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Test Batteries After Primary Anterior
Cruciate Ligament Reconstruction:
A Systematic Review

Chelsey Roe, PhD, ATC,*" Cale Jacobs, PhD, ATC,* Johanna Hoch, PhD, ATC,®
Darren L. Johnson, MD,* and Brian Noehren, PT, PhD'

Context: There is a lack of consensus regarding test batteries for return to sport (RTS) after anterior cruciate ligament
reconstruction (ACLR).

Objective: To report the RTS test batteries for individuals after ACLR and to examine alignment with the American
Academy of Orthopaedic Surgeons (AAOS) Appropriate Use Criteria (AUC). Finally, to examine how published RTS batteries
prior to the AAOS AUC (2010-2015) compared with those after publication of the AUC (2016-2020).

Data Source: A systematic search of PubMed (2010-2020).

Study Selection: Studies were included if they were published from 2010 to 2020, patients underwent primary ACLR
and were tested between 6 months and 2 years postoperatively and included a minimum of 2 assessments. Studies were
excluded if patients were tested outside the designated time; had undergone a revision, contralateral, or multiligament
injury; included healthy participants; were level 5 evidence or the study was a systematic review. A total of 1012 articles
were reviewed and 63 met the criteria.

Study Design: Systematic review.
Level of Evidence: Level 4.
Data Extraction: Information regarding the RTS batteries and patient demographics were extracted from the included articles.

Results: A total of 63 studies met the inclusion and exclusion criteria (22 from 2010-2015 and 41 from 2016-2020). The most
common RTS batteries included the hop test, quadriceps strength test, and patient-reported outcome measures. No study
met all 7 AUC; the most common criteria met were functional skills (98.4%), followed by confidence (22.2%), then range of
motion and knee stability (20.6%).

Conclusion: The test batteries in the current literature show high variability and a lack of essential components necessary
for RTS. No study met the AUC guidelines, suggesting a disconnect between recommended guidelines and clinical practice.
Test battery research has expanded over the past decade; however, standardized, clinically applicable batteries that
encompass all criteria are needed.
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poor patient-reported function often persist after may be returning to sport prematurely without adequate
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contribute to secondary injuries.8'1055’62’84 Secondary ACL injuries To decrease the rate of reinjury, subjective evaluation, knee

have devastating long-term health outcomes, including meniscal | examination, and functional test batteries should be assessed at
loss, articular cartilage damage, and onset of osteoarthritis.” In | the time of return to sport (RTS)." 831427 A recent review
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reported that only 13% of studies included objective criteria at
RTS for post-ACL reconstruction (post-ACLR) patients.” Among
the studies that included objective criteria, the most common
assessments were strength testing, performance-based functional
testing, and self-reported knee function.” There is a great deal
of variability regarding the optimal battery of criteria to
implement and which tests are the most applicable in the
clinical setting at the time of RTS.***"**1% 1y 2015, the
American Academy of Orthopaedic Surgeons (AAOS) created
the Appropriate Use Criteria (AUC) that includes a checklist of 7
objective measures (Table 1).* These 7 criteria include
assessments of knee stability, range of motion (ROM), strength,
balance, functional ability, and confidence. RTS criteria have
expanded over the past decade to include additional factors
from the previous objective criteria because of the growing
volume of ACLR outcome studies. The need for further criteria
demonstrates the multifaceted nature of ACL injuries and the
requirements needed to be prepared for the demands of sports.
The AAOS recommendations state that patients who pass 6 of
the 7 criteria on the checklist are permitted to return to
unrestricted activity, suggesting the implementation of these
criteria will decrease the incidence of subsequent knee injury
after RTS.* While these criteria have been developed to create a
consensus among clinicians, it is not known how current
evidence-based test batteries align with the AAOS AUC
recommendations. The purpose of this review was to
systematically search and synthesize the existing literature to
examine similarities and differences in RTS test batteries after
primary ACLR. Second, we examined how these criteria
compared with the AAOS AUC recommendations. Finally, we
determined the differences between articles published from
2010-2015 and 2016-2020 compared with the AAOS AUC
guidelines.

