigating ACL injury rates 

across various groups, has shown that nonprofessional athletes have higher incidence 

compared to the general population but a lower incidence compared to professional 

athletes (Moses et al., 2012). However, most athletes participating in sports are non-

professionals, making them the largest group of athletes with ACL injuries (Ardern, 

Österberg, et al., 2014).  

1.2 Consequences of an anterior cruciate ligament injury 
An ACL injury might bring several consequences, impacting both individual and 

socioeconomic factors. Common individual consequences include reduced knee 

function and negative psychological responses (Filbay et al., 2014). There is a 

possibility of not returning to sports activities at all, and for the individuals who resume 

activities, there is an increased risk of sustaining a secondary ACL injury (Ardern, 

Taylor, et al., 2014; Wiggins et al., 2016). Additional common consequences are knee 

pain, knee symptoms, limits in recreation, impaired quality of life and the development 

of posttraumatic knee osteoarthritis (Filbay et al., 2014; Filbay et al., 2015).  

Socioeconomical consequences include surgical expenses, absence from work, 

rehabilitation costs, and disability in occupations demanding high knee functionality 

(Myklebust, 2002). In Norway, the estimated cost associated with ACL injury ranges 

between 500.000 and 1.000.000 Norwegian kroner (NOK) (Myklebust, 2002). Further, I 

will elaborate about the primary individual consequences that the athletes might 

experience after ACL injury.  

1.2.1 Knee function and psychological readiness  
An ACL injury is associated with increased passive laxity in the knee, which is believed 

to contribute to instability (Snyder-Mackler et al., 1997). However, there appears to be a 

lack of association between passive laxity and the individuals perception of decreased 

functionality (Snyder-Mackler et al., 1997). Patients usually experience functional knee 

instabilities, resulting in impairments in strength, altered movement patterns and 

decreased joint proprioception (Filbay & Grindem, 2019). ACL injury, with or without 

ACLR, alters lower extremity functional activities and gait due to changes in kinetics 

and kinematics (Ingersoll et al., 2008). Additional consequences include reduced 

quadriceps strength, persisting pain and post-traumatic knee arthritis (Grindem et al., 
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2014; Lohmander et al., 2004). Reduced quadriceps strength is likely caused by 

quadriceps inhibition and hamstring muscle activation (Ingersoll et al., 2008). These 

alterations in motor patterns are likely a protective mechanism as an result to structural 

damage on the mechanoreceptors in the ACL but may persist for a long time (Ingersoll 

et al., 2008).  

Previous research has primarily focused on the physical consequences of reduced knee 

function following ACL injury (Forsdyke et al., 2016). However, physical and 

psychological readiness do not always coincide (Podlog & Eklund, 2010). Negative 

psychological responses are a common consequence among athletes after a physical 

trauma like an ACL injury and may impact their ability to rehabilitate and RTS (Liew et 

al., 2022). A qualitative study by Forsdyke et al. (2016) indicated that factors like 

thoughts, emotions and actions can be altered in injured athletes (Forsdyke et al., 2016). 

Morrey et al. (1999) investigated the athletes’ emotional responses during their 

rehabilitation and found that negative emotions often occurred in the latter part of 

rehabilitation, around 6 months following surgery (Morrey et al., 1999). Altered athletic 

confidence to performance and the risk appraisal of return to sport has also been 

recognized as psychological consequences in other sporting contexts (Johnston & 

Carroll, 1998). Fear or reinjury, fear of pain and lack of confidence can ultimately stop 

the individual in RTS and even end the individual’s sports career  (Ardern et al., 2013; 

Ardern et al., 2011; Ardern, Österberg, et al., 2014; te Wierike et al., 2013). 

1.2.2 Return to sports and reinjury  

A systematic review and meta-analysis conducted by Ardern et al. (2014) investigated 

the existing literature on RTS rates following ACLR and found that only 42% of 

nonprofessional athletes returned to competitive sports (Ardern, Taylor, et al., 2014). 

The professional athletes had more than twice the odds of returning to preinjury level, 

and approximately six times the odds of returning to competitive level of sports 

compared to the nonprofessional athletes (Ardern, Taylor, et al., 2014). The systematic 

review with meta-analysis by Lai et al. (2018) found that 83% of professional athletes 

returned to preinjury sport, highlighting a huge gap between professional and non-

professional athletes (Lai et al., 2018). The explanation of the huge gap is speculated to 

be due to the professional athlete’s high investment and expectations in returning to 

sports (Ardern, Taylor, et al., 2014). These athletes also have financial benefits as well 
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as more hours participating in sports. Non-professional athletes don’t have the same 

access to medical and rehabilitations professional, the same way professional athletes 

do.  

Despite a successful ACLR, rehabilitation and return to activity, a graft rupture and 

contralateral ACL rupture represents a major problem and a devastating consequence 

for the individual. While ipsilateral reinjuries are common, rates of contralateral ACL 

injuries surpass those of ipsilateral graft ruptures regardless of age or activity level 

(Wiggins et al., 2016). The underlying reasons for the high incidence of contralateral 

injuries remain incompletely understood but are likely multifactorial (Wiggins et al., 

2016). A systematic review and meta-analysis found that nearly one in four young 

athletes returning to high-risk sports including pivoting and cutting movements will 

sustain a secondary ACL injury, and the most vulnerable period being early in the RTS 

phase (Wiggins et al., 2016). In addition, family history of ACL ruptures doubles the 

odds for both graft ruptures and contralateral ACL injuries (Webster et al., 2014).  

1.3 Anterior Cruciate Ligament reconstruction 
Reconstruction of the ACL is usually recommended and performed in athletes when 

their goal is to return to preinjury sports activities (Barber-Westin & Noyes, 2011). 

Athletes returning to pivoting sports have three times higher incidence for ACLR 

compared to athletes returning to less pivoting activities like technical and endurance 

sports (Johnsen et al., 2016). The primary objective of the reconstruction is to stabilize 

the knee joint, preventing reinjury and enabling athletes to participate in their desired 

activities safely (Barber-Westin & Noyes, 2011). During ACLR, the torn ACL is being 

reconstructed with a tendon graft of preferred choice (Claes et al., 2011). The most 

common graft choices are the patellar, hamstring and quadriceps tendons (Lin et al., 

2020).  

The ligament registries in Scandinavia provides prospective data of cruciate ligament 

surgeries gathered from both surgeons and patients (Granan et al., 2008; Granan et al., 

2009). Data from the Norwegian National Knee Ligament Registry (NKLR) indicate 

that the patellar tendon graft is the preferred choice in Norway, accounting for 73% of 

the reconstructions performed in 2021 (Visnes, 2021). Furthermore, the prevalence of 

meniscus repair during ACLR increased from approximately 20%, to 62% between 
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2011 and 2021, based on the NKLR data (Visnes, 2021). In Sweden, the hamstring 

graft, with or without the gracilis tendon, was the predominant graft choice during ACL 

reconstructions in 2021, accounting for 85% of the cases, while meniscus repair was 

performed in 24% of the cases.  (Korsbandsregistret., 2021).  

1.4 Rehabilitation  
Although ACLR restores the static stability of the knee joint, the reconstruction does 

not restore the knee function itself (Augustsson et al., 2004). As previously stated by 

Ardern et al. (2015), ACLR is not exactly a one-way ticket back to preinjury level of 

sports. When the ACL has been surgically reconstructed there is still a long way to go, 

and the rehabilitation is a long and demanding process.  

The primary objectives after ACLR are to restore knee function, address psychological 

barriers for RTS, the prevention of further knee injuries, reduce the risk of OA, and 

optimize long-term quality of life (Filbay & Grindem, 2019). To achieve these 

objectives, rehabilitation should involve objectives like strength training, neuromuscular 

training, dynamic activities, such as jumping, hopping, and cutting maneuvers, as well 

as sports specific training (Filbay & Grindem, 2019). A clinical practice guideline, 

based on systematic reviews and a multidisciplinary consensus group, suggest that 

progression should be guided by strength and hop test, psychological tests, and 

movement quality (van Melick et al., 2016).  

 

Still, usual care after ACLR in Flemish physical therapists were in general not in line 

with the best available practice, despite their self-rated confidence and competence 

where high (Dingenen et al., 2021). In the United States, there is considerable variation 

in usual care among members of the American Physical Therapy Association  

(Greenberg et al., 2018). In both Europe and North America, the follow-up often 

discontinues before athletes returns to their previous sports (Dingenen et al., 2021; 

Greenberg et al., 2018). Insufficient attention has been given to the on-field 

rehabilitation, which represents the transition from gym-based rehabilitation to the on-

field competitive team practices during rehabilitation. This is an important phase, but 

the athletes usually goes through this phase too quickly (Buckthorpe et al., 2019). 

Return to sports activities should not be a decision taken at the end of rehabilitation but 
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should be addressed as a continuum along the rehabilitation (Ardern et al., 2016).  

