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Abstract

Purpose of Review Because of the epidemiological incidence
of anterior cruciate ligament (ACL) injuries, the high reinjury
rates that occur when returning back to sports, the actual num-
ber of patients that return to the same premorbid level of com-
petition, the high incidence of osteoarthritis at 5—10-year fol-
low-ups, and the effects on the long-term health of the knee
and the quality of life for the patient, individualizing the return
to sports after ACL reconstruction (ACL-R) is critical.
However, one of the challenging but unsolved dilemmas is
what criteria and clinical decision making should be used to
return an athlete back to sports following an ACL-R. This
article describes an example of a functional testing algorithm
(FTA) as one method for clinical decision making based on
quantitative and qualitative testing and assessment utilized to
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make informed decisions to return an athlete to their sports
safely and without compromised performance. The methods
were a review of the best current evidence to support a FTA.
Recent Findings In order to evaluate all the complicated do-
mains of the clinical decision making for individualizing the
return to sports after ACL-R, numerous assessments need to
be performed including the biopsychosocial concepts, impair-
ment testing, strength and power testing, functional testing,
and patient-reported outcomes (PROs).

Summary The optimum criteria to use for individualizing the
return to sports after ACL-R remain elusive. However, since
this decision needs to be made on a regular basis with the
safety and performance factors of the patient involved, this
FTA provides one method of quantitatively and qualitatively
making the decisions. Admittedly, there is no predictive va-
lidity of this system, but it does provide practical guidelines to
facilitate the clinical decision making process for return to
sports. The clinical decision to return an athlete back into
competition has significant implications ranging from the
safety of the athlete, to performance factors and actual litiga-
tion issues. By using a multifactorial FTA, such as the one
described, provides quantitative and qualitatively criteria to
make an informed decision in the best interests of the athlete.

Keywords ACL injury - ACL reconstruction - Return to
sport - Functional testing - Testing algorithm - Criterion-based
progression

Introduction
Anterior cruciate ligament (ACL) knee injuries are common
with an estimated prevalence of approximately 350,000 ACL

reconstructions performed in the USA annually [1] with
roughly one million completed worldwide each year.
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Following an ACL reconstruction, there are various short-
term [2] and long-term [3¢] implications that will ultimately
affect the health of the knee as well as the overall quality of life
for the patient.

Unfortunately, even with appropriate surgery and rehabili-
tation, there is a high risk of reinjury [4]. This risk for reinjury
is multifactorial and made up of not just one isolated source,
but various sources working in combination. Nevertheless, a
thorough evaluation of the testable and trainable modifiable
risk factors associated with reinjury is essential. Certainly one
question that has been raised in the literature is: “What are the
criteria used for clinical reasoning and decision-making for
return to sports (RTS)”? Barber-Westin and Noyes [5] per-
formed a systematic review and found the following criteria
from 264 studies: 105 (40%) failed to provide any criteria for
RTS, 84 (32%) provided only post-operative time as the sole
criteria, 40 (15%) detailed time and subjective criteria, and 35
(13%) focused RTS on objective criteria. Out of the 35 stud-
ies, the following objective criteria were used: 9% used mus-
cle strength criteria of 80-90% of quadriceps and hamstrings,
6% use effusion and range of motion, 4% used a single leg hop
test, 1 study used stability, and 1 study used validated ques-
tionnaires only. Ultimately, many different criteria, both based
on time and objective and subjective benchmarks, were shown
[5] for assessment to allow for a successful RTS.

Furthermore, Ardern et al. [6°] demonstrated only approx-
imately 55% of patients following an ACL injury returned to
their same premorbid level of activity in 314 participants at a
mean 39.6 months following surgery. Ardern et al. [6¢] listed
three non-modifiable criteria as part of the total five that influ-
enced the patient’s ability for RTS including age, male gender,
and a positive psychological response. Consequently, when
designing a functional testing algorithm (FTA) for RTS, the
evaluation criteria should focus on modifiable, instead non-
modifiable, risk factors during testing given that treatment
interventions can influence them.