METHODS
Search Strategy

A literature search was performed to retrieve articles that
included test batteries utilized to evaluate RTS after primary
ACLR (Table 2). An electronic database search was conducted in
PubMed that was limited to results in English over the past 10
years (January 2010-July 2020). A copy of the search strategy
can be found in Table 2. The reference lists of included articles
were searched for additional articles relevant to the topic and all
duplicates were removed.

Criteria for Selecting Studies

Studies were included based on the following criteria:

e Studies that included patients who had undergone primary
ACLR with any graft type.

e Studies that included a minimum of 2 tests in the RTS test
battery and examined test batteries or used them for RTS
evaluation.

Table 1. American Academy of Orthopaedic Surgeons
appropriate use criteria®

Patient Return to Play Checklist

1. Patient’s graft incorporation and graft strength has
been considered

2. Patient’s functional range of motion is restored

3. Patient has a stable knee with no pivot

4. Functional return of patient’s core, hip, quadriceps,
and hamstring strength has occurred, as determined
by clinician discretion (can be measured by a variety of
methods)

5. Patient’s functional balance restored

6. Patient attests or surgeon observes functional skills are
performed adequately

7. Patient is confident that he/she is ready to return to
sport of interest

o Studies that examined the test batteries from approximately 6
months and up to 2 years after ACLR.

o Studies that were published from 2010 to 2020 and were
published in English.

o Studies that had participants complete ROM and knee
stability prior to the actual RTS battery, as a part of the
diagnostic examination/inclusionary criteria.

Studies were excluded based on the following:

o Studies that reported RTS evaluation prior to 6 months or 2
years after ACLR.

o Studies that included revision ACLR patients, ACL-deficient
patients, or patients with multiligament knee injuries.
However, patients with meniscal involvement or medial
collateral ligament injuries were included.

o Studies that were considered level 5 evidence or literature
reviews (narrative, systematic review, etc).

o Studies that were non-English language, were systematic
reviews, or included meta-analyses.

o Studies with only healthy participants and articles that
reviewed 1 test.

Data Extraction and Statistical Analysis

Once it was determined the articles met the inclusion criteria,
the articles were carefully reviewed and the following data were
extracted: participant demographic information, graft type,
participant activity level (Tegner activity level/level of sport),
time of follow-up, and the criteria used to determine RTS.
Categorical data were reported as frequencies with percentages.
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Table 2. PubMed search?

Boolean
Step Search Terms Operator
1 Anterior cruciate ligament OR 15,458
Anterior cruciate ligament reconstruction
ACL
ACLR
2 Return to sport OR 27,928
Return to play

Sport re-entry

Return to competition
Return to activity
Preinjury level

3 Knee 86,030
4 Functional test OR 7,964,523

Functional test battery

Assessment

Outcome measure

Outcome

Outcomes

Criteria

Reported

Function
5 1+2+3+4 AND 1012
References 6
Hand search 2
Total identified 63

(((((anterior cruciate ligament) OR anterior cruciate
ligament reconstruction) OR acl) OR aclr)) AND ((((((return
to sport) OR return to play) OR sport re-entry) OR return
to competition) OR return to activity) OR pre-injury level)
AND knee) AND (((((((((((functional test) OR functional
test battery) OR assessment) OR outcome measure) OR
outcome) OR outcomes) OR criteria))) OR reported) OR
function)

®ACL, anterior cruciate ligament; ACLR, ACL reconstruction.

