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Return to sports after anterior cruciate ligament reconstruction
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Returning to sports activities after anterior cruciate ligament (ACL) reconstruction is an important treatment goal for
most patients with ACL tears. Choosing the appropriate graft, positioning the tunnel anatomically, and stabilizing the
graft robustly have been performed with the goal of return to sports. However, in spite of the importance of assessing
knee function in determining its timing, standardized evidence-based criteria that can be used to judge whether athletes
can safely return to sports are yet to be developed. A simple, reliable, and objective “goal-oriented” test battery is required
to assess this. This review paper aims to evaluate the preexisting functional tests that assess the preparedness of individuals to return to sports and to develop a test battery of functional tests that can be applied in the clinic.
Keywords: Anterior cruciate ligament reconstruction; Isokinetic strength; Functional performance test; Functional test;
Return to sports

INTRODUCTION
An anterior cruciate ligament (ACL) tear is one of the
most common sports injuries encountered by orthopedic
surgeons. These lesions are often treated using ACL reconstruction, which is thought to facilitate return to preinjury levels of sports activities [1]. Previous studies have
shown that 43% to 92% of patients who undergo ACL reconstruction return to sports within 6 to 12 months of the
treatment [2–4]. But when factors such as the pre-injury
level of sports and the level of participation in competitive sports are strictly taken to account, we may find that
the rates of return to sports have been overestimated. Indeed, some studies have reported that the rate of return
to sports at the 6-month follow-up is much lower than
previously believed, reporting it to be just 20% [3,5–7]. To
improve the outcomes of ACL reconstruction, researchers have attempted to find the most ideal conditions for
a number of treatment factors such as the choice of graft,
the anatomical positioning of the tunnel, and graft fixation. Research has been also conducted to find the rehabilitative programs that most improves knee function
and rate of return to sports [8–10].
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Ultimately, assessing knee function after ACL reconstruction to determine the timing of return to sports is
critical, yet a standardized protocol assessing this remains to be developed [2,7,11]. Larsen et al. [12] reported
that the muscle strength and functional capacity of the
affected side of recreationally active patients at 9 to 12
months after ACL reconstruction were drastically lower
than the corresponding values of the contralateral side or
of healthy matched controls. They suggested that “objective” rather than “time-since-surgery” criteria should be
adopted when determining return to sports [12].
The validity of current modes of testing that determines
one’s ability to return to sports remains questioned by
many, and a consensus on a gold standard functional test
has not been formed. Many authors have asked whether
testing return to sports through simple examinations,
such as the single leg hop test or the vertical jump test,
during an outpatients visit alone is reliable; whether
quadriceps muscle strength alone is sufficient or whether
additional parameters such as the hamstring/quadriceps ratio should be used in conjunction; and whether
functional performance tests based on closed kinetic
chain exercises, which closely resemble sports activities,
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are more effective alternatives to current tests [2,7,13].
It has also been suggested that when assessing return to
sports a more multidirectional and wholistic approach
is required, assessing not only surgical and rehabilitative
factors but also emotional and psychological factors [13].
This review paper aims to evaluate the preexisting functional tests assessing the return to sports and to develop
a test battery of functional tests that can be applied in the
clinic.

INSTABILITY TESTS
After ACL reconstruction, the anterior and rotational stabilities of the knee joint can be tested through the Lachman test, the anterior drawer test, and the pivot shift test
[14–16]. For these tests, Katz and Fingeroth [17] reported
that the sensitivity and specificity are 81.8% and 96.8%;
40.9% and 95.2%; and 81.8% and 98.4%, respectively.
Interestingly, Makhmalbaf et al. [16] reported that conducting these tests under general anesthesia improves
the accuracy of measurements and that the sensitivities
of the Lachman and the anterior drawer tests were 93.5%
and 94.4%, respectively. A better approach to objectively
measure anterior instability is using arthrometers, such
as the KT-1000 Knee Ligament Arthrometer (MEDmetric,
San Diego, CA, USA), the Genucom Knee Analysis System (FARO Technologies Inc., Lake Mary, FL, USA), and
the Rolimeter (Aircast Europe, Neubeuern, Germany).
Among them, the KT-1000 arthrometer has shown to be
the most accurate measurement device, associated with
the highest reproducibility [18,19]. Pugh et al. [20] found
that stress radiographs derived from KT-1000 knee arthrometers and Rolimeters show superior validity over
those derived from the TELOSTM (Laubscher & Co., Holstein, Switzerland).
A restored rotational stability, which is commonly measured using the pivot shift test, is one of the important
determinants of whether a patient can safely return to
sports [21–24]. Previously, Kocher et al. [25] reported that
the pivot shift test, but not the Lachman test, significantly
correlates with the outcomes of subjective clinical assessments and of functional knee scores and with the return
to sports. However, because the pivot shift phenomenon
involves a combination of translation and rotation of
the tibiofemoral joint, these distinct phases of dynamic
rotatory knee laxity are difficult to differentiate manually [22,23,26,27]. The findings of pivot shift tests have
been quantified using various approaches ranging from
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invasive approaches, such as the three-dimensional kinematic assessment in vitro studies [28,29] and intraoperative sensor measurement technique [30], to noninvasive approaches, such as the navigation system with
non-invasive surface markers [31]. Yet none of these so
far have met the criteria for accuracy required for use in
the clinic or as a universal gold standard.
Since these instability tests are performed with the knee
muscles in relaxation, as in an open kinetic chain system,
they cannot reflect the functional and dynamic events
that occur in a closed kinetic chain system in sports activities; this limits their usefulness in evaluating return to
sports [6,7,32–36]. The appropriateness of instability tests
has been actively discussed by researchers since the early
90s, and there have been reports publishing that staticrelaxation tests cannot accurately reflect knee function
[32,37]. The recent study by McGrath et al. [38] evaluated
the correlation between return to sports after ACL reconstruction and the outcomes of clinical assessments, such
as the KT-1000 arthrometer and the Tegner activity scale.
They found that although the rate of return to sports was
relatively high, 81% at the 1-year follow-up and 83% at
the 2-year follow-up, these rates were not significantly
correlated with findings of the KT-1000 arthrometer,
highlighting the need for better objective instruments.