Approving a return to sport following an ACL reconstruc-
tion is one of the most challenging, complex, and difficult
decisions that may be made by a sports medicine team.
Therefore, the team including the physician, physical thera-
pist, athletic trainer, strength and conditioning specialist, sport
psychologist, and coach need to discuss the decision and ar-
rive at a consensus regarding the ideal time for the patient to
return to full activity. In all, several factors must be taken into
consideration for a safe return. This ultimately warrants a
thorough and honest discussion between all team members.

The topic of return to sports following an ACL injury has
seen a recent explosion in the literature. As an example,
performing a MedLine Search for “ACL AND return to
sports” on January 15, 2017 produced 840 references, includ-
ing approximately 300 within the last 3 years alone. The ma-
jority of the original literature for RTS following ACL recon-
struction was temporally focused instead of centered on
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objective measures. The more current literature, however, fo-
cuses RTS around milestone-based progression with exami-
nation via objective and functional testing. One of the major
trends in the most recent literature is to assess the
biopsychosocial aspects of RTS instead of just the physical/
physiological parameters. Although all of the biopsychosocial
aspects are certainly important to consider for RTS, the focus
of this article will be on a quantitative and qualitative FTA
criterion-based impairments, strength and power testing, and
functional testing.

There are specific categories that have been identified as
being important for RTS. The majority of the literature [7—12,
13e, 14+, 15-22] indicates a battery of tests is necessary to
assess various outcome parameters and establish criterion-
based clinical reasoning for RTS. This review acknowledges
multiple tests that should be done aside from medical approval
and clearance by the physician to verify a successful RTS such
as follows: range of motion, KT1000/KT2000, Lachman’s
test, Pivot shift test, isotonic strength tests, isokinetic strength
tests, maximum force/peak torque, angle-specific torque test-
ing, rate of force development, hop tests, jump landing tasks
(LESS), knee proprioception/kinesthesia/joint position sense
testing, quality of movement tests, kinematic analysis, psy-
chological factors/tests based on the anterior cruciate
ligament-return to sport after injury (ACL-RSI) scale, PROs:
anterior cruciate ligament-return to sport after injury (ACL-
RSI) scale, IKDCs, KOOSs, ADL scales, Sport scales, knee
self efficacy scale, Quality of Scales, ACL-RSI, Tegner
Activity Scale (TAS), Lysholm Scale, and Tampa
Kinesiophobia Index.

Despite significant advances concerning ACL injury rec-
ognition, surgery, and rehabilitation over the past 40 years,
substantial challenges persist for the specific criteria for RTS
at the pre-injury level of performance with the ultimate goal of
reinjury prevention. Therefore, the purpose of this article is to
discuss current literature in selected areas of emphasis for
criteria for RTS. Although multiple parameters for RTS have
been described, our focus will be on the criteria authors con-
sider most important for a successful RTS. One assessment
method based on the use of a FTA, which has been used by the
senior author for 37 years, will be described in detail and
forms the foundation of this article [23] (Table 1).

Methods

A quantitative and qualitative FTA (Fig. 1) has been used for
37 years as the clinical decision making model for criteria for
return to sport in the setting of an ACL reconstruction by the
senior author. General guidelines about the FTA will be pre-
sented first, followed by the specific criterion-based stages.
Initially, the patients are stratified into various activity levels
including general orthopedic patients, recreational athletes,
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Table 1  Return to sport testing considerations

Physician approval

MRI-based graft maturity

Basic measurements

Personality type

Level of sports activity
Patient-reported outcome measures

Anterior cruciate ligament—return to spots after injury (ACL-RSI)
scale

International Knee Documentation Scale (IKDC)
Knee orthopedic outcome scales (KOOS)
Tegner activity scale
Lysholm scale
Tampa Kinesiophobia Index
Activities of daily living (ADL) scales
Sports-specific scales

Adequate range of motion

Stable KT1000/KT2000 measurements

Balance testing/knee proprioceptive tests/kinesthesia/joint position sense
testing
Quality of movement tests