RESULTS for 10.6%. The articles included in the current review offered a
variety of activity level information, all studies included
participants with a minimum Tegner score of 5, and participants

The search resulted in 63 studies meeting the inclusion and played in level 1 or 2 sports or the article did not identify
exclusion criteria. A total of 9439 patients (61.3% men) were

included in the review. The mean age of the participants was
23.6 + 5.2 years. The average time from surgery to RTS testing Similarities ?nd Differences in RTS

was 10.0 £ 3.9 months. The most common graft utilized was the Test Batteries

hamstring autograft (71.7%) followed by bone-patellar tendon- | There was no consistent test battery utilized among the

bone autograft (18.3%), while the allograft and others accounted | literature; however, the batteries contained variations of similar

Literature Search

activity level.
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Table 3. Most common assessments out of the 63 included
studies

Most Common Criteria

No. of Studies (%)

Single-leg hop for distance? 55 (87.3)
Triple hop® 39 (61.9)
IKDC® 34 (54.0)
Crossover hop? 30 (47.6)
6-m timed hop® 25 (39.7)
Isokinetic strength at 60 deg/s’ 21(33.3)
Isokinetic strength at 180 deg/s? 16 (30.2)
Koos" 15 (25.4)
Isometric at 90°/ 15 (25.4)
Knee stability 13 (20.6)
Range of motion* 13 (20.6)
Tegner’ 13 (20.6)

IKDC, International Knee Documentation Committee; KOOS, Knee injury
and Osteoarthritis Outcome Score.
12,15,18,19,22,24-27,29-33,35-37,39-41,44,50,52,53,55-57,61,65-
72,75,76,78,81,82,84,86-88,91,92,95,96,97,100-102,107.
12,17-19,24-27,29,30,32,33,35,36,39,50,57,61,65-68,70-
72,78,82,84,86-88,92,95,99-102,107.
%,19,22,27,30,31,35,37,40,52,53,56,57,59-
61,65,67,72,75,76,78,82,84,86,87,92,95,96,97,100,101,107.
%18,19,25-27,29,30,32,36,39,44,50,61,65-68,70-
72,76,78,82,84,86,88,92,102,107.
#12,19,25-27,29,30,32,36,39,57,61,68,70-
72,76,78,82,84,86,88,92,102.

f17,19,21,22,35,39,44,52 53,55,56,59-61,66,73,75,82,87,100,101.
919,26,35,37,50,55,65,66,78,87,88,92,100,101,107.
"2,15,27,41,44,50,57,65,69,78,81,82,84,86.
12,19,22,26,32,36,44,61,65,67,70,72,86,102.
I5,27,37,52,53,56,57,60,64,78,95-97.
k19,27,59,60,64,70,71,75,82,86,95-97.
'5,16,21,27,41,50,53,56,57,59,60,87,107.

criteria for RTS. In total, there were 32 different functional tests
among the 63 articles, 13 methods for measuring strength, and
21 different patient-reported outcomes (PROs). The test batteries
most commonly consisted of traditional hop testing, strength
assessments, and PROs, including Knee injury and Osteoarthritis
Outcome Score (KOOS) and International Knee Documentation
Committee (IKDC) (Table 3). A majority (98.4%) of the articles
implemented hop testing, with the most common test being the
single-leg hop for distance (87.3%, Table 4), followed by the
triple hop (61.9%), crossover hop (47.6%), and 6-m timed hop
(39.7%). Strength was assessed in 52 studies (82.5%). Isokinetic
strength at 60°/s was the most commonly (33.3%) utilized

