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Anterior cruciate ligament (ACL) tears are among the most 
common knee ligament injuries in sport.7,41 Treatment 
often involves reconstruction surgery (ACL-R) and 

lengthy rehabilitation.41 Rates of ACL tears are exceptionally 
high among adolescent and amateur athletes.8,30,41,52 The ACL 
injury incidence rates are 1 of 50 male and 1 of 36 female 

athletes throughout 1 season.30 The impact this injury can have 
on an athletic career can be devastating, as only about 40% to 
60% of athletes can return to the same level of sports 
competition.3,37 Furthermore, the likelihood of reinjury of the 
ipsilateral or contralateral ACL is 19.4% if the athlete returns to 
their sport 9 months postsurgery and 7 times greater for those 
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who return earlier.5,18 These alarming statistics have created a 
demand from stakeholders, including surgeons, practitioners, 
patients, and coaches, for valid and reliable return-to-sport 
(RTS) practices and protocols, including testing or monitoring of 
biomotor abilities.

Several highly appraised clinical practice guidelines help 
stakeholders navigate the ACL-R rehabilitation and RTS process.1 
Despite somewhat vague recommendations, clinical practice 
guidelines are a good starting point for improving ACL-R RTS 
success rates. Each guideline recommends a multidisciplinary 
approach to ACL-R rehabilitation and RTS criteria; however, 
there is no clear consensus for RTS testing nor is there 
substantial evidence that any specific RTS test or battery of tests 
can predict the risk of reinjury better than others.1,12,45 Still, there 
are promising outcomes from using RTS testing batteries.11,18,45 A 
clear understanding of which RTS tests should make up a 
testing battery tailored to the patient’s demographics would 
benefit all stakeholders.

Many different criteria have been used to determine readiness 
for RTS.10,45 Time from surgery is the most prevalent criterion, 
represented in approximately 85% of the published literature.10 
In addition, time from surgery was the only criterion in 42% of 
the included studies.10 Strength, the second most common 
criterion, was represented in 41% of the RTS testing research.10 
Of studies reporting quantitative strength measures, leg 
symmetry index (LSI) appeared to be the primary variable of 
interest rather than absolute or relative strength values.10 Hop 
test criteria were reported in 14% of the reviewed literature; 
again, LSI appears to be the primary variable of interest, and 
benchmarks in absolute values were lacking.10 Performance-
based criteria occurred in 20% of the ACL-R RTS research; 
however, only a marginal number of reviewed studies (2.9%) 
specifically utilized APA.10 Due to the context-specific demands 
of sports, it seems beneficial for athletes to undergo several APA 
to assess their functional ability and fitness levels to be cleared 
for RTS.9

This scoping review aimed to determine which APA (speed, 
agility, strength, and cardiovascular endurance) have been 
incorporated into the RTS process. It secondarily examined 
whether the APA outcomes inform RTS decision-making and 
whether these tests predict RTS or ACL reinjury rates. The APA 
protocols and other descriptive variables such as age, sex, sport, 
and competitive level were reported. The comparison of results 
between ACL-R athletes, healthy control groups (HCG), 
benchmarks, or normative data was also reported.

Methods

A scoping review was chosen due to the broad nature of the 
research question and expanded inclusion criteria compared 
with a traditional systematic review.31 A scoping review is 
advantageous because it explores, summarizes, and 
disseminates research findings and identifies existing literature 
gaps.4 This review follows the 5-stage methodological 
framework of Arksey and O’Malley4 and guidance from the 

Joanna Briggs Institute Reviewer Manual.35 The Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Extension for Scoping Reviews (PRISMA-ScR) was 
chosen to conduct and report this review.44

Eligibility Criteria

Definitions of APA can vary greatly depending on their context. 
Therefore, this review focused on physical fitness assessments 
of speed, agility, strength, and cardiovascular endurance; 
assessments commonly used in sports settings such as collegiate 
or professional sports draft combine fitness testing events. Tests 
used solely in the context of ACL-R RTS were not included. The 
constructs of “athletic performance assessment”, “speed”, 
“agility”, “strength”, and “cardiovascular endurance” are 
operationalized in Table 1. The complete inclusion and 
exclusion criteria are reported in Table 2.