 

1.5 Return to sports 
Return to sports criteria is growing within studies on athletes after ACLR. However, 

there is a lack of scientific consensus on the criteria for RTS, with guidelines mainly 

based on observational studies and expert opinions (Dingenen & Gokeler, 2017; Filbay 

& Grindem, 2019). Filbay & Grindem (2019) states three key considerations for return 

to sports for athletes: is the athlete physically ready? Is the athlete mentally ready? Has 

there been allowed enough time for biological healing? The evaluation of a safe return 

to sports should include objective criteria involving performance-based testing, as well 

as subjective evaluation of knee function and psychological responses (Filbay & 

Grindem, 2019). 

1.5.1 Objective measures 

To identify weaknesses and determine an athlete’s readiness to return to sports, it 

appears that individual tests alone may lack the necessary sensitivity. Therefore, the 

incorporation of test batteries comprising multiple tests is recommended (Moksnes & 

Risberg, 2009; Thomeé et al., 2011; van Melick et al., 2016). These test batteries should 

include strength and hop tests, as well as measuring movement quality (van Melick et 

al., 2016). Within test batteries, the limb symmetry index (LSI) is usually used to assess 

strength and hopping performance, calculating the ratio between the injured and non-

injured side (Grindem et al., 2016; Thomeé et al., 2011). Cut-off values for LSI in 

strength and hopping performance range from ≥ 85-100% (Thomeé et al., 2011; van 

Grinsven et al., 2010; van Melick et al., 2016). However, Barber-Westin & Noyes. 

(2011) found in their systematic review that more than 70% of the published literature 

excluded functional measures when making decisions about RTS, leaving a large gap 

between best practice recommendations and usual care practice (Barber-Westin & 

Noyes, 2011).  

A study by Kyritsis et al. (2016) found that athletes who did not meet all the objective 

discharge criteria, including muscle strength and functional tests, before returning to 

sports had four times greater risk of sustaining an ACL graft rupture (Kyritsis et al., 

2016). Additionally, Grindem er al. (2020) found that passing RTS criteria prior to RTS 

was associated with a 92% lower rate of a second ACL injury in young athletes. Still, 
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80-86% of athletes following usual care attempts to RTS without passing the criteria of 

functional RTS test batteries (Beischer et al., 2018; Toole et al., 2017).  

Additionally, the reinjury is being significantly reduced by 51% for each month the 

RTS is delayed until 9 months postoperative (Grindem et al., 2016). The practice 

guideline proposed by Van Melick et al. (2016) recommends that rehabilitation should 

last 9-12 months before RTS, considering the specific demands placed on the knee by 

the athlete’s chosen activity. However, a previous study investigating the discharge 

timing among Australian physical therapists found that almost one out of four were 

willing to discharge the athletes for RTS between 6 and 9 months after surgery (Ebert et 

al., 2019).  

1.5.2 Subjective measures  
Subjective evaluations capture different aspects of function compared to clinical 

performance-based outcomes, which makes a combination of outcome measures most 

likely to provide a successful evaluation (Eitzen et al., 2010). To evaluate the patient’s 

perception of important consequences after ACLR, knee function and psychological 

readiness, the International Knee Documentation Committee Subjective Knee form 

(IKDC-SKF) and ACL- Return to Sports after Injury (RSI) questionnaires is usually 

being used (van Meer et al., 2013; Webster & Feller, 2022).  

The IKDC-SFK questionnaire is specifically designed to measure symptoms, function, 

and activities for patients with knee problems, scoring from 0-100 points (Irrgang et al., 

2001). The questionnaire is recommended for evaluation of patient-reported knee 

function within the first year after ACLR (van Meer et al., 2013). The patient’s 

perspective of their own knee function has shown to have stronger association with 

patient satisfaction compared to standard clinical measures (Kocher et al., 2002). 

Several studies indicated that athletes returning to their previous level of sports achieve 

significantly higher scores on IKDC-SKF compared to athletes who do not return to 

sports (Ardern et al., 2013; Lentz et al., 2012; Moksnes & Risberg, 2009; Sonesson et 

al., 2017). Furthermore, the IKDC-SKF score may identify athletes who fail RTS 

criteria up to one year after ACLR (Logerstedt et al., 2014).  
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Recovery of physical function is not sufficient to ensure RTS due to the complex and 

multifactorial interaction in RTS (Ardern, 2015). To ensure RTS and reduce the reinjury 

rates and the need for subsequent surgery, both physical and psychological factors for 

sports participation needs to be utilized (Czuppon et al., 2014). Modifiable 

psychological factors like fear of reinjury, fear of pain and lack of confidence affects 

RTS after ACLR (Ardern et al., 2013; Ardern et al., 2011; te Wierike et al., 2013). 

Psychological factors commonly used in terms of RTS is psychological readiness and 

its importance in RTS decision making is well recognized (Ardern, Österberg, et al., 

2014; Webster & Feller, 2022). The ACL-Return to Sport after Injury (RSI) 

questionnaire evaluates psychological readiness and has demonstrated the best 

discriminative capabilities regarding RTS compared to other questionnaires (Ardern et 

al., 2013). High score on patient-reported psychological readiness and low fear of 

reinjury is connected to high RTS rate to athletes’ preinjury level (Ardern, Taylor, et al., 

2014; Ardern et al., 2011; Webster et al., 2008). Variations in psychological readiness 

can occur as early as 6 months postoperative, and the 6 months postoperative ACL-RSI 

score has shown to be a significant predictor of RTS (Kitaguchi et al., 2020; Langford et 

al., 2009; Müller et al., 2015). High score on psychological readiness has also been 

found to be positively associated with higher patient-reported knee function (Webster et 

al., 2018).  

1.6 Literature search  
Table 1 presents my literature search conducted in this study. The literature search 

aimed to identify relevant studies involving athletes or adolescents who underwent 

ACLR being evaluated 6 and 12 months postoperative using by IKDC-SKF for patient-

reported knee function, and by ACL-RSI for psychological readiness.  

 

The search was performed in PubMed containing mainly medical research and 

comprises more than 35 million citations for biomedical literature (Pubmed, 2023). The 

systematic search generated 768 studies. Following the screening of abstract and titles, 

754 articles were excluded, resulting in 14 articles selected for full-text reading. 

Ultimately, ten studies were identified to meet the inclusion criteria for my literature 

search.  
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Table 1. Search word included in my literature search  

ACL = anterior cruciate ligament, ACLR = anterior cruciate ligament reconstruction, IKDC = International Knee Documentation 

Committee, ACL-RSI = anterior cruciate ligament – return to sport after injury  

1.6.1 Patient-reported knee function  

Table 2 displays the findings of five studies investigating patient-reported knee function 

by IKDC-SKF, 6 and 12 months after ACLR. Magnitskaya et al. (2020) conducted a 

study to establish reference values for patient-reported knee function the first year after 

ACLR, dependent on athlete characteristics. Athletes involved in high level sports 

including pivoting and cutting movements before the injury showed the highest 6 and 

12 month scores of 83 and 94 points (Magnitskaya et al., 2020).  

In the study by Johnston et al. (2021), patient-reported outcomes and functional knee 

recovery after ACLR were compared between two different graft type: quadriceps 

tendon (QT) graft and hamstring tendon (HT) graft. The athletes underwent the same 

postoperative rehabilitation including gym exercising after 5 weeks, running after 12-16 

weeks and sport specific drills from 4 months. Non-contact training could commence 

after 6 months with gradual progression towards full contact training over 3-4 months 

(Johnston et al., 2022).  

Logerstedt et al. (2012) investigated if single leg hop tests at 6 months postoperative 

could predict knee function 12- months after ACLR. All patients underwent a 10-

session preoperative rehabilitation program consisting of progressive exercise training. 

After surgery all patients followed rehabilitation guidelines with systematically 

progression based on clinical outcomes (Logerstedt et al., 2012).  

Wallace et al. (2021) examined the changes in infrapatellar fat pad volume to knee 

function. No patient characteristics of preinjury activity level or postoperative 

rehabilitation was described and participants who sustained a second ACL injury at any 
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point during the study was excluded. The study displayed the lowest 6 and 12 months 

scores (Wallace et al., 2021).  

Table 2. Previous literature including IKDC-SKF scores 6 and 12 months after ACLR. 

QT = quadriceps tendon, HT: hamstrings tendon, ACLR = anterior cruciate ligament reconstruction, postop = postoperative, IKDC 

= International Knee Documentation Committee   

Finally, the study of Ra et al. (2014) investigated the ceiling effects in IKDC-SKF at 6 

and 12 months postoperative and found it to be 5.2% and 17.2 %, respectively (Ra et al., 

2014). The study included both professional and nonprofessional athletes and showed 

the lowest difference in 6 and 12 months scores.  

Previous studies show that 6 months scores in knee function ranged from 73.4 to 84.5, 

while the 12 months scores ranged from 86.1 to 93.0 (Johnston et al., 2022; Logerstedt 

et al., 2012; Magnitskaya et al., 2020; Ra et al., 2014; Wallace et al., 2021). All the 

studies reported an increase in score from 6 to 12 months postoperative. The difference 
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between 6 and 12 months varied between 5.3 and 13. Two of the included studies are 

prospective cohort studies and three are retrospective cohort studies.    