Table 4. Most common functional tests for each study

No. of Studies

Functional Skills (%)
Single-leg hop for distance? 55 (87.3)
Triple hop” 39 (61.9)
Crossover hop°® 30 (47.6)
6-m timed hop 25(39.7)
Side hop® 11 (17.5)
Single-leg vertical jump'541:%6:8187.91 6(9.5)
Single-leg squat test2*33:3440.96 5(7.9)
Landing Error Scoring System?8-%-100.101 4(6.3)
Shuttle run®°6:8 3(4.7)
Single-leg landing'®**7® 3.7
Double-leg CMJ?'28% 3(4.7)
Drop vertical jump®"67 3(4.7)
Agility program>%6%7° 3(4.7)
Double-leg vertical jump®® 2(3.2)
Lateral bounding®*3* 2(3.2
Broad jump®"® 2(3.2)
Forward/backward jogging®*** 2(3.2)
Single-leg CMJ?"28 2(3.2)
Plyometric jump test?"? 2(3.2
Speedy jump test?"? 2(3.2)
Quick feet test?"? 2(3.2)
Modified lllinois'”"'® 2(3.2
Co-contraction test™ 2(3.2)
Carioca test®®*® 2(3.2)
Tuck jump® 1(1.6)
Modified agility T test®® 1(1.6)
Functional movement screen® 1(1.6)
5-jump test® 1(1.6)
Square hop® 1(1.6)
Sprint braking test'’ 1(1.6)
Quality movement assessment™’ 1(1.6)
(continued)
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Table 4. (continued)

No. of Studies

Table 5. Strength assessments

No. of Studies
(%)

Strength Measures

Functional Skills (%)
ik a
Side-step cut test'” 1(16) Isokinetic strength at 60 deg/s 21 (33.3)
— b
Normal running and landing/4 weeks of 1(1.6) Isokinetic strength at 180 deg/s 16254
unrestricted training® Isometric at 90°° 15 (23.8)
CMJ, countermovement jump. Other? 11(17.5)
#12,15,18,19,22,24-27,29-33,35-37,39-41,44,50,52,53,55-57,61,65- —
72,75,76,78,81,82,84,86-88,91,92,95,96,97,100-102,107. Isokinetic strength at 300 deg/s® 9(14.3)
512,17-19,24-27,29,30,32,33,35,36,39,50,57,61,65-68,70- —
72,78,82,84,86-88,92,95,99-102,107. Isokinetic strength at 6(9.5)
“18,19,25-27,29,30,32,36,39,44,50,61,65-68,70- 90 deg/s'*#" 9306572
72,76,78,82,84,86,88,92,102,107. : Pr—
%12,19,25-27,29,30,32,36,39,57,61,68,70- Isometric strength at 60°™™ 4(6.3)
72,76,78,82,84,86,88,92,102. ) .
“46,18,31,35,41,57,69,81,91,100,101. Hip strength™ 2(3.2)
Isometric hamstring at 90°'°5° 2(3.2)
Isokinetic strength at 120 deg/s'”’ 1(1.6)
strength assessment, foll‘owed by isokinetic strength at . Isometric strength at 30°'° 1(1.6)
180 deg/s (25.4%), and isometric strength at 90° of knee flexion
(23.8%) (Table 5, Figure 1). A total of 49 studies (77.8%) Core strength 0(0)

implemented PROs (Table 6). The IKDC was the most
frequently utilized outcome measure (54.0%); KOOS (23.8%)
was second, followed by the Tegner activity level scale (20.6%),
ACL-Return to Sport after Injury Scale (ACL-RSD (17.5%), and
Knee Outcome Survey Activities of Daily Living (15.9%).

How the Reported Test Batteries
Align With the AAOCS AUC

None of the included studies met all 7 recommended AUC
(Figure 2). All studies assessed functional skills but 1 (98.4%).”
Three studies included measures of hip strength, " and no
study included an assessment of core strength. Although 82.5%
of studies did report a measure of strength, none of the
studies assessed all suggested strength assessments
(quadriceps, hamstring, hip, and core strength) in 1 battery.
Fourteen studies (21%) included PROs, and most often utilized
more than 1, which resulted in an overwhelming total of 116
PROs. Fourteen of the 63 (22.2%) studies included an
assessment of confidence with the ACL-RSI, Tampa Scale of
Kinesiophobia (TSK-11), or a single question from the KOOS-
Quality of Life questionnaire. Thirteen studies (20.6%)
measured knee stability using the KT-1000/2000, Com-puKT,
Lachman or pivot-shift test. Only 13 of 63 of studies (20.6%)
included ROM and 8 studies (12.7%) included measures of
balance. Graft strength was not assessed.