Identification and Selection of Studies

In August and September 2021, we searched the following 
electronic databases: MEDLINE, EMBASE, CINAHL, 
SPORTDiscus, Scopus, Web of Science, and ProQuest 
Dissertations and Theses Global. These databases were searched 
since inception with no language limitations. The final list of 
systematic search terms is in Appendix 1 (available in the online 
version of this article). In addition, the reference lists from 
relevant reviews were screened.

Records obtained from each electronic database were 
exported into the reference management software Covidence 
(Veritas Health Innovation, Melbourne, Australia; available at 
https://www.covidence.org/), where duplicates were 
removed. A single rater completed the title and abstract 
screening. Then, 2 raters determined the final study selections 
by independently performing the full-text review with data 
extraction. The 2 raters reached a substantial agreement 
(Cohen’s kappa 87.18%, 0.65; 95% CI, 0.36-0.94). The 2 
reviewers’ disagreements on study eligibility were resolved 
through thorough discussion.

Results
Study Selection

The electronic database search revealed 3873 articles, of which 
2011 unique articles proceeded to title and abstract screening, 
and 78 articles were reviewed in full-text screening. A total of 
17 articles met eligibility criteria and were included in the 
present scoping review. The systematic search and screening 
results are presented in the PRISMA-ScR flow diagram (Figure 
1). Despite searching databases from inception, all eligible 
publications were published between 2011 and 2021. A total of 
24 instances of APA were reported with substantial test selection 
and protocol heterogeneity. A descriptive analysis of the 
extracted variables was conducted by categorizing APA by 
speed, agility, strength, or cardiovascular endurance. Protocols 
described by the authors helped to distinguish variations among 
similarly named tests. Further analysis of participant 
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demographics, including sport and level of participation, helped 
to determine the commonality and applicability of the included 
APA (Tables 3 and 4).

Agility

Agility was the most commonly reported APA. A total of 18 
agility assessments were used across 15 studies (Tables 3 and 
4). T-Test Agility was the most frequently used APA (Table 3). 
Outcomes of T-Test Agility conducted over multiple timepoints 
resulted in significant improvements for ACL-R athletes16,40; 
however, ACL-R athletes performed significantly worse than 
HCG.24 When used to assess LSI, T-Test Agility could not 
determine side-to-side differences.32 Similarly, Pro-Agility results 
improved significantly between trials but did not identify 
significant LSI.32,33 For National Football League (NFL) draft-
eligible athletes, Pro-Agility results were comparable between 
ACL-R and age-, height-, weight-, and position-matched HCG.23 
The Shuttle Run agility test was found to have a strong 
correlation (r = −0.54, P = 0.002) with single-leg vertical 
jumping - a standard ACL-R RTS test.27 The 3-Cone “L” Drill 
results were comparable between ACL-R and healthy age-, 
height-, weight-, and position-matched NFL draft-eligible 
athletes.23 The 3-Cone “L” Drill did not determine significant LSI 
in ALC-R athletes.33 For National Basketball Association (NBA) 
draft-eligible athletes, Lane Agility times were comparable 
between ACL-R and age-, height-, weight-, and position-matched 
HCG.29 A modified version of the NFL’s Long Shuttle drill did 
not determine side-to-side asymmetries for ACL-R athletes or the 
HCG.32 The 5-Cone Agility test determined significant 
differences between 2 different ACL-R rehabilitation protocols,25 
but found no significant differences related to various surgical 
procedures.13 The Illinois Agility test did not determine any 
significant difference between ACL-R and HCG athletes.6 Illinois 

Agility test performance was moderately correlated with the 
total testing battery score (r = -0.51, P ≤ 0.05).6 For NBA draft-
eligible athletes, reactive shuttle run times were comparable 
between ACL-R and age-, height-, weight-, and position-matched 
HCG.29