1.6.2 Psychological readiness 
In Table 3, the findings from five studies investigating 6 and 12 months postoperative 

psychological readiness by ACL-RSI in athletes are presented. Webster & Feller (2021) 

investigated the ACL-RSI questionnaires responsiveness to change. Patients sustaining 

a second ACL injury or had any further surgeries during follow up were excluded. The 

athletes followed the same rehabilitation protocol based on evidence-based guidelines. 

The findings revealed that a change score of 13.4 from 6 to 12 month postoperative was 

considered a minimally important change (MIC) in psychological readiness at a group 

level. Still only 21% in the study achieved this score (Webster & Feller, 2021). In a 

subsequent study by Webster & Feller in 2022, athletes under the age of 18 years from 

the same cohort were examined. This study found generally higher scores at both 6 and 

12 months, as well as a greater difference between 6 and 12 months (Webster & Feller, 

2022).  

The study of Johnston et al. (2022), previously mentioned in relation to knee function, 

also investigated psychological readiness at the same timepoints. This study identified 

the highest 12 months score and the largest difference between 6 and 12 months among 

the included studies in the group of athletes receiving hamstrings tendon graft (Johnston 

et al., 2022).  

Sadeqi et al. (2018) investigated progression of ACL-RSI scores from preoperative to 2-

year postoperative. The study had a large number of participants and reported the lowest 

12 months score as well as the smallest difference between 6 to 12 months (Sadeqi et 

al., 2018).  

Langford et al. (2009) investigated how ACL-RSI during rehabilitation is related to 

returning to competitive sports. Athletes with repaired meniscal tears was excluded. The 

athletes followed the same rehabilitation protocol and were allowed running and sport-

specific drills at 3 months, resume training, and commence competitive sport at 6 

months if they have been training for one month without problems (Langford et al., 

2009).  
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Table 3. Previous literature including ACL-RSI scores 6 and 12 months after ACLR.  

QT = Quadriceps tendon, HT= hamstrings tendon, ACLR = anterior cruciate ligament reconstruction, postop = postoperative, 

ACL-RSI = anterior cruciate ligament – return to sport after injury.  

Previous studies show that 6 months psychological readiness score ranged from 55.3 to 

59.2, while the 12 months score ranged from 64.7 to 75.0 (Johnston et al., 2022; 

Langford et al., 2009; Sadeqi et al., 2018; Webster & Feller, 2021, 2022). All the 

included studies display an increased score from 6 to 12 months with a variating 

difference ranging from 6.4 to 17.8.  
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2. Extended Methods  

This chapter presents extended methods to my scientific article. The chapter starts with 

presentation of the main project and the study design. Subsequently, the BEAST tool 

and the comparison group representing usual care, are presented. Following this, a 

comprehensive description of the outcome measures is provided. I will then describe the 

propensity score adjustment made to the main analysis, and what influence the Covid-

19 pandemic might have had on this study. Data collection and ethical considerations 

will then be addressed before I conclude this chapter by outlining my contributions to 

this study.  

2.1 Main Project 
This study is a part of the BEAST project, a research project started in 2018 at the Oslo 

Sport Trauma Research Center, Norwegian School of Sports Sciences (NIH). The main 

project is a larger prospective cohort study describing 2-year outcomes of reinjuries, 

participation in sports, patient-reported knee function and psychological readiness to 

return to sports in athletes following the BEAST tool versus usual care. The BEAST 

project group consists of experienced professors and researchers specialized in sports 

medicine; Hege Grindem, Håvard Moksnes, Arnlaug Wangensteen, Grethe Myklebust, 

Lars Engebretsen, May Arna Risberg, Joanna Kvist and Clare Ardern.  

2.2 Study design 

This study compares data from two prospective cohort studies, the BEtter And Safer 

return to sporT (BEAST, clinical trials #NCT04049292) study and the Participation in 

physical activity and sports 3 years after ACL-reconstruction (SPARX Dnr 2019-

04546) study. Athletes in the BEAST cohort have followed a rehabilitation and RTS 

decision (BEAST) tool (Moksnes et al., 2021). The athletes in the SPARX cohort were 

recruited from the Swedish Knee Ligament register and represents usual care. The 

objectives of this study are to compare the 6 to 12 month postoperative change in 

patient-reported knee function and psychological readiness to RTS after ACLR between 

nonprofessional pivoting sport athletes who followed the BEAST tool versus usual care.   
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2.3 BEAST tool 
The BEAST tool is described in Figure 1, and the terms used in the BEAST tool are 

described in Table 4. The development and final BEAST tool are described in detail in 

Moksnes et al (2021). The athletes went through a standardized RTS knee assessment 

every two months from 6 to 12 months after ACLR, or until the athlete was cleared for 

RTS. The knee assessment consisted of clinical knee examination, quadriceps strength 

tests and hop tests, and were performed at “Norsk Idrettsmedisinsk Institutt” (NIMI) or 

“Idrettens Helsesenter” (IHS) with follow up by a sports physical therapy specialist. The 

knee assessment was designed to ensure that the most important information could be 

obtained in a single 60-min session to make decisions about rehabilitation and RTS 

progression. The assessment does not require expensive equipment, making it a useful 

tool in daily clinical practice for a nonspecialist physical therapist, in a nonspecialist 

center. The decision tool prescribed an individual rehabilitation plan including specific 

protocols based on the criteria that the athlete had failed to meet. If the athletes failed 

the criteria of knee effusion, quadriceps strength or hop tests, they were given 

standardized protocols for effusion management (Appendix 8), strength (Appendix 9) or 

plyometric training (Appendix 10) respectively. They had to work on these protocols for 

the next two months. These specific protocols are based on best practice and current 

evidence-based guidelines and have been developed in collaboration with primary 

physical therapists and athletes with ACLR. If the athlete received rehabilitation from a 

clinician, the athlete had to share the rehabilitation and RTS plan with the clinician to 

ensure supervision. If the athletes had positive Lachman or effusion grade 2+ at knee 

assessment, they were referred to an orthopedic surgeon for evaluation. 
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Figure 1. Overview of the BEAST tool.  
PL = practice level. From Moksnes et al (2021) 
 

Table 4. Description of terms. 

RTS = return to sports. BEAST = better and safer return to sport. From Moksnes et al (2021) 

The athletes were also provided with a sport specific progression protocol made 

specifically for football, handball, basketball, or floorball (Appendix 4-7). These 

protocols consist of six progressive practice levels designed to facilitate step wise tasks 

during sports, aiming to increase athletic confidence and trust in the knee by gradually 

increasing risk during sports activity (Moksnes et al., 2021). The sports specific 

protocol for football is shown in Table 5. To move on to the next level, the athletes had 

to participate in at least four training sessions over two weeks without pain or effusion 

in their knees. The sports specific progression tool was reviewed by a nonprofessional 

coach from the respective sports to clarify language and ensure that the plan was 

understandable to all parties involved when returning to team practices. 
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Table 5. Practice level 1-6 in the football specific protocol. 

From Moksnes et al (2021) 

Cut off scores were set for return to restricted practice (PL4) and full unrestricted 

practice (PL6), as shown in Table 6. The athletes had to pass seven time-based, load-

based, clinical, and functional criteria, and participated in restricted practice with low-

risk and non-contact until all the criteria were passed for PL4. The athletes could 

progress to match level 1 (ML1) out of 6 levels when they had been a minimum of four 

weeks at PL6.   

Table 6. Criteria in the BEAST tool to progress to restricted participation during team 
practice (PL4) and full participation during team practice (PL6) in the sport-specific 
protocol. 

ACLR = anterior cruciate ligament reconstruction, PL = practice level, LSI = limb symmetry index. From Moksnes et al (2021) 

The BEAST tool has been assessed regarding implementation, limited efficacy and 

acceptability and has shown few challenges and necessary adjustments. The athletes 

believed that the BEAST tool would facilitate RTS and reduce injury risk (Moksnes et 

al., 2021). 

2.3.1 Clinical and performance-based testing  
The clinical and performance-based tests used in the BEAST tool were the modified 

stroke test for effusion, the Lachman test for ACL integrity, quadriceps power test and 

side-hop and triple-hop-tests. Physical therapists with extensive experience in the test 

methods performed the testing.   

The knee effusion was assessed with the modified stroke test, and was performed with 

the athlete in a relaxed supine position with the knee fully extended (Sturgill et al., 

2009). The clinician performed an upward stroke from the medial tibiofemoral joint line 

to the suprapatellar pouch, before giving a downward stroke from the distal lateral thigh 
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from the suprapatellar pouch to the lateral joint line. The clinician watches for a wave of 

fluid on the medial side of the knee. The modified stroke test is a 5-point grading scale 

(Table 7) and has good inter-rater reliability, making it a reliable method to assess knee 

joint effusion (Sturgill et al., 2009).  

 

Table 7. Modified stroke test grading scale. 

From Sturgill et al (2009). 
 