Differences Between the 2010-

2015 and 2016-2020 Test Batteries

With the AAOS AUC Guidelines

The AAOS guidelines were created in 2015. From 2010 to 2015,
22 articles fit the inclusion criteria for RTS batteries in the

"7,19,21,22,35,39,44,52,53,55,56,59-61,66,73,75,82,87,100,101.
"19,26,35,37,50,55,65,66,78,87,88,92,100,101,107.
12,19,22,26,32,36,44,61,65,67,70,72,86,102.
75,17,22,41,55,57,71,75,82,91,96.

¢35,50,78,88,100,101,107.

Number of Strength Assessments
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Strength Assessment

Figure 1. Most common strength assessments of all the
included studies.

current study. The most common assessments were functional
skills (95.5%) and a measure of strength (86.4%). Knee stability
and ROM were included in 5 studies (22.7%). From 2016 to
2020, 41 articles fit the inclusion criteria for the current study.
Functional skills were included in 100% of the articles and 33
articles (80.5%) included a strength assessment. In the more
recent articles, 11 (26.8%) included an assessment of confidence
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Table 6. Patient-reported outcomes

No. of Studies

Patient-Reported Outcomes (%)
IKDC? 34 (54.0)
K00S? 15 (23.8)
Tegner® 13 (20.6)
ACL-RSI? 11 (17.5)
KOS-ADL® 10 (15.9)
Lysholm’ 9(14.3)
GRS2532:36,3961,70 6 (9.5)
Global Rating of Perceived Function'2""% 3(4.7)
TSK-11%96067 3(4.8)
Physical Activity Scale*"° 2(3.2)
Return to sport status>>®° 2(3.2)
NSARS?%0 2(3.2)
SANEY 1(1.6)
K-SES" 1(1.6)
NRS* 1(1.6)
Knee pain intensity® 1(1.6)
Episode of instability™ 1(1.6)
VAS?! 1(1.6)
WOMAC®’ 1(1.6)
Marx Activity*’ 1(1.6)

ACL-RSI, Anterior Cruciate Ligament—Return to Sport after Injury Scale;
GRS, Global Rating Scale; IKDC, International Knee Documentation
Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; KOS-
ADL, Knee Outcome Survey Activities of Daily Living Scale; K-SES, Knee
Self-Efficacy Scale; NRS, Numeric Rating Scale; NSARS, Noyes Sports
Activity Rating Scale; SANE, Single Assessment Numeric Evaluation
Score; SF-8, Short Form 8; TSK-11, Tampa Scale of Kinesiophobia;
VAS, visual analog scale; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
%5,19,22,27,30,31,35,37,40,52,53,56,57,59-
61,65,67,72,75,76,78,82,84,86,87,92,95-97,100,101,107.
b42,15,27,41,44,50,57,65,69,78,81,82,84,86.
%5,16,21,27,41,50,53,56,57,59,60,87,107.
18,19,26,35,52,56,67,81,82,100,101.

®12,25,27,32,36,39,61,70,71.

f12,22,37,53,55-57,76,82.

with either the ACL-RSI, TSK-11, or a question from the KOOS-
Quality of Life. Table 7 represents the number of studies that
met each AAOS AUC guideline before (2010-2015) and after
(2016-2020) its creation in 2015.

Articles by AAQS Criteria
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Figure 2. Number of articles that met each American
Academy of Orthopaedic Surgeons (AAQS) appropriate use
criterion. ROM, range of motion.