Speed

Three studies assessed speed using 3 different APA (Tables 3 
and 4). For NFL and NBA draft-eligible collegiate athletes, three-
quarter Court Sprint and 40-yard (36.5 m) dash times were 
comparable between ACL-R and age-, height-, weight-, and 
position-matched HCG.23,29 Malaysian national athletes showed 
significant improvements in their 20 m sprint results before RTS 
during their final rehabilitation phase.42 The sprint improvement 
effect size was large for males athletes and moderate for females 
athletes (d = 1.06, d = 0.58, respectively; P < 0.05).42

Cardiorespiratory Endurance

Two studies included assessments of cardiorespiratory 
endurance through a treadmill graded exercise test (GXT) 
maximal aerobic capacity (VO

2
max) APA (Tables 3 and 4). 

VO
2
max and ventilatory threshold results showed significant 

improvements in ACL-R athletes after 6 months of rehabilitation 
compared with their presurgery trial.14 The ACL-R measures 
were still significantly lower than HCG athletes of the same 
sport and competitive level.14 Neuromuscular response of ACL-R 
athletes during a treadmill GXT was correlated strongly with 
endurance markers in the unaffected leg (r = 0.77, P = 0.001) 
but only moderately in the ACL-R leg (r = 0.47, P = 0.09).34

Strength

Only 1 study assessed strength through a single APA (Tables 3 
and 4). The individual participant demonstrated increases in 

Table 1.  Definitions

Construct Definition

Athletic performance assessment The quantified representation of an athlete’s biomotor abilities, such as strength, speed, 
agility, or cardiovascular endurance.

Strength The ability of an athlete to carry out work against resistance. Tests of maximal load lifted 
successfully through a predetermined range of motion for predetermined repetitions 
indicate the maximal force an athlete can generate.50

Speed The ability of an athlete to accelerate from a stationary position and run linearly, covering 
a set distance in the quickest time possible.51

Agility The combination of speed, acceleration, balance, power, and coordination is 
demonstrated as an athlete’s ability to move quickly and change directions in the 
shortest time possible.38,48 This definition can also be expanded to include perceptual 
decision-making elements.39

Cardiorespiratory endurance The maximal ability of the heart, lungs, and muscles to provide the body with oxygen 
during exercise for an extended period of time.49
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predicted 1RM back squat across 3 testing trials; however, the 
significance of the results was not reported.19

Rates of RTS/Reinjury

Two studies (12%) reported rates of RTS, neither of which 
demonstrated a significant relationship with their respective APA 
results (Table 4).20,33 Only 1 of these studies also reported injury 
rates, which were also not found to be significantly related to 

APA.33 A second study reporting reinjury rates found a 
significant decrease in reinjury rates for participants who passed 
a 6 criterion RTS battery, including T-Test Agility, compared with 
participants who had not passed all 6 criteria.26 However, T-Test 
Agility alone did not relate directly to RTS.26 Six studies (35%) 
included only ACL-R participants who had RTS before testing. 
Nine studies (53%) did not report rates of RTS, and 15 studies 
(88%) did not report reinjury rates.

Table 2.  Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Population

Human participants, males and females, aged 12-50 years
Participants post-ACL-R, primary
Must satisfy 2 of 3 following criteria:
Athletes (designated by author)
Returning to sport or completing RTS testing
Tegner Activity Scale score ≥6

Animal models or cadavers
Participants post-ACL repair (ie, surgical reattachment of the 

ACL instead of performing a reconstruction)
Participants exclusively post-ACL-R, secondary or complex 

cases
Participants have other significant comorbidities, including 

musculoskeletal, neurologic, and/or systemic disorders

Intervention

Speed tests (timed sprints over a set distance, eg, 20 m)
Agility tests (timed multidirectional movements through a 

standardized drill, eg, pro-agility)
Strength tests (single or multiple repetition maximums for 

bilateral closed kinetic chain exercise)
Cardiovascular endurance tests (bilateral GXT VO

2
max or field 

test, eg, beep test)

-

Comparator or Control

Comparisons of the affected limb to the unaffected limb
Comparisons of ACL-R participants to HCG
Comparisons to normative testing values

-

Outcomes

Studies which report APA results
Studies which report the rate and level of RTS
Studies which report reinjury rates after RTS