The Lachman test was chosen to test the integrity of the ACL based on a sensitivity of 

85% and a specificity of 94%, making it the most valid test to determine ACL integrity 

(Benjaminse et al., 2006). The test is performed with the athlete in a supine position on 

the bench, and the knee in 20-39 degree of flexion. While the femur is stabilized, the 

proximal part of the tibia is pulled anteriorly. The test is positive if there is a soft end 

point, and an increased amount of tibial displacement (Benjaminse et al., 2006).  

Quadriceps strength was tested with “Musclelab”, a linear encoder connected to the leg 

extension machine (Technogym). The linear encoder can detect interlimb differences 

after ACLR and has high test-retest reliability with an ICC of 0.97 (95% CI: 0.94 to 

0.99) (Neeter et al., 2006). The test was performed on each leg with maximal repetition 

at each load, increased by 5kg until failure. The athlete was given the instruction to 

extend the knee quickly and forcefully from 100 to 0 degrees of knee flexion. Peak 

power was measured and represented in watts, as well as estimated 1 repetition 

maximum (RM) was recorded.  

The side-hop and triple-hop-tests have also shown a high test-retest reliability as well as 

a high ability to discriminate the hop performance between the injured and the uninjured 

side in athletes who have undergone ACLR (Gustavsson et al., 2006). The tests are 

performed on the uninjured side followed by the injured leg. The side-hop test measures 

the athletes’ ability to hop sideways on a single leg over a distance of minimum 40cm in 
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30 seconds (Gustavsson et al., 2006). The triple-hop-test requires the athlete to hop as 

far as possible forward (Noyes et al., 1991). If the landing is with excessive balance 

maneuvers, the test is repeated. The distance from the tip of the toe in the starting 

position, to the tip of the toe in the landing position was measured as the result of the 

triple-hop-test.  

2.4 Usual care 
The data from the SPARX cohort was provided from athletes with ACLR from the 

Swedish Knee Ligament Registry. The SPARX data reflects outcomes after usual care 

in Sweden and was collected around the same period as the BEAST cohort using the 

same patient-reported outcome measures. Knee Ligament Registry data can be used as 

control material to prospective studies with more structured interventions to compare 

treatment outcomes (Grindem et al., 2015). Consequently, the SPARX cohort served as 

an optimal choice for providing comparative data for athletes who followed the BEAST 

tool.  

2.5 Outcome measures 
The outcome measures for patient-reported knee function and psychological readiness 

used in this study was the IKDC-SKF, and the ACL-RSI.  

2.5.1 IKDC-SKF 
The IKDC-SKF is a knee specific, not a disease specific questionnaire designed by a 

committee of international knee experts formed in 1987 to evaluate symptoms, function 

and sports activity (Irrgang et al., 2001). The IKDC-SKF was published in 2001 and is 

developed to fit a broad variety of knee disorders, including cartilage injuries, meniscal 

problems, ligaments, arthritis, and patellofemoral pain (Irrgang et al., 2001).  

The questionnaire consists of 19 items, and the total score is calculated based on 18 of 

these. The total score goes from 0 to 100 where 100 is no limitation with activities of 

daily living or in sports, in addition to the absence of symptoms. Each question scores 

from 0 to 1, 4 or 10 points (Collins et al., 2011). The content of the form is based on 

three domains; 1: symptoms, including knee pain, swelling, giving way, stiffness or 

locking, 2: sports and daily activities, 3: current knee function, and knee function before 

the injury (Collins et al., 2011). Calculating the score is done by summing each item to 
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a total score, excluding the question about prior knee function, divided by the maximum 

possible score (87), multiplied by 100:  

(Sum of all items/maximum score (87)) x 100   

The IKDC-SKF questionnaire is considered a valid and reliable measuring tool of 

symptoms, function and sports activity in patients with a broad specter of knee injuries 

(Irrgang et al., 2001). The questionnaire has good construct validity, high test-retest 

reliability with an ICC of 0.93 and has shown a good ability to detect changes over time 

(van Meer et al., 2013). The questions are also perceived relevant in patients with an 

ACL injury, making it a recommended questionnaire the first year after ACLR (van 

Meer et al., 2013).  

The IKDC-SKF has a standards error of measurement (SEM) of 4.6 calculated with the 

test-retest coefficient. Change of 12 points or higher is considered a clinically relevant 

difference (Irrgang et al., 2006). To detect a group difference of 12 points or higher it 

can be used a SD of 15, a level of 0.05, and a b of 0.8 (Irrgang et al., 2006). The IKDC- 

SKF is translated to Norwegian by the NAR-orthopedic center, UUS, Oslo; 2005, from 

step I to IV with guidelines prepared by using standardized guidelines for translation of 

measuring tools (Guillemin et al., 1993). The questionnaire is also translated to Swedish 

according to guidelines and shows high internal consistency (Cronbach´s alpha 0.9), and 

test-retest reliability by ICC of 0.92 (95% CI: 0.81-0.97) (Tigerstrand Grevnerts et al., 

2017).  

2.5.2 ACL-RSI 

The ACL-RSI is a screening tool developed specifically to measure the psychological 

impact of returning to sport after ACL reconstruction surgery and contributes to 

identifying athletes in risk of not returning to their preinjury sport and level (Ardern et al., 

2013; Webster et al., 2008). The questionnaire is developed around three types of 

psychological responses the literature has found associated with the resumption of sport 

following an injury; emotions, confidence and risk appraisal (Webster et al., 2008).  

The questionnaire is a 12-item scale where each item scores from 0-100 where 0 is 

extremely negative psychological factors, and 100 is the absence of negative 
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psychological factors (Webster et al., 2008). Five items (1-5) measures emotions like 

fear of reinjury, nervousness and tension. Five items (6-10) cover two aspect of sports 

confidence; confidence in performance, and confidence in knee function. Two items (11-

12) investigate the athletes cognitive risk appraisal to re-injury (Webster et al., 2008).   

ACL-RSI has been translated to Norwegian using international guidelines and shows 

good measurement properties which involves good construct validity and a test-retest 

reliability by ICC of 0.94 (95% CI: 0.84 – 0.97), standard error of measurement (SEM) of 

5.7 (Faleide et al., 2020). This implicates that change in score for one individual needs to 

exceed 15.8 points, and on a group level 2.0 to be considered a true change (Faleide et al., 

2020). The ACL-RSI has also been translated to Swedish showing good face and 

construct validity and good internal consistency (Cronbach´s alpha 0.95), and high test-

retest reliability by ICC of 0.89 (Kvist et al., 2013).   

2.6 Propensity score adjustment 
In observational studies, confounding factors can exert a direct or indirect influence on 

both the outcome and the exposure, potentially altering the strength, direction, or even 

reversing the association we seek to establish between the exposure and outcome if left 

unadjusted (Assimon, 2021). Propensity score adjustment has gained increasing 

attention due to its ability to eliminate or reduce the effect of the known confounders in 

observational studies (Austin, 2011). Randomized controlled trials is considered the 

gold standard for estimating treatment effects on outcomes, as random treatment 

allocation ensures that baseline characteristics do not confound the treatment status 

(Austin, 2011). Propensity score adjustment allows observational studies to mimic 

certain characteristics of a randomized controlled trial to give unbiased estimates of the 

treatment effects. However, if there are substantially differences in baseline confounders 

between the groups the propensity score might not be enough to adjust for the 

differences (Austin, 2011). In this study, the propensity score represents the probability 

of a subject receiving the BEAST intervention or usual care in the SPARX cohort, 

based on a set of baseline confounders (Benedetto et al., 2018). Typically, the score is 

estimated using a logistic regression model (Benedetto et al., 2018). 
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2.7 Covid – 19  
In 2020, the Covid-19 pandemic had a large impact on various aspects of people’s lives, 

including interpersonal interactions, work, school, hobbies and sports participation 

(Bouguennec et al., 2023). The pandemic led to lockdowns in many countries which 

severely affected the health care services and patients with ACL reconstructions 

(Bouguennec et al., 2023). Norway was one of the countries having a complete 

lockdown during the pandemic. The 12th of March 2020 the Norwegian government 

introduced the strongest and most invasive measures in Norway during peace time. 

Therefore, gyms across the nation remained closed for a period of three months. During 

this period the BEAST study was temporarily put on hold due to challenges assessing 

inclusion because of different rules for seniors and adolescents, differences across 

municipalities, and which sport the athlete participated in. The athletes had no 

opportunity to access rehabilitation facilities or any postoperative examinations.  

A previous study investigating the athletes experiences following the BEAST tool found 

that the athletes changed their training routines and compliance to the BEAST tool 

during Covid-19 (Legernes, 2021, p. 42). The athletes reported fewer sessions at 

training centers and sports-fields as well as fewer supervised sessions with physical 

therapist. The athletes felt less motivated for rehabilitation and experienced Covid-19 as 

a major obstacle for their rehabilitation (Legernes, 2021, p. 42).   