DISCUSSION

The primary purpose of the review was to determine the
existing RTS test batteries for post-ACLR patients in the
literature. A secondary goal was to determine how the RTS test
batteries align with the AAOS AUC guidelines. The last purpose
was to examine how published RTS batteries prior to the AAOS
AUC guidelines (2010-2015) compared with those published
after the AAOS AUC guidelines (2016-2020). Although subjective
and objective criteria have been included in the RTS decisions
across all included studies, there remains a variety of tests that
comprise these batteries and none of the test batteries reported
all necessary criteria recommended by the AAOS AUC.
Furthermore, high variability persists between test batteries with
a lack of standardized measures.""* However, objective criteria
have been used more frequently than previously reported.” The
articles included in this review rarely included measurement
strategies other than hop testing, quadriceps strength, and PRO
measures. The AAOS AUC recommendation includes an
extensive multifaceted approach for a successful RTS™ 5403,
however, the current literature published either before or after
the AAOS AUC has not incorporated this approach in RTS
testing.

Similarities and Differences in RTS
Test Batteries

In total, 33 different functional tests were reported in the 63
studies included in this review (Table 4). The Noyes hop tests,”*
specifically the single-leg hop for distance, were the most
common tests of function. The limb symmetry index (LSI) uses
average measures of the uninvolved limb for comparison with the
involved limb to determine readiness to RTS.”* Symmetry is
traditionally defined using a cutoff of 90% or greater, meaning
limb to limb asymmetries are reduced to 10% or less.” Recently,
hop testing and LSI have been called into question.**'" The
literature suggests hop tests have failed to correlate with RTS'";
however, with more stringent limb symmetry requirements, they



vol. 14 e no. 2

SPORTS HEALTH

Table 7. Studies meeting American Academy of Orthopaedic Surgeons appropriate use criteria

No. of Studies

Criteria 2010-2020 2010-2015 2016-2020
Functional skills 62 21 41
Strength 52 19 33
Confidence 15 4 11
Range of motion 14 5 9
Stable knee 14 5 9
Balance? 8 1 7
Graft incorporation 0 0 0
Total articles 63 22 41

#21,26,28,31,64,69,73,78.

may be a better representative measure of RTS readiness.””*

Although single-limb testing may reveal deficits not identified
during double-limb testing,68 asymmetrical loading of both limbs
after ACLR is a risk factor for ipsilateral and contralateral
injury.m7 Hop testing does not appear to capture all the essential
components necessary for a safe RTS at this time. > However, it
does appear to be the most common data element used across
studies examining RTS criteria for patients after primary ACLR.

Quadriceps weakness correlates with greater movement
asymmetries,” lower self-reported and performance-based
measures,*'™ and is predictive of failing RTS criteria.” While
there is agreement that adequate quadriceps strength remains a
key variable prior to RTS,” the current literature lacks standard
guidelines of assessment.” The most common measurement of
strength was isokinetic angular velocity of 60 deg/s followed by
180 deg/s. However, there was no justification in the studies as
to why these velocities were selected. Furthermore, cutoff
scores of 10% to 15% have been suggested for the LSI,**2%%2
yet the most acceptable deficits remain unknown. Additionally,
studies that reported quadriceps strength utilized an isokinetic
dynamometer that may not be available in all settings. Cost-
effective and clinically feasible approaches are necessary to
determine if these methods are indicative of quadriceps function
prior to unrestricted RTS.

Psychological factors have become increasingly reported as
measures of patient perspective and have been shown to
heavily influence RTS.'*"** Additionally, knee impairments have
been associated with psychological variables, highlighting the
link between subjective and objective function.” The most
common self-reported measure in this review was the IKDC.
The IKDC is used to assess knee symptoms, function, and
sports activities.” However, the IKDC does not address

measures of confidence or fear of reinjury, which was cited as
the most common reason for reduction or cessation of preinjury
level of sport.” There are additional measures that have been
used to assess confidence,” fear of movement/reinjury,m or
self-efficacy in post-ACLR patients.”””’ Although a lack of
consensus remains, psychological variables must be addressed
prior to RTS.” Future work should determine how to address
these impairments throughout rehabilitation, as psychological
variables are modifiable.*”