-

Timing

APA occurs between the first 6 months of postsurgical 
rehabilitation and the 2 years after RTS

APA only occurs <6 months postsurgery or >2 years after RTS

Study Design

Primary study design (quantitative and mixed methods) 
with original published data, randomized control trials, 
pilot studies, case studies, cohort studies, and diagnostic 
studies

Qualitative studies and not primary study design or original 
data (conference proceedings or abstracts, editorials, 
commentaries, opinion-based papers and systematic, 
scoping, or narrative reviews)

ACL, anterior cruciate ligament; ACL-R ACL reconstruction surgery; APA, athletic performance assessments; GXT, graded exercise test; HCG, healthy control 
groups; RTS, return to sport; VO

2
max, maximal aerobic capacity.
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Discussion

This scoping review provides evidence that APA has been used 
in ACL-R RTS research in a limited fashion. Practical 
recommendations are difficult to elucidate due to a paucity of 
literature, lack of homogeneity in APA selection, and variability 
within protocols. Nevertheless, this review may serve as a 
helpful starting point for stakeholders developing RTS testing 
procedures. This review sought to explore the relationship 
between APA and the rate of RTS and reinjury, which were 
found to be scarcely reported. In addition, this review sought to 
determine whether ACL-R athletes demonstrated deficits in APA 
outcomes compared with HCG and whether they might be 
capable of reducing or eliminating these deficits before RTS. It 
is evident that APA are valuable in detecting performance 
deficits after ACL-R, which can improve throughout the 
rehabilitation process. Currently, APA do not appear capable of 
detecting LSI deficits. Nevertheless, the potential for ACL-R 

athletes to improve upon, and even match, the performance of 
healthy athletes at any level of sports shows promise for their 
inclusion in RTS testing batteries.

Currently, time from surgery is the most dominant factor for 
RTS clearance in research, followed by physical measures of 
strength and power through open-chain isokinetic leg extension 
or flexion and hop tests.10 There has been increasing advocacy 
for the diversification of RTS testing to improve RTS rates and 
reduce the likelihood of reinjury.1,2,10 The World Congress in 
Sports Physical Therapy outlines recommendations to guide 
practitioners when choosing RTS tests, including using a 
multitest battery, choosing less controlled tests when possible, 
adding tests with reactive decision-making elements, assessing 
psychological readiness, and monitoring workload.2

APA can be added to current seamlessly RTS testing batteries 
because they are cost-effective and require minimal equipment. 
In addition, benchmarks are often obtained easily across many 
sports, ages, sexes, and levels of competition for healthy and 
injured athletes due to their frequent use in sports settings. 
Therefore, it may be possible for practitioners to tailor their RTS 
testing batteries and benchmarks to their patients by including 
APA utilized by their team or sport.

Incorporating APA into current ACL-R RTS testing best practices 
may face barriers to adoption by rehabilitation practitioners due 
to the limited evidence as a prognostic tool for rates of RTS or 
reinjury. However, APA have long been used to profile physical 
abilities for several key performance indicators intended to 
increase the transfer of training, enhance performance, and 
reduce the rate of injuries.36 Research investigating the 
association between APA outcomes and general lower-body 
injuries may help support their inclusion into ACL-R RTP testing 
batteries until more ACL-R-specific evidence is obtained.

For instance, a systematic review of associations between 
physical fitness and musculoskeletal injuries demonstrated 
moderate evidence that slower sprint times were associated with 
One of the studies included in this review found that rugby 
players with slow sprint times were approximately 10 times as 
likely to suffer a lower body injury than their faster counterparts.17 
The same review did not find an association between agility test 
performance and rates of musculoskeletal injuries.15