Stable manual ligament stability tests (Lachman’s and Pivot shift)
Manual muscle testing/hand held dynamometry—entire lower extremity
Isotonic strength tests
Isokinetic strength tests
Maximum force/peak torque
Angle-specific torque
Rate of force development
Kinematic analysis/gait analysis/running analysis
Functional tests
Jump tests
Hop tests
Lower Extremity Functional Test (LEFT)
Sport-specific testing

Prevention programs

and competitive athletes. These patients will only be tested to
a certain level in the FTA, which represents their activity
levels. The FTA is an objective, quantitative, and qualitative
method to safely and effectively assesses a patient’s progress
from immediate post injury/post-op to return to complete res-
olution of injury and RTS. Moreover, the purpose of the FTA
is to identify a patient’s particular deficits so that they can be
addressed through the rehabilitation program. The FTA is di-
vided between strength and power testing and functional tests
to evaluate the functional limitations and residual disability,
respectively. Each test, and its associated training regimen,
successively increases stress on the patient. In all, if the patient
demonstrates a deficit in the testing parameter, then the reha-
bilitation program will focus on rectifying the deficiency.
Once a deficit is detected, the patient is retested after an

appropriate time frame and allowed to move to the next level
of performance if the test is passed. By incrementally testing
patients, we found very fast rehabilitation time with a protocol
that focuses on interventions specific to the patient’s particular
condition and functional status [24].

Basic Measurements

Basic measurements include all fundamental tests and mea-
surements involving any examination of a patient. First, these
include subjective information including history, and mecha-
nism of injury. Then, from the objective physical examination,
it includes observation and posture, gait evaluation, palpation,
leg length measurements, anthropometric measurements,
referral/related joints, neurological examination, goniometric
active range of motion (ROM), passive ROM, manual muscle
testing (Resisted ROM), isokinetic testing, flexibility tests,
passive mobility testing, patient-reported outcomes (IKDC,
Lysholm, etc.), Tampa Kinesiophobia Index, ACL-RSI, and
others. Lastly, a thorough understanding of all medications,
laboratory tests, and imaging results involving the patient is
critical for a relevant examination.

KT 1000/2000 Ligament Stability Testing

Although there is some controversy regarding the use of static
ligament stability testing, if equipment is available to objec-
tively document the ligamentous stability, then it should cer-
tainly be used. In all, this examination provides a more accu-
rate, more objective assessment of the static restraints com-
pared to manual tests, such as a Lachman’s or pivot shift test,
which are subject to possible misinterpretation.

Sensorimotor System Testing: Balance/Proprioceptive
Testing

Given that most functional activity in sports occurs in a weight
bearing position, we recommend sensorimotor system testing
be performed in a weight bearing position. There are a variety
of devices that can be used to assess balance, such as a Biodex
Balance Stabilometer. Moreover, weight bearing or non-
weight bearing angular joint replication testing can also be
performed to measure proprioception of the knee. As a result
of the report loss of proprioception following an ACL injury,
angular joint replication testing is absolutely key [25]. Several
recent studies [26—29] have also discussed and stressed the
importance of knee proprioception following an ACL injury
for the long-term health of the knee.

Closed Kinetic Chain Testing

Controlled closed kinetic chain testing of muscle strength and
power should be examined. This can be performed with Linea
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Fig. 1 Functional testing
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Isokinetic testing [30], progressive resistive exercise (PRE)
testing, wall slide tests, a Vail Sport Cord test, or plyometric-
type power tests. When performing closed kinetic chain
(CKC) testing, multiple lower extremity muscle groups are
being tested simultaneously. Consequently, if there is a deficit,
the question remains as to where the specific deficit is located.

Open Kinetic Chain Testing
Open kinetic chain (OKC) or isolated muscle test performance

can be performed by manual muscle testing (MMT), hand
held dynamometry (HHD), dynamic PRE testing, or dynamic
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isokinetic testing. There are numerous reasons for performing
isolated testing, which include examination of possible inter-
dependency between muscles proximal or distal to the knee to
determine any weakness or compensation [31, 32], identifica-
tion of muscles which may be compensating for a potential
weakness within the kinematic chain, and lastly, determina-
tion of isolated muscle performance to assess whether or not a
muscle may be dependent on other muscles of the kinetic
chain.