Although Sweden did not have a lockdown the same way Norway did, the pandemic is 

thought to have had a substantial impact on sports and physical activity in the country 

(Zelleroth, 2020, p. 13). The athletes from SPARX were asked between June and 

October 2020, mean 6.4 months after ACLR, if their rehabilitation was negatively 

affected by the pandemic. Approximately one out of three (36%) athletes from SPARX 

answered that their rehabilitation has been negatively affected by the pandemic. The 

primary reasons were closed gyms or no sports practice, not wanting to go to the gym 

because of the contamination risk and less time with their physical therapist (Zelleroth, 

2020, p. 13).  
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2.8 Data Collection 

The recruitment and data collection for the BEAST study was done by Hege Grindem, 

Håvard Moksnes, Arnlaug Wangensteen and Bjørnar Haaland. Baseline descriptive data 

was gathered from the athletes at the initial assessment 6 months postoperative 

(Appendix 14), including data from the surgery with graft type and concomitant 

injuries. At each knee assessment the athletes were asked if they wished to RTS, and 

deviations from the BEAST tool were documented for the athletes. The results from the 

knee assessment were filled out in a standardized form, and protocols and practice 

levels were prescribed at the end of the session (Appendix 15).  

The data from SPARX was collected by Joanna Kvist and Daniel Castellanos. The 

baseline descriptive data was obtained through a questionnaire at three months 

postoperative via Briteback Explore platform (Briteback AB; Norrköping, Sweden). 

Information on the surgical procedure, including graft type and concomitant injuries, 

was extracted from the Swedish ACL registry.  

Quantitative data with the outcome measures IKDC-SKF (Appendix 13) and ACL-RSI 

(Appendix 12) were electronically collected 6 and 12 months postoperative using the 

Briteback Explore platform in both cohorts.   

2.9 Ethics  
The BEAST study was approved by The Norwegian Regional committees for medical 

and health research ethics in October 2018 (Appendix 1), and the Norwegian Centre for 

Research data (Norsk Senter for Forskningsdata - NSD) gave their approval in January 

2019 (Appendix 2). Prior to participating in the study, the athletes were provided with 

information with a detailed description of the study (Appendix 11). They signed a 

written consent, and if the participant was 15 years old at the time of injury, written 

consent was obtained from both parents and the athlete. The athletes were informed that 

there were no consequences in declining participation or withdrawing from the study 

after enrollment. The physical tests used in this study could cause the participants a 

slight risk of injury or discomfort. However, the tests are far less demanding than the 

loads the athletes face when they return to sports, and the tests are used routinely by 

clinicians worldwide. If the athletes changed their mind in wanting to return to pivoting 
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sports during rehabilitation, the intervention continued without the sport-specific 

progression plan.  

The SPARX study was approved by The Swedish committees for medical and health 

research ethics (etiksprövingsmyndigheten) in October 2019 (Appendix 3). Detailed 

project information was sent to the athletes via mail, and subsequently, they were 

contacted through e-mail, SMS and/or telephone to provide them the opportunity to 

participate in the study. Written consent was gathered electronically in the baseline 

assessment at three months postoperative. 

Patient data were carefully managed according to General Data Protection Regulation 

(GDPR) laws in both the BEAST and SPARX studies. All data was coded and stored in 

a pseudo-anonymized database where a keycode was needed for access. The study 

received financially support from Norwegian Fund for Post-Graduate Training in 

Physiotherapy, the International Olympic Committee, the Swedish Council of Sport 

Science, Karolinska Institute, Linköping University and Örebro University. Software 

for statistical analysis was covered by Linköping University and the Norwegian School 

of Sport Sciences.  

2.10 My contributions  
In this study, my role included the responsibility for processing and cleaning the data in 

both the BEAST and the SPARX cohorts, as well as systematizing and making the data 

ready for statistical analysis. This involved not only cleansing the descriptive data and 

the IKDC-SKF and ACL-RSI outcomes at 6 and 12 months postoperative for my study, 

but also a substantial amount of data collected for the main projects. The data 

processing took place over a few months including several meetings with the leaders of 

the project in BEAST and SPARX, Hege Grindem and Joanna Kvist. Throughout this 

process, correct, standardized, and consistent cleaning of the data in both cohorts was 

ensured. The planning of how to present the results was conducted in collaboration with 

Hege Grindem and Morten Wand Fagerland, a biostatistician from the Department of 

Sports Medicine, Norwegian School of Sports Sciense. While the main statistical 

analysis was performed by Morten Wang Fagerland, I was responsible for conducting 

the descriptive data analysis.  
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Abstract 
Background: The better and safer return to sports (BEAST) - a rehabilitation and return 

to sports (RTS) decision tool has been designed to facilitate athletes returning safely to 

sports after anterior cruciate ligament reconstruction (ACLR). There is a need to 

investigate and compare knee function and psychological readiness during the return to 

sport phase in athletes following the BEAST tool and usual care. 

Objective: To compare change in knee function and psychological readiness to RTS 6 

to 12 months after ACLR between nonprofessional pivoting sport athletes who followed 

the BEAST tool versus usual care.  

Design: A comparison between two prospective cohort studies 

Method: Nonprofessional pivoting sport athletes aged 15-40 years with a primary 

unilateral ACLR were included. Out of 247 athletes, 77 followed the BEAST tool, and 

170 received usual care (SPARX cohort). The International Knee Documentation 

Committee subjective knee form (IKDC-SKF) and ACL- Return to Sport after Injury 

(RSI) was answered at 6 and 12 months postoperative. The 6 to 12 months change 

between the groups was analyzed, adjusted for age, sex, preinjury sport, family history 

of ACL injury, time from injury to surgery, ACL graft type, concomitant meniscus 

and/or cartilage injury yes/no, and meniscal repair yes/no.   

 

Results: No difference in change in knee function (p=0.722) or psychological readiness 

(p=0.518) was found between the groups. At 6 and 12 months postoperative, the IKDC-

SKF scores in BEAST athletes increased from 72.3 to 85.3, and usual care from 67.3 to 

79.9. The ACL-RSI scores in BEAST athletes increased from 60.3 to 71.6, and usual 

care from 48.4 to 56.3. At 12 months postoperative, 48% and 35% of the BEAST 

athletes had not achieved symmetrical quadriceps strength and hop performance, 

respectively.  

 

Conclusion: Nonprofessional pivoting sport athletes with ACLR who followed the 

BEAST tool have comparable 6 to 12 months change in knee function and 

psychological readiness to RTS when compared to usual care. Few athletes following 

the BEAST tool achieved the functional goals within 12 months postoperative.   
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Introduction 
Anterior cruciate ligament reconstruction (ACLR) is usually recommended for athletes 

aiming to return to pivoting sports (Grindem et al., 2014). A common expectation is to 

return to sports 6-9 months after surgery, but ACLR is not exactly a one-way ticket 

back to preinjury level of sports (Ardern, 2015; Barber-Westin & Noyes, 2011). Among 

those undergoing ACLR, nonprofessional athletes represent the largest group, yet 

systematic reviews show that only 42% of nonprofessional compared to 83% of 

professional athletes return to competitive sports (Ardern, Taylor, et al., 2014; Lai et al., 

2018). The main reasons for not returning to sports are negative psychological 

responses like anxiety and lack of trust in the knee, which are common responses after 

ACLR (Ardern, Taylor, et al., 2014; Ardern, Österberg, et al., 2014). Additionally, 

nearly one in four young athletes returning to high-risk sports sustain a secondary ACL 

injury (Wiggins et al., 2016).  

Nonprofessional athletes who do not receive high-quality rehabilitation are often 

discharged to return to sports with poor knee function (Beischer et al., 2018; Ebert et al., 

2018; Toole et al., 2017). Previous research has found reduced quadriceps strength to 

independently increase the risk of knee reinjuries in athletes returning to pivoting sports  

(Grindem et al., 2016). Urgent attention is required to improve knee function and 

psychological readiness in nonprofessional athletes, with the goal of facilitating a safer 

RTS for a larger number of individuals in this population.  

A rehabilitation and RTS decision-making tool for nonprofessional athletes has 

therefore been designed; the BEtter And Safer reTurn to sport (BEAST) tool (Moksnes 

et al., 2021). The BEAST tool provides an individual protocol-based rehabilitation with 

a RTS plan based on a knee assessment that includes a functional test battery. By 

emphasizing targeted rehabilitation in the RTS phase including gradual progression in 

sport-specific training, the BEAST tool might improve psychological readiness and 

ultimately the RTS rate among nonprofessional athletes. Knee function is addressed by 

a functional RTS test battery including strength and hop tests. A previous study has 

demonstrated that athletes who fail a functional test battery before RTS are up to six 

times more likely to sustain a knee reinjury compared to those who pass the tests 

(Grindem et al., 2016). However, 80-86% of athletes following usual care attempt RTS 

without passing the criteria of functional RTS test batteries (Beischer et al., 2018; Toole 
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et al., 2017). Knee function and psychological readiness during the return to sport phase 

needs to be investigated in athletes following the BEAST tool and athletes receiving 

usual care.  