For APA of strength, a 150% bodyweight (1.5×BW) back squat 
is often a benchmark for high-performance athletes.39 It is 
recommended that this be achieved before integrating 
advanced, high-impact plyometrics due to the high joint and 
tissue load and subsequent risk of injury.39 Male and female 
collegiate athletes with higher 1RM (1 repetition maximum) 
back squats were significantly less likely to sustain a lower-body 
injury than their weaker counterparts (P = 0.02 and 0.04, 
respectively).12 The mean relative 1RM back squat for the 
stronger, uninjured group was 2.2×BW for males and 1.6×BW 
for females athletes.12 These values, obtained from high-level 
adult athletes, can take years of strength training to achieve. In 
another study, relative back squat 1RM recommendations for 
adolescent and youth athletes were 2.0×BW for 16- to 19-year-
olds, 1.5×BW for 13- to 15-year-olds, and 0.7×BW for 11- to 

Table 3.  APA frequency

Total APA 24

Speed 3

  20 m sprint42 1

  3/4 Court Sprint29 1

  40-yard dash (36.5 m)23 1

Agility 18

  3-Cone “L” drill23,33 2

  5-Cone Agility13,25 2

  Illinois Agility6 1

  Lane Agility29 1

  Long Shuttle29 1

  Pro-Agility23,32,33 3

  Reactive shuttle run29 1

  Shuttle run20,27 2

  T-Test Agility16,24,26,32,40 5

Strength 1

  mRM back squat19 1

Cardiovascular Endurance 2

  Treadmill GXT14,34 2

APA, athletic performance assessments; GXT, graded exercise test; 
mRM = multiple repetition maximum.
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12-year-olds, demonstrating the gradual progression to these 
benchmarks.22

Cardiovascular endurance plays a prominent role in endurance 
sports, but is also a useful measure of fitness for speed-power 
athletes. Increased cardiovascular endurance has been shown to 
aid in repeat sprint ability, which is a valued trait for many 
sports.21 Lower cardiovascular endurance has also been linked 
to a significant increase in the likelihood of injury in adolescent 
and collegiate athletes (P = 0.01).46,47 Speed-power athletes with 
higher cardiovascular endurance have also demonstrated better 
reaction times.28 When athletes are fatigued with maximal 
cardiovascular endurance work, their movement and skill 
accuracy decrease, impacting their overall sports performance.43

Limitations

There are major limitations to this scoping review that 
stakeholders should consider. Many commonly used APA are not 
represented in this review. It was beyond the scope of this review 
to assess the validity and reliability of the APAs used. Due to the 
limited body of literature, many study designs were included, and 
study quality was not a consideration for exclusion.

Conclusion

Agility makes up 75% of the APA in the ACL-R RTS literature. 
APA for speed and cardiovascular endurance make up 12.5% 
and 8.3%, respectively. Strength measured through bilateral 

closed kinetic exercise represents only 4.2%. Participants were 
tested primarily just before or after their RTS. Only 17.6% of 
studies reported RTS or reinjury rates. Deficits in APA outcomes 
for ACL-R athletes compared with HCG were common; however, 
many studies showed significant improvements over time. There 
is evidence that well-trained ACL-R athletes can match the 
performance of uninjured athletes in high-level sports.

ORCID iD

Eric Golberg  https://orcid.org/0000-0001-7626-8554

References
	 1.	 Andrade R, Pereira R, van Cingel R, Staal JB, Espregueira-Mendes J. How should 

clinicians rehabilitate patients after ACL reconstruction? A systematic review of 
clinical practice guidelines (CPGs) with a focus on quality appraisal (AGREE II). 
Br J Sports Med. 2020;54(9):512-519.

	 2.	 Ardern CL, Glasgow P, Schneiders A, et al. 2016 Consensus statement on return 
to sport from the First World Congress in Sports Physical Therapy, Bern. Br J 
Sports Med. 2016;50(14):853-864.

	 3.	 Ardern CL, Webster KE, Taylor NF, Feller JA. Return to sport following anterior 
cruciate ligament reconstruction surgery: a systematic review and meta-analysis 
of the state of play. Br J Sports Med. 2011;45(7):596-606.

	 4.	 Arksey H, O’Malley L. Scoping studies: towards a methodological framework. Int 
J Soc Res Methodol 2005;8(1):19-32.

	 5.	 Beischer S, Gustavsson L, Senorski EH, et al. Young athletes who return to sport 
before 9 months after anterior cruciate ligament reconstruction have a rate of 
new injury 7 times that of those who delay return. J Orthop Sports Phys Ther. 
2020;50(2):83-90.