For many years, clinicians have complained that isokinetic
testing is not functionally based. Although this is true, func-
tion is made up of individual links, which together construct a
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kinematic chain. Consequently, if each link in the kinematic
chain is not tested, then the presence of a deficit cannot be
confirmed. Therefore, we suggest to “test, don’t guess.”
Interestingly, several studies demonstrate a correlation be-
tween OKC isolated testing and functional performance test-
ing [33-35]. Moreover, although peak torque is the most com-
monly assessed value in over 3000 articles (PubMed Search,
January 15, 2017) dealing with isokinetic testing of the knee,
we continue to recommend [36—38] that angle-specific torque,
total work, average power, and rate of force development be
examined as part of a full patient muscle performance evalu-
ation. This is based on previous findings, which show that
quadriceps force development deficits are one of the primary
limiting factors in RTS [39—42]. Ultimately, the ability to gen-
erate force quickly is a key factor in muscular performance
and a successful RTS. As part of a full examination, bilateral
comparisons, unilateral ratios, and comparison to sport-specif-
ic/position-specific [36] data is necessary.

Functional Jump Tests

When starting to perform functional testing, we begin
with a double leg jump test to develop confidence in
the patient that they can jump off BOTH legs with the
controlled propulsive force [43—45]. However, more im-
portantly, it is a “psychological apprehension” for the
patient to have to control the eccentric deceleration
landing, particularly for the involved knee. We think it
is important for the patient to experience the eccentric
deceleration landing response with both legs before they
transition to the hop test which is with a single leg.
Since one cannot perform a bilateral comparison with
the jump test, we calculate the performance based on
allometric scaling to the patient’s height (see Table 2).

Functional Hop Tests

The functional hop test is the recommended IKDC functional
test. Ultimately, we believe it is one of the most important
psychological readiness tests for the patient. We calculate
the performance of this test by performing a bilateral compar-
ison (within 10%) as well as allometric scaling to the patient’s
height (see Table 2).

Lower Extremity Functional Tests

The final structured test in the FTA is the Lower
Extremity Functional test (LEFT). The LEFT test was
developed to create an in-clinic test that could incorporate
the following factors: (1) progressively stress the patient,
(2) incorporate acceleration and deceleration maneuvers,
(3) perform multiple stresses to the lower extremity, (4)
simulate varied movement patterns often encountered in

Table 2 Allometric scaling and descriptive normative data for
functional jump and functional hop tests

Test Men Women

Jump test (bilaterally) 90-100%/height 80-90%/height
Hop tests (uninvolved) 80-90%/height 70-80%/height
Hop tests (involved) 80-90%/height 70-80%/height

reactive sporting activities, and (5) induce a fatigue factor
during the test [24]. The LEFT test effectively identifies
deficits during screening to identify potential injuries in
athletes [46—49]. Consequently, it may have also have
value in identifying residual deficits following ACL re-
construction which will guide the implementation of a
successful rehabilitation program. The test area, 30 ft long
and 10 ft wide completed in a diamond shape, does not
take too large of any area to perform and may be finished
in a couple of minutes [24].

Sport-Specific/Position-Specific Testing

The final portion of examination, prior to a full RTS, is a
simulated, sport-specific testing in the clinical setting through
guidance of a sports medicine professional. Given that the
majority of sport activity is a reactive response to an opponent,
it is difficult to replicate in a clinical setting. Therefore, the
actual sport-specific testing oftentimes needs to be performed
as the patient is transitioning back to sport.

Conclusions

Although there are many recent publications indicating
criteria for return to sports following ACL reconstruction,
there is no predictive validity of any of the studies at the
present time [50]. Therefore, based on the present literature
and clinical experiences of the authors, we recommend the
following:

* A battery of varying tests examining different psychomet-
ric properties

* A battery of tests based on the measurement of impair-
ment in addition to the examination of strength and power

* Specific quantitative and qualitative criteria for assess-
ment of performance and function

» Examination via proactive and reactive activity to simu-
late a real-case sport activity scenario

» A fatigue factor in the terminal phases of clinic testing

* Psychological testing to evaluate for potential
kinesiophobia

* Patient-reported outcomes
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