The establishment of the National Knee Ligament Registries has provided valuable data 

on outcomes after usual care following ACLR (Granan et al., 2009). Data from Knee 

Ligament Registries has been utilized in previous studies as control material reflecting 

usual care, enabling comparisons of treatment outcomes to prospective studies with 

more structured interventions (Grindem et al., 2015). To the best of our knowledge, no 

previous studies have investigated outcomes for athletes with ACLR following a 

rehabilitation and RTS decision tool compared to usual care treatment.  

Therefore, the objective of this study was to compare the change in knee function and 

psychological readiness 6 to 12 months postoperative between nonprofessional athletes 

returning to pivoting sports after ACLR, following the BEAST tool and those receiving 

usual care. The predefined hypothesis was that the athletes who followed the BEAST 

tool would have larger change in knee function and psychological readiness compared 

to usual care.  

Methods 

This study compares data from two prospective cohorts: the BEtter And Safer reTurn to 

sport after anterior cruciate ligament reconstruction (BEAST) study (clinical trials 

#NCT04049292) and the Participation in physical activity and sports 3 years after ACL-

reconstruction (SPARX) study (Dnr 2019-04546). The BEAST cohort consists of 

athletes who have followed a protocol-based rehabilitation and RTS decision tool, 

aiming to facilitate nonprofessional athletes to return better and safer to sports after 

ACLR. The SPARX cohort were recruited from the Swedish Knee Ligament registry 

and represent usual care, with no controlled rehabilitation or RTS.  

Participants  
The inclusion criteria for this study were the same as for those included in the BEAST 

study. Athletes were eligible for inclusion if they had undergone a primary, unilateral 

ACLR and were ≤ 6 months from surgery. They had to be 15-40 years at the time of 

ACL injury, engaging in nonprofessional soccer, handball, basketball, or floorball ≥ 2 
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times per week prior to the injury. An athlete was considered a professional if they had 

access to specialist medicine care, derived their primary income from sports 

participation, or had health team present at most of the team practices. At 6 months 

postoperative the athletes must have expressed a goal to return to pivoting sport. 

Athletes were excluded if they had grade 3 tears of medial collateral ligament (MCL), 

lateral collateral ligament (LCL) and/or posterior cruciate ligament (PCL), other serious 

injuries or illnesses that impaired function, or inability to understand the native 

language in the country of recruitment. The athletes included in the BEAST cohort were 

recruited from all over Norway. The athletes from SPARX who fulfilled the inclusion 

criteria were extracted and included in this study. Prior to data collection, approval from 

the Committee for Medical Research Ethics was obtained in both cohorts, and the 

athletes signed a written consent form.  

BEAST data were collected between November 2018 and August 2022. Descriptive 

data including surgical descriptions was obtained from the athletes at the 6 month 

assessment. The SPARX data was collected between November 2019 and July 2022 and 

the descriptive data was obtained by a questionnaire at 3 months postoperative and 

surgical data was extracted from the Swedish ACL registry. At 6 and 12 months 

postoperative, the athletes in both cohorts completed the International Knee 

Documentation Committee Subjective Knee Form (IKDC-SFK), and the ACL – Return 

to Sport after Injury (RSI) questionnaires electronically by Briteback (Briteback AB, 

Norrköping, Sweden). The athletes were sent a text message containing a link to the 

questionnaire, and a reminder was dispatched if the athlete did not answer.  

Rehabilitation and RTS decision (BEAST) tool  
The athletes commenced a standardized RTS assessment every two months, starting 

from 6 to 12 months after ACLR, or to the athlete was cleared for RTS. These 

assessments were performed at “Norsk idrettsmedisinsk institutt (NIMI)” and “Idrettens 

helsesenter (IHS)” in Oslo by a sports physical therapy specialist. The RTS assessment 

consisted of clinical examination, side-hop and triple-hop-tests, and quadriceps strength 

test with “Musclelab”, a linear encoder connected to the leg extension machine 

(Technogym) (Gustavsson et al., 2006; Neeter et al., 2006). If the athlete failed any of 

the assessment criteria, an individualized rehabilitation plan was provided determined 

by the decision tool, including one or multiple protocols based on which criteria the 
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athlete had failed. If the athletes failed the criteria of no knee effusion, hop tests or 

quadriceps strength with a limb symmetry index (LSI) ≤ 90%, they were given 

standardized protocols for effusion management, strength, or plyometric training 

respectively. Additionally, the athletes were given a sport specific progression protocol 

developed to gradually increase risk by step wise tasks consisting of six practice levels 

(PL). These protocols were made specifically for football, handball, basketball, and 

floorball to increase athletic confidence and trust in the knee during sports activities. To 

progress to the next practice level the athlete had to participate in at least four training 

sessions over two weeks without pain or effusion in their knee. Before the athletes could 

return to full unrestricted practice (PL6), they had to be ≥ 9 months after ACLR, 

modified stroke grad 0, negative Lachman test, PL5 completed and LSI ≥ 90% on side-

hop, triple-hop, and quadriceps power. Further details of the BEAST tool have been 

published in Moksnes et al. (2021). 

Outcome measures  
The IKDC-SFK is a knee-specific self-assessment measure of symptoms, function and 

sports activity (Irrgang et al., 2001). The questionnaire consists of 19 items, and is a 

reliable and valid measure of knee function after ACLR (Irrgang et al., 2001). IKDC-

SFK is translated to Norwegian by the NAR-orthopedic center using international 

guidelines (Guillemin et al., 1993). The questionnaire is also translated to Swedish 

according to guidelines and shows good measurement properties (Tigerstrand Grevnerts 

et al., 2017).  

The ACL-RSI is a measure of psychological readiness to RTS after ACL injury and 

reconstruction surgery (Webster et al., 2008). The ACL-RSI is a unidimensional 12-

item scale created around three types of psychological responses believed to be 

associated with the resumption of sport: emotions (5 items), confidence in performance 

(5 items), and risk appraisal (2 items). The ACL-RSI is translated into Norwegian and 

Swedish and displays reliable and valid measurement properties making it a useful tool to 

assess psychological readiness to RTS after ACLR (Faleide et al., 2020; Kvist et al., 

2013).  
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Statistics  
The sample size was calculated from IKDC-SFK based on study objectives from the 

main BEAST study. Change of 12 points or higher were considered a clinically relevant 

difference (Irrgang et al., 2006). To detect a group difference of 12 points or higher with 

a conservative SD of 15, a level of 0.05, b of 0.8, and considering the use of a 

propensity score variable increasing the sample size with 20%, and 80% power, the a 

priori sample size calculation showed that 32 patients were needed in each group. A 

statistical analysis plan was published before the analysis were made (Appendix 16).  

Descriptive analysis was performed using Mann Whitney U-test, Chi-Square test, and 

independent sample T-test. The main analysis was performed using linear regression 

adjusted for a propensity score including the predefined confounders. The propensity 

score was computed with logistic regression where group was the dependent variable. A 

priori independent variables for the propensity score were age, sex, preinjury sport, 

family history of ACL injury, time from injury to surgery, ACL graft type, concomitant 

meniscus or cartilage injury, and meniscal repair. Two sensitivity analysis were 

performed; 1: trimming non-overlapping regions of the propensity score, 2: excluding 

study participants who performed their rehabilitation while there was a 3-month long 

nationwide lockdown of gyms during Covid-19. Study analysis was performed in The 

Statistical Product and Service Solutions (SPSS, Chicago, Illinois, USA) and Stata 

(Texas, USA).  

Results 
Figure 1 displays the participant flowchart from the BEAST and SPARX cohorts. A 

total of 247 athletes were included. In the BEAST cohort, 77 out of 106 athletes 

screened for participation were included. Nineteen athletes did not meet the selection 

criteria, and ten athletes were unable to participate due to various reasons such as unable 

to reach, not wishing to participate, test cancelled or not contacted due to project on 

hold because of Covid-19. All 77 included athletes underwent the 6 months knee 

assessment and baseline questionnaire. The main analysis included 64 (83%) athletes 

who completed the 6 and 12 months postoperative IKDC-SFK and ACL-RSI. Thirteen 

athletes had missing data for one or both questionnaires. In the SPARX cohort, a total of 

1041 athletes were included out of 3225 athletes invited from the Swedish ACL 

registry. Among the 1041, 170 met the selection criteria for the BEAST cohort and were 

included in this study. For the main analysis, 167 (98%) were included for IKDC-SFK, 
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and 163 (96%) athletes for the ACL-RSI. Two athletes had missing data on IKDC-SFK, 

six athletes had missing data on ACL-RSI, and one had missing data of family history 

of ACL injury required for the propensity score variable. 