	 6.	 Blakeney WG, Ouanezar H, Rogowski I, et al. Validation of a composite test 
for assessment of readiness for return to sports after anterior cruciate ligament 
reconstruction: the K-STARTS test. Sports Health. 2018;10(6):515-522.

Records removed before screening
Duplicate records removed 
(n = 1862)

Records identified from
Databases (n = 3851)
Hand searched (n = 22)

Records excluded
(n = 1933)

Records screened: Title and abstract
(n = 2011)

Records screened: Full-text review
(n = 78)

Reports excluded (n = 61)
Wrong intervention (n = 24)
No full text (n = 13)
Wrong outcomes (n = 11)
Wrong population (n = 5)
Wrong study design (n = 4)
Duplicate (n = 4)Studies included in review

(n = 17)

Identification of studies via databases 

Id
en

ti
fi

ca
ti

on
S

cr
ee

ni
ng

In
cl

ud
ed

Figure 1.  PRISMA-ScR flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses; PRISMA-ScR, 
PRISMA extension for scoping reviews.



SPORTS HEALTHvol. 16 • no. 1

123

	 7.	 Bollen S. Epidemiology of knee injuries: diagnosis and triage. Br J Sports Med. 
2000;34(3):227-228.

	 8.	 Bram JT, Magee LC, Mehta NN, Patel NM, Ganley TJ. Anterior cruciate ligament 
injury incidence in adolescent athletes: a systematic review and meta-analysis. 
Am J Sports Med. 2021;49(7):1962-1972.

	 9.	 Buckthorpe M. Optimising the late-stage rehabilitation and return-to-
sport training and testing process after ACL reconstruction. Sports Med. 
2019;49(7):1043-1058.

	10.	 Burgi CR, Peters S, Ardern CL, et al. Which criteria are used to clear patients to 
return to sport after primary ACL reconstruction? A scoping review. Br J Sports 
Med. 2019;53(18):1154-1161.

	11.	 Capin JJ, Snyder-Mackler L, Risberg MA, Grindem H. Keep calm and carry 
on testing: a substantive reanalysis and critique of “what is the evidence 
for and validity of return-to-sport testing after anterior cruciate ligament 
reconstruction surgery? A systematic review and meta-analysis”. Br J Sports Med. 
2019;53(23):1444-1446.

	12.	 Case MJ, Knudson DV, Downey DL. Barbell squat relative strength as an 
identifier for lower extremity injury in collegiate athletes. J Strength Cond Res. 
2020;34(5):1249-1253.

	13.	 Czamara A, Królikowska A, Szuba Ł, Widuchowski W, Kentel M., Single- vs. 
double-bundle anterior cruciate ligament reconstruction: a new aspect of knee 
assessment during activities involving dynamic knee rotation. J Strength Cond Res 
2015;29(2):489-499.

	14.	 de Almeida AM, Santos Silva PR, Pedrinelli A, Hernandez AJ. Aerobic fitness in 
professional soccer players after anterior cruciate ligament reconstruction. PLoS 
One. 2018;13(3):e0194432.

	15.	 de la Motte SJ, Lisman P, Gribbin TC, Murphy K, Deuster PA. Systematic review 
of the association between physical fitness and musculoskeletal injury risk: 
part 3 - flexibility, power, speed, balance, and agility. J Strength Cond Res. 
2019;33:1723-1735.

	16.	 Dickerson LC, Peebles AT, Moskal JT, Miller TK, Queen RM. Physical 
performance improves with time and a functional knee brace in athletes after 
ACL reconstruction. Orthop J Sports Med. 2020;8(8):2325967120944255.

	17.	 Gabbett TJ, Domrow N. Risk factors for injury in subelite rugby league players. 
Am J Sports Med. 2005;33:428-434.

	18.	 Grindem H, Snyder-Mackler L, Moksnes H, Engebretsen L, Risberg MA. Simple 
decision rules can reduce re-injury risk by 84% after ACL reconstruction: the 
Delaware-Oslo ACL cohort study. Br J Sports Med. 2016;50(13):804-808.