Included Studies’ RTS Test Batteries
Alignment With the AAOS AUC

None of the studies presented in this review met the criteria
recommended by the AAOS AUC guidelines. A disconnect exists
between the current evidence-based literature, the proposed
AUC guidelines, and clinical practice. From the review, 98% of
articles met the functional skills criteria and 82.5% met at least 1
strength criterion. However, no study included all strength
measures suggested by the AAOS including assessments of
quadriceps, hamstring, hip, and core strength. Furthermore, less
than 30% of the studies included any assessment of confidence,
ROM, knee stability, or balance. The first item on the AUC
guidelines is “graft incorporation and strength.” This item may
need further explanation as item 3 refers to knee stability that
can be simply assessed in the clinic. For this reason, we did not
assess any studies for “graft incorporation and strength.”
Furthermore, this battery recommended by the AAOS guidelines
may not be assessed by 1 clinician. The AAOS AUC guidelines
do not provide specific methods of assessment for clinicians
and investigators to follow since consensus does not exist.

The AUC recommend a battery of strength assessments that
include hip and core strength, along with confidence. Only 2
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articles measured hip strength™”® and included a handheld
dynamometer (HHD) and a Biodex, respectively. Isokinetic
dynamometers and HHDs may not be available in all clinical
settings. None of the studies assessed core strength of any kind.
Hip weakness and poor trunk control have been implicated as
risk factors in lower extremity injur§72‘46'48’109 and associated with
biomechanical deficits that are linked to second injury risk.”®
Clinically applicable assessments of hip and core strength are
necessary to reach athletes in all settings. Furthermore, the AUC
guidelines specifically indicate confidence as a measure of RTS
rather than a generalized patient-reported function questionnaire.
Fear of movement/reinjury is the most common reason for not
returning to preinjury level." Increased fear and poor confidence
have been related to greater asymmetries on single-leg hop testing
and quadriceps strength deficits.""*” All athletes should be
assessed for confidence and fear of movement/reinjury to identify
those at a greater risk of future injury.

Underrepresented guidelines within the AAOS AUC included
the knee stability tests, ROM, and balance. Less than a quarter
of the studies reported a Lachman, pivot-shift, or KT-1000 test to
determine knee stability. These measures are designed to assess
anterior and rotational stability of the knee joint allowing
patients to return to higher levels of activity."™ Poor
postoperative results have been linked to knee ROM deficits'*;
however, few studies reported ROM at RTS. Balance
assessments were only included in 8 studies, with 7 different
methods for assessment, including dynamic postural control and
static balance. Dynamic postural control involves a level of
expected movement around a base of support, which may
better replicate the demands of physical activity.”® Though some
articles included dynamic postural control assessments such as
the Y-balance test or Star Excursion Balance Test, others
included a static balance assessment on a hard or unstable
surface. These criteria have not improved from a systematic
review conducted in 2011." It is imperative that clinicians and
researchers incorporate a multifaceted assessment in future RTS
testing protocols for patients and research participants.

Comparison of Published RTS Criteria
in 2010-2015 and 2016-2020
With the AAOS AUC

The number of articles published between 2016 and 2020 (41
articles) nearly doubled from the previous 5-year period of
2010-2015 (22 articles). Hop testing continues to be the number
1 method of RTS assessment across all time points. The most
noticeable changes were increases in the assessment of
confidence and balance. However, confidence, balance, ROM,
and knee stability remain underrepresented through all 10 years.
From the most recent publications (2016-2020), few changes
have been implemented to create a test battery that
encompasses the AAOS AUC guidelines. However, the surge in
the number of articles suggests the increased interest on this
critical issue and the need for an acceptable test battery.
Research that has been conducted on PROs, specifically
confidence, may have successfully driven investigators to

include an assessment of confidence/fear of reinjury. Although
this increase was minimal (8.6%), it should be recognized as an
important step for RTS test batteries. Furthermore, balance
assessments increased the most dramatically from 1 to 7 studies
through the past 10 years. Multiple assessment methods were
clinically applicable in any setting apart from a Biodex stability
test.”® Finally, there was an increase in ROM and knee stability
tests included in the most recent publications (2016-2020).
While there was an increase in the number of studies published
between 2016 and 2020, the items included in the published
RTS batteries do not appear to be significantly different from
2010 to 2015 or in line with the AAOS AUC guidelines.