Figure 1. Flow chart over athletes included in the study and the main analysis from the 

BEAST and SPARX cohorts.  
IKDC-SFK = International Knee Documentation Committee Subjective Knee Form, ACL-RSI = anterior cruciate ligament – Return 

to Sports After Injury, RTS = return to sports, ACL = anterior cruciate ligament, MCL = medial collateral ligament, BEAST = 

better and safer return to sports, SPARX = Participation in physical activity and sports 3 years after ACL-reconstruction  

Table 1 presents the demographical characteristics of the included athletes. In the 

BEAST cohort, the athletes were generally younger, with a majority receiving the 

patellar tendon graft (78%), and most of them participated in football and handball 

before injury. The athletes following usual care were mainly given hamstrings graft 

(83%), had longer time between injury and reconstruction, and most of them 

participated in football before injury. They had more registered cartilage injuries 

although there was no significant difference between the groups when considering 

meniscus and cartilage injuries combined (concomitant cartilage or meniscus injury). A 

higher proportion of the athletes in the BEAST cohort had their meniscal injuries 

repaired (43%) compared to usual care (20%), who underwent meniscal resection to a 
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greater extent. Apart from concomitant cartilage or meniscus injury, there were no 

significant difference between the two cohorts in sex, weight, height, BMI, meniscal 

injury (both medial and lateral) or family history of ACL injury. The mean frequency of 

sports participation before injury was 8 hours per week (SD 3.5) for the BEAST cohort 

and 3.7 times per week (SD 1.2) for the usual care group. Most of the athletes in 

BEAST reported their preinjury level in sports to be senior: lower level (40%) and 

junior competitive league (33%). The remaining 27% were categorized as senior: 

national or elite team (9%), senior: first division (4%), junior national team (3%), 

company sports team (4%) or “other level” (8%). Most of the athletes following usual 

care reported preinjury sports level to be training or competition on lower levels (92%), 

with the remaining 8% categorized as exercising level (5%), or “other level” (3%). 

Table 1. Characteristics of the included athletes following the BEAST tool and usual care. 

The p-value represents either chi-square test, Mann-Whitney U-test or independent T-test, family history of ACL injury missing data 
from 1 athlete from SPARX, ACL = anterior cruciate ligament, ACLR = anterior cruciate ligament reconstruction, BMI = body 
mass index, Kg = kilogram, m = meter, cm = centimeter, SD = standard deviation, BEAST = better and safer return to sports, Q = 
quartile  
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The results of the knee assessment in athletes following the BEAST tool are presented 

in Table 2. Seventy-seven (100%) underwent the 6 months knee assessment. At 12 

months, 56 athletes were tested, but thirteen athletes were not tested due to previously 

passed testing, and nine were not tested due to other reasons. Few athletes were given 

the effusion protocol during follow up. The strength protocol was given to 71 (92%) at 

6 months, and 37 (48%) at 12 months follow up. The plyometric protocol was given to 

64 (83%) at 6 months and 27 (35%) at 12 months. The athletes gradually progressed to 

higher practice levels every two months according to the sport-specific protocol. 

Twenty (26%) athletes had passed the criteria for PL6 at 12 months, equivalent to 

passing the criteria for full participation in team practice. Deviations from the BEAST 

tool due to Covid-19 were reported for 14 (18%) athletes at 8 months, 16 (21%) athletes 

at 10 months, and 18 (23%) athletes at 12 months postoperative. Seven athletes changed 

their mind about RTS during follow up.  

Table 2. Results from the BEAST knee assessment 6, 8, 10 and 12 months postoperative. 

 

Missing sport specific protocol for 2 athletes at 10 months, and 6 athletes at 12 months. BEAST = better and safer return to sports, 

PL = practice level, RTS = return to sport.   

Knee function  
Knee function, as measured by IKDC-SFK, 6 and 12 months postoperative are 

presented in Figure 2. The figure includes all athletes with data for either 6 and/or 12 

months follow up. The mean score for athletes following the BEAST tool increased 

from 72.3 to 85.3 with a 6 to 12 months difference of 13. The mean score for athletes 

receiving usual care increased from 67.3 to 79.9 with a difference of 12.6. Figure 4 
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presents the 6 to 12 month change scores in knee function between the groups, 

specifically including athletes with data on both 6 and 12 months. Mean change score of 

athletes following the BEAST tool was 12.2, and athletes following usual care was 12.5.  

 

Table 3 presents the main analysis, the comparison of IKDC-SKF change score between 

the groups, adjusted for known confounders by a propensity score. The analysis 

included 231 athletes and revealed that athletes following the BEAST tool had a change 

score of -0.80 compared to usual care. However, no statistically significant difference 

was observed between the groups.   

Table 3. Comparison of 6 to 12 months postoperative change in knee function between 
the groups, propensity score adjusted.  

n=231  n BEAST (n usual care) Change coefficient  Std.err 95% CI p-value 

Group BEAST 64 (167) -0.80 2.25 (-5.23 to 3.63) 0.722 

P-value representing the linear regression analysis adjusted for a propensity score. Missing data from 16 participants, 13 from 
BEAST, and 3 from usual care. BEAST = better and safer return to sports, Std.err = standard error, CI = confidence interval 

 

Figure 2. Knee function 6 and 12 months 
postoperative in athletes following the BEAST 
tool and usual care.  
Usual care 6 months, n: 170, missing: 0 
Usual care 12 months, n:168, missing: 2  
BEAST 6 months, n: 76, missing: 1 
BEAST 12 months, n: 64, missing: 13 
The median marks the mid-point dividing the box plot in two 
parts. The box represents Q1-Q3, the middle 50% of the 
scores for the group. Vertical lines from the box, represents 
the minimum and maximum, excluded outliers. Dots represent 
outliers that is numerically distant from the rest of the data.   
IKDC = International Knee Documentation Committee, 
BEAST = better and safter return to sports, Q = quartile 

Figure 3. Change in knee function from 6 to 12 
months postoperative between the BEAST 
athletes and usual care. 
Usual care, n: 167, missing: 3    
BEAST, n: 64, missing: 13 
The median marks the mid-point dividing the box plot in 
two parts. The box represents Q1-Q3, the middle 50% of 
the scores for the group. Vertical lines from the box, 
represents the minimum and maximum, excluded outliers. 
Dots represent outliers that is numerically distant from the 
rest of the data. IKDC = International Knee 
Documentation Committee, BEAST = better and safter 
return to sports, Q = quartile 
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Psychological readiness 
Psychological readiness, as measured by ACL-RSI, 6 and 12 months postoperative are 

presented in Figure 4. When including all athletes with data for either 6 and/or 12 

months follow up, the mean score for athletes following the BEAST tool increased from 

60.3 to 71.6, with a 6 to 12 months difference of 11.3. The mean score for athletes 

receiving usual care increased from 48.4 to 56.3 with a difference of 7.9. Figure 5 

presents 6 to 12 months change scores in psychological readiness between the groups, 

specifically including athletes with data on both 6 and 12 months. Mean change score of 

athletes following the BEAST tool was 7.3, and athletes following usual care was 7.9.  

 

Table 4 presents the main analysis, the comparison of ACL-RSI change score between 

the groups, adjusted for known confounders by a propensity score. The analysis 

included 227 athletes and revealed that athletes following the BEAST tool had a change 

score of -2.10 compared to usual care. However, no statistically significant difference 

was observed between the groups.   

 

Figure 4. Psychological readiness 6 and 12 
months postoperative in athletes following the 
BEAST tool and usual care.  
Usual care 6 months, n: 166, missing: 4 
Usual care 12 months, n:168, missing: 2  
BEAST 6 months, n: 76, missing: 1 
BEAST 12 months, n: 64, missing: 13 
The median marks the mid-point dividing the box plot in two 
parts. The box represents Q1-Q3, the middle 50% of the 
scores for the group. Whiskers, vertical lines from the box, 
represents the minimum and maximum, excluded outliers. 
Dots represent outliers that is numerically distant from the 
rest of the data. ACL-RSI = anterior cruciate ligament – 
return to sports after injury, BEAST = better and safter 
return to sports, Q = quartile 

 

 

Figure 5. Change in psychological readiness 
from 6 to 12 months postoperative between the 
BEAST athletes and usual care. 
Usual care, n: 167, missing: 6    
BEAST, n: 64, missing: 13 
The median marks the mid-point dividing the box plot in two 
parts. The box represents Q1-Q3, the middle 50% of the 
scores for the group. Vertical lines from the box, represents 
the minimum and maximum, excluded outliers. Dots 
represent outliers that is numerically distant from the rest of 
the data. ACL-RSI = anterior cruciate ligament – return to 
sports after injury, BEAST = better and safter return to 
sports, Q = quartile 
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Table 4. Comparison of 6 to 12 months postoperative change in psychological 
readiness between the groups, propensity score adjusted.  

n = 227 n BEAST (n usual care)  Change coefficient  Std.err 95% CI p-value 

Group BEAST 64 (163) -2.10 3.25 (-8.50 to 4.30) 0.518 

P-value representing the linear regression analysis adjusted for a propensity score. Missing data from 20 athletes, 13 from BEAST, 
and 7 from SPARX. BEAST = better and safer return to sports, Std.err = standard error, CI = confidence interval 

Sensitivity analyses  

When trimming non-overlapping regions of the propensity score in sensitivity analysis 

1, 204 (83%) athletes were retained. In sensitivity analysis 2, athletes who underwent 

rehabilitation while there was a 3-month long nationwide lockdown of gyms during 

Covid-19 was excluded, resulting in 197 (80%) athletes were retained. None of the 

sensitivity analyses demonstrated a statistically significant difference in change scores 

between the groups in either knee function or psychological readiness.                   