	19.	 Horschig AD, Neff TE, Serrano AJ. Utilization of autoregulatory progressive 
resistance exercise in transitional rehabilitation periodization of a high school 
football-player following anterior cruciate ligament reconstruction: a case report. 
Int J Sports Phys Ther. 2014;9(5):691-698.

	20.	 Jang SH, Kim JG, Ha JK, Wang BG, Yang SJ. Functional performance tests as 
indicators of returning to sports after anterior cruciate ligament reconstruction. 
Knee. 2014;21(1):95-101.

	21.	 Jones RM, Cook CC, Kilduff LP, et al. Relationship between repeated 
sprint ability and aerobic capacity in professional soccer players. 
ScientificWorldJournal. 2013;2013:952350. PMID: 24198732

	22.	 Keiner M, Sander A, Wirth K, Caruso O, Immesberger P, Zawieja M. Strength 
performance in youth: trainability of adolescents and children in the back and 
front squats. J Strength Cond Res. 2013;27(2):357-362.

	23.	 Keller RA, Mehran N, Austin W, Marshall NE, Bastin K, Moutzouros V. Athletic 
performance at the NFL scouting combine after anterior cruciate ligament 
reconstruction. Am J Sports Med. 2015;43(12):3022-3026.

	24.	 Kirsch AN, Bodkin SG, Saliba SA, Hart JM. Measures of agility and single-legged 
balance as clinical assessments in patients with anterior cruciate ligament 
reconstruction and healthy individuals. J Athl Train. 2019;54(12):1260-1268.

	25.	 Królikowska A, Sikorski Ł, Czamara A, Reichert P. Effects of postoperative 
physiotherapy supervision duration on clinical outcome, speed, and agility in 
males 8 months after anterior cruciate ligament reconstruction. Med Sci Monit. 
2018;24:6823-6831.

	26.	 Kyritsis P, Bahr R, Landreau P, Miladi R, Witvrouw E. Likelihood of ACL 
graft rupture: not meeting six clinical discharge criteria before return to 
sport is associated with a four times greater risk of rupture. Br J Sports Med. 
2016;50(15):946-951.

	 27.	 Lee DW, Yang SJ, Cho SI, Lee JH, Kim JG. Single-leg vertical jump test as a functional 
test after anterior cruciate ligament reconstruction. Knee. 2018;25:1016-1026.

	28.	 Maghsoudipour M, Shabani H, Najafabadi MG, Bakhshi E, Coh P. The 
relationship between emotional intelligence, reaction time, aerobic capacity and 
performance in female track and field athletes at the Universities of Tehran. 
Work. 2018;61(2):173-179.

	29.	 Mehran N, Williams PN, Keller RA, Khalil LS, Lombardo SJ, Kharrazi FD. 
Athletic performance at the National Basketball Association combine 
after anterior cruciate ligament reconstruction. Orthop J Sports Med. 
2016;4(5):2325967116648083.

	30.	 F AM, Schneider DK, Yut L, et al. “What’s my risk of sustaining an ACL injury 
while playing sports?” A systematic review with meta-analysis. Br J Sports Med. 
2019;53:1003-1012.

	31.	 Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E. Systematic 
review or scoping review? Guidance for authors when choosing between a 
systematic or scoping review approach. BMC Med Res Methodol. 2018;18(1):143-
150.

	32.	 Myer GD, Schmitt LC, Brent JL, et al. Utilization of modified NFL combine testing 
to identify functional deficits in athletes following ACL reconstruction. J Orthop 
Sports Phys Ther. 2011;41(6):377-387.

	33.	 Nyland J, Greene J, Carter S, Brey J, Krupp R, Caborn D. Return to sports 
bridge program improves outcomes, decreases ipsilateral knee re-injury and 
contralateral knee injury rates post-ACL reconstruction. Knee Surg Sports 
Traumatol Arthrosc. 2020;28(11):3676-3685.