Finally, an eighth criteria was included in the AAOS guidelines,
that patients be advised to participate in an ongoing ACL
prevention/movement retraining program. This final criterion is
included in the new guidelines; however, it is difficult to assess
as it is a recommendation by the AAOS. Salem et al™ required 6
of the 7 criteria be met to RTS; however, there was no mention
of a prevention program. None of the included studies
described any education or health promotion strategies for the
included participants. However, the inclusion of health
promotion strategies at the time of RTS may be important for
many reasons, as prevention programs have been shown to
reduce the risk of secondary injury and are warranted for
individuals after ACLR.®

According to the current literature and AUC recommendation,
the RTS battery should include the single-leg hop for distance,
measures of both quadriceps and hamstring strength, the PRO
(IKDC) and confidence (ACL-RSD), knee stability (KT-1000),
knee ROM assessment, and a functional balance (dynamic
single-leg balance) test (Table 8). Previous studies and reviews
have recommended similar criteria to the AAOSl"%’(”%'(’S’%'”B;
however, no study has implemented all factors into 1 battery
aimed at RTS. No gold standard exists, and many questions
remain around the current test batteries, leaving many areas to
be explored further. Additionally, the recommended battery is
time-consuming and limited evidence exists to justify the
inclusion of all 8 features.

This review is not without limitations. First, we did not include
recommendations, commentaries, healthy individuals, or
patients after revision ACLR. This potentially minimized the
number of batteries included in our assessment. It is possible
that some studies were not captured; however, with a large
database and reference search we believe this to be minimal.
Additionally, we did not assess the results of these test batteries,
only the content of the batteries themselves. Last, we recognize
that the studies were conducted in the years prior to submission
and acceptance, and some prior to the AAOS AUC guidelines.
However, we did further explore publication time frame and
report our results according to publication date.

CONCLUSION

This systematic search of the literature reviewed all RTS test
batteries after primary ACLR since 2010. Reporting has improved
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Table 8. Return-to-play checklist and recommendations based on results of the current study?

Patient Return-to-Play Checklist Recommendation

1. Patient’s graft incorporation and graft strength has been considered

Not applicable

2. Patient’s functional range of motion is restored

Knee flexion and extension range
of motion

3. Patient has a stable knee with no pivot

KT-1000

4. Functional return of patient’s core, hip, quadriceps, and hamstring strength has occurred,
as determined by clinician discretion (can be measured by a variety of methods)

Quadriceps and hamstring
strength

5. Patient’s functional balance restored

Dynamic balance assessment

6. Patient attests or surgeon observes functional skills are performed adequately

Single-leg hop for distance

7. Patient is confident that he/she is ready to return to sport of interest

ACL-RSI and IKDC

retraining program

8. Patient has been advised to participate in an ongoing ACL prevention/movement

Not applicable

®ACL, anterior cruciate ligament; ACL-RSI, ACL—Return to Sport after Injury Scale; IKDC, International Knee Documentation Committee.

to include more than time postoperatively for RTS testing;
however, there is still lack of standardized measures across
studies. A variety of hop tests, quadriceps strength assessments,
and PROs have been included within the published RTS test
batteries. Additionally, no study meets all recommended AAOS
AUC guidelines. Finally, test battery research has expanded over
the previous 10 years; however, standardized, clinically
applicable batteries that encompass all components
recommended by the AAOS AUC are missing.
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