Discussion 
This study found no statistically significant difference in 6 to 12 months change in knee 

function or psychological readiness between athletes following the BEAST tool and 

usual care. At 6 and 12 months postoperative, the IKDC-SKF scores in BEAST athletes 

increased from 72.3 to 85.3, and usual care from 67.3 to 79.9. The ACL-RSI scores in 

BEAST athletes increased from 60.3 to 71.6, and usual care from 48.4 to 56.3. Only 

26% of the athletes following the BEAST tool achieved the criteria for full participation 

in team practice during the follow-up period. At 12 months postoperative, half (48%) 

the athletes were given the strength protocol, and one out of three (35%) were given the 

plyometric protocol.  

Previous studies 

Patient-reported evaluation of change in knee function and psychological readiness is 

clinically important factors for the individual after ACLR (van Meer et al., 2013; 

Webster & Feller, 2022). Improvement of 12 points or higher has been considered a 

clinically relevant change after ACLR (Irrgang et al., 2006). Both groups achieved this 

threshold, indicating they achieved a clinically relevant change in knee function, despite 

no statistically significant difference in change between the groups was found. When 

compared to previous studies, athletes from both groups exhibited lower scores of knee 

function at 6 and 12 months postoperative (Johnston et al., 2022; Logerstedt et al., 
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2012; Magnitskaya et al., 2020; Ra et al., 2014; Wallace et al., 2021). These previous 

studies reported differences in 6 to 12 months scores ranging from 5.3 to 13. In 

comparison, both groups in this study achieved similar difference as reported by 

Magnitskaya et al. (2020), which had the highest difference among the previous studies. 

However, athletes from Magnitskaya et al. (2020) obtained scores approximately 10 

points higher at each time point compared to the BEAST athletes, and 13 points higher 

compared to usual care, suggesting a higher potential influence of ceiling effects 

(Magnitskaya et al., 2020). In relation to previous studies, both groups in our study 

exhibited lower knee function scores at each time point but achieved a good 

improvement when comparing the difference from 6 to 12 months postoperative.  

Regarding psychological readiness, Webster & Feller (2021) identified a minimally 

important change (MIC) of 13.4 as a significant change from 6 to 12 months after 

ACLR at a group level. Both groups fell short of this proposed MIC, with the BEAST 

athletes achieving a change score of 7.3, and usual care 7.9. It should be noted that the 

perception of what is considered a significant change can vary individually for athletes, 

and MIC values should be interpreted with caution (Wright et al., 2012). When 

compared to previous studies, the BEAST athletes achieved high scores in 

psychological readiness at 6 months, but comparable scores at 12 months postoperative 

(Johnston et al., 2022; Langford et al., 2009; Sadeqi et al., 2018; Webster & Feller, 

2021, 2022). On the other hand, the usual care group obtained lower scores at both 6 

and 12 months. These previous studies reported 6 to 12 months difference scores 

ranging from 6.4 to 17.8, and both groups in our study fell within these scores with a 

difference of 11.3 (BEAST) and 7.9 (usual care). In our study, the difference from 6 to 

12 months postoperative scores in psychological readiness can be regarded as average 

when compared to previous studies.  

Why did not the outcomes differ between the groups? 

The athletes following the BEAST tool improved their functional performance during 

follow up but did not reach the expected functional goals. Nine athletes who had not 

previously passed the test battery were not tested at twelve months postoperative. If all 

the athletes were assessed, a higher proportion of athletes receiving the strength and 

plyometric protocol could have been observed. Furthermore, we expected more 

comparable scores between the groups at 6 months postoperative. The BEAST athletes 



56 

exhibited higher scores in knee function and psychological readiness at this timepoint. 

The greatest difference was observed in psychological readiness with a difference of 

12.1 points compared to athletes receiving usual care. One explanation of this 

discrepancy could be higher internal motivation for rehabilitation and RTS among the 

athletes in the BEAST cohort. Despite being recruited from various regions in Norway, 

these athletes willingly participated in a project that required regular visits to a sports 

clinic every two months for clinical knee assessments, in addition to attending physical 

therapy at their local location. This level of commitment would be challenging to 

maintain without internal motivation for rehabilitation and RTS, and it introduces a 

potential selection bias that was not accounted for in this study.  

 

Clinical implications  
The BEAST tool provided targeted rehabilitation from 6 months postoperative. Still, 

only half (52%), and two-thirds (65%) of the athletes achieved symmetrical quadriceps 

strength and hop performance, respectively, at the 12 months knee assessment. In 

comparison, athletes receiving usual care rehabilitation demonstrated inferior results, 

with only 31% achieving symmetrical quadriceps strength, and 47-55% achieving 

symmetrical hop tests at 12 months postoperative (Ebert et al., 2018). However, when 

compared to athletes receiving targeted pre- and postoperative rehabilitation, the 

BEAST athletes show inferior functional outcomes (Logerstedt et al., 2013). At 6 

months, 73% of these athletes had symmetrical quadriceps strength, and 79-81% had 

symmetrical hop-tests. The 12 month mark, 79% had symmetrical quadriceps strength, 

and 89-95% exhibited symmetrical hop performance (Logerstedt et al., 2013). Notably, 

during the 6 months RTS assessment, only 8% of athletes had symmetrical quadriceps 

strength, and 17% had symmetrical hop tests.  

Additionally, a low percentage of BEAST athletes (26%) met the criteria for full return 

to team participation in sports within 12 months after ACLR. This is noteworthy as 

athletes typically anticipate RTS within 6-9 months after ACLR, and studies have 

shown that athletes who fail a RTS test battery prior to returning are up to six times 

more likely to sustain a knee reinjury compared to those who pass (Barber-Westin & 

Noyes, 2011; Grindem et al., 2016). Several studies recommend rehabilitation for 9-12 

months before RTS (Filbay & Grindem, 2019; van Melick et al., 2016). The 

implementation of targeted rehabilitation using the BEAST tool starting at 6 months 
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postoperative may not be sufficient to ensure that the majority of nonprofessional 

athletes meet the recommended criteria for RTS within 12 months after ACLR. Further 

investigation is needed to explore ways to improve postoperative functional outcomes in 

nonprofessional athletes, the largest group of athletes with ACLR. 

 

Strengths/weaknesses  

This study is the first to investigate patient-reported outcomes and functional 

performance in athletes following a protocol-based rehabilitation with a RTS decision 

tool, capturing different clinical important aspects for the individual during 

rehabilitation and RTS. The main strengths in this study are the prospective type of 

design and the utilization of validated and reliable patient-reported outcome measures 

(Guillemin et al., 1993; Irrgang et al., 2001; Tigerstrand Grevnerts et al., 2017). 

Although the specific rehabilitation received by the usual care group remains 

undisclosed, the implementation of the BEAST tool was effectively withheld from 

publication or presentation until after the completion of data collection for the SPARX 

study.  

The Covid-19 pandemic came to Scandinavia during follow up in both cohorts affecting 

athletes during their rehabilitation. Covid-19-related deviations from the BEAST tool 

were reported for 14 athletes at 8 months, 16 athletes at 10 months, and 18 athletes at 12 

months postoperative. A previous study by Legernes (2021, p 42) revealed that athletes 

following the BEAST tool considered the pandemic to be a major obstacle for their 

rehabilitation, resulting in deviations from the recommended exercises and return to 

sport plan with modified training and reduced compliance. Similarly, athletes in the 

SPARX cohort receiving usual care reported the pandemic to have a negative affection 

on their rehabilitation, with approximately one-third (36%) experiencing these effects 

(Zelleroth, 2020, p. 13). The specific impact of Covid-19 on the study´s results remain 

uncertain. However, both the present study´s findings and previous research indicate 

that the athletes were affected by the pandemic. Consequently, the results of this study 

should be interpreted in the context of these findings.  

 

The change score in psychological readiness within the BEAST group, encompassing 

athletes with data available for both 6 and 12 months, demonstrates a notably lower 



58 

score compared to the 6 to 12 months difference score, which includes all athletes with 

data available at either 6 or 12 months. This discrepancy suggests that the missing data 

in the main analysis were not at random, indicating a potential bias to the results. 

Another weakness is the observational study design entailing speaking of causality with 

caution (Austin, 2011). It is important to note that the study was not a randomized 

controlled trial, which is widely considered the gold standard for estimating true effects  

(Austin, 2011). However, the main analysis were adjusted for known confounders, 

aiming to reducing their direct or indirect influence on both the outcome and exposure 

(Assimon, 2021). 

 

Conclusion 
Nonprofessional pivoting sport athletes with ACLR who follow a rehabilitation and 

RTS decision (BEAST) tool have comparable 6 to 12 months change in patient-reported 

knee function and psychological readiness to RTS when compared to usual care. Few 

athletes following the BEAST tool achieved the functional goals within 12 months after 

ACLR. Further investigation is required to find methods for improving functional 

performance in the largest group of athletes with ACLR, achieving the lowest RTS 

rates. 
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