	34.	 Patras K, Ziogas G, Ristanis S, et al. Endurance markers are related with local 
neuromuscular response for the intact but not for the ACL reconstructed leg 
during high intensity running. J Sports Med Phys Fitness. 2011;51(4):708-714.

	35.	 Peters M, Godfrey C, McInerney P, Soares C, Khalil H, Parker D. Joanna Briggs 
Institute Reviewers’ Manual, 2014 ed. Adelaide: The Joanna Briggs Institute; 
2014.

	36.	 Read PJ, Bishop C, Brazier J, Turner AN. Performance modeling: a system-based 
approach to exercise selection. Strength Cond J. 2016(4);38:90-97.

	37.	 Risberg MA, Grindem H, Oiestad BE. We need to implement current evidence 
in early rehabilitation programs to improve long-term outcome after anterior 
cruciate ligament injury. J Orthop Sports Phys Ther. 2016;46(9):710-713.

	38.	 Sheppard J, Young W. Agility literature review: classifications, training and 
testing. J Sports Sci. 2006;24(9):919-932. PMID: 16882626

	39.	 Siff MC. Supertraining. 6th ed. Denver: Supertraining Institute; 2003.
	40.	 Souissi S, Wong DP, Dellal A, Croisier JL, Ellouze Z, Chamari K. Improving 

functional performance and muscle power 4-to-6 months after anterior cruciate 
ligament reconstruction. Med Sci Sports Exerc. 2011;10(4):655-664.

	41.	 Swenson DM, Collins CL, Best TM, Flanigan DC, Fields SK, Comstock DR. 
Epidemiology of knee injuries among us high school athletes, 2005/2006-
2010/2011. Med Sci Sports Exerc. 2013;45(3):462-469.

	42.	 Teichmann J, Suwarganda EK, Lendewig C, et al. Unexpected-disturbance 
program for rehabilitation of high-performance athletes. J Sport Rehabil. 
2016;25(2):126-132.

	43.	 Thomson K, Watt A, Liukkonen J. Differences in ball sports athletes speed 
discrimination skills before and after exercise induced fatigue. J Sports Sci Med. 
2009;8(2):259-264.

	44.	 Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scoping reviews 
(PRISMA-ScR): Checklist and explanation. Ann Intern Med. 2018;169(7): 
467-473.

	45.	 van Melick N, van Cingel REH, Brooijmans F, et al. Evidence-based clinical 
practice update: practice guidelines for anterior cruciate ligament rehabilitation 
based on a systematic review and multidisciplinary consensus. Br J Sports Med. 
2016;50(24):1506-1515.

	46.	 Watson A, Brickson S, Brindle J, Allee T, Sanfilippo J. Pre-season aerobic fitness 
is an independent predictor of in-season injury risk in collegiate athletes. Clin J 
Sport Med. 2017;27(3):302-307.

	47.	 Watson A, Brickson S, Brooks MA, Dunn W. Preseason aerobic fitness predicts 
in-season injury and illness in female youth athletes. Orthop J Sports Med. 
2017;5(9):2325967117726976.

	48.	 Wood RJ. Agility fitness tests. Topend Sports Website. https://www.topendsports 
.com/testing/agility.htm. Accessed August 10, 2021.

	49.	 Wood RJ. Cardiovascular/aerobic endurance fitness tests. Topend Sports 
Website. https://www.topendsports.com/testing/aerobic.htm. Accessed August 
10, 2021.

	50.	 Wood RJ. Muscular strength and endurance fitness testing. Topend Sports 
Website. https://www.topendsports.com/testing/strength-about.htm. Accessed 
August 10, 2021.

	51.	 Wood RJ. Speed fitness. Topend Sports Website. https://www.topendsports.com/
fitness/speed.htm. Accessed August 10, 2021.

	52.	 Zbrojkiewicz D, Vertullo C, Grayson JE. Increasing rates of anterior cruciate 
ligament reconstruction in young Australians, 2000-2015. Med J Aust. 
2018;208(8):354-358.

For article reuse guidelines, please visit SAGE’s website at http://www.sagepub.com/journals-permissions.