SUBJECTIVE CLINICAL SCORES
Subject clinical knee scores may be useful when deliberating patient safety of return to sports. In sports-related
knee injuries, commonly used subjective knee scores
include the 36-item Short-Form (SF-36), the Lysholm
score, the Knee injury and Osteoarthritis Outcome Score
(KOOS), the International Knee Documentation Committee (IKDC) subjective score, the Tegner activity scale,
and the Cincinnati knee rating system. Among them, the
Lysholm score, the IKDC subjective score, and the Tegner
activity scale are generally used for assessing patients
who have undergone ACL reconstruction [1,3,39–43]. The
Lysholm score and the IKDC subjective score are based
on patients’ subjective scoring of items relating to various
types of daily activities. But because the IKDC score contains items pertaining to the functional role of the knee
within not only the whole body but also everyday and
psychological contexts, it is deemed more useful than the
Lysholm score. Further, the IKDC score has other relative
merits such as its point-based calculation system, which
means scoring is not affected by patient factors such as
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gender or age but takes into account various knee-related
complications [44–46]. The Tegner activity scale, on the
other hand, is a subjective parameter often used to measure patients’ level of sports with respect to their preinjury level of sports and determine the appropriateness
of return to sports [1,3,38]. Sousa et al. [3] found that the
6-month follow-up isokinetic strength and outcomes of
functional scores (the vertical jump, the single hop, and
the triple jump) in patients who successfully returned to
sports was over 85% and 90%, respectively, of the contralateral healthy side. Interestingly, they observed that
compared to patients who failed to return to sports, those
who did had significantly higher IKDC subjective and
Tegner scores. Kong et al. [41] found that the 6-month
follow-up IKDC subjective and Tegner scores were both
significantly correlated with functional performance tests
(the co-contraction, the Carioca, and the Shuttle run
tests) in patients who underwent ACL reconstruction.

MUSCLE STRENGTH
Because muscle strength is vital for functional performance of the knee, restored muscle strength, specifically the isokinetic strength, is an important factor for
deciding whether a patient can safely return to sports
[24,33,42,43,47–52]. Risberg and Holm [52] reported that
the 2-year follow-up muscle strength, measured as the
peak extensor and flexor torques, of the affected side was
88.5% and 92%, respectively, of the contralateral side.
In their study on ACL reconstructions using either the
hamstring autograft or allograft, Kim et al. [50] found
that the peak extensor torques at the 2-year follow-up
were 83% and 81% of the contralateral unaffected side in
patients who received the hamstring autograft and the
allograft, respectively. The corresponding values for peak
flexor torque were 87% and 95%, respectively. They also
reported that standard flexion deficit was significantly

associated with the Carioca test, the co-contraction test,
the shuttle run test, and the single leg hop for distance
test, whereas no correlation was observed between the
deep flexion deficit and functional performance tests. According to a recent systematic review, muscle weakening
after ACL reconstruction has been shown to be affected
by graft donor site. Furthermore, the review revealed
that harvesting of hamstring autograft was followed by
prominent flexor weakness while harvesting of the bonepatellar tendon-bone was followed by prominent extensor weakness [53].
Wilk et al. [37] reported that the 6-month follow-up
limb symmetry index (LSI) was higher than 85% in 64%
of patients treated with ACL reconstruction for all functional tests (the isokinetic strength tests [at 180°/s, 300°/
s, and 450°/s]; the subjective knee score; and the functional performance tests [the single leg hop for distance,
the timed hop, and the cross-over triple hop]). Further,
they found that 16% of patients had a LSI of over 90% for
quadriceps strength and that the extension acceleration
and deceleration rates at 180°/s and 300°/s, but not isokinetic strength, were strongly correlated with the timed
hop test (r = 0.48 and r = 0.49, respectively) and with the
triple cross-over hop (r = 0.51 and r = 0.49, respectively).
They also reported that the isokinetic findings of the knee
flexors were not correlated with any functional tests. In
patients who underwent ACL reconstruction, Keays et
al. [51] found that the 6-month follow-up quadriceps
strength, but not the hamstring strength, was significantly correlated with the following functional tests: the
shuttle run, the side step, the Carioca, and the single and
triple hop tests. Altogether, these results suggest that patients with ACL injury have a “quadriceps-avoidance gait”
that leads to markedly weakened extensor peak torque.
This is thought to be because of the compensatory role
of the hamstring that lends the quadriceps muscles to
play a more prominent role in the functional recovery

Table 1. Correlation between muscle strength and various functional performance tests
Study

Isokinetic muscle strength test

Wilk et al. [37]

Extension acceleration, deceleration

Keays et al. [51]
(auto-hamstring graft)

Extension strength

Kim et al. [50]
(auto-hamstring graft)

Standard flexion

Isokinetic test for flexion

Flexion strength

Deep flexion
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Correlation with functional performance test
Statistically significant correlation with the timed hop test and the triple crossover hop
No statistically significant correlation with functional tests
Statistically significant correlation with the shuttle run, the side step, the Carioca,
and the single and triple hop tests
No statistically significant correlation with functional tests
Statistically significant correlation with the co-contraction, the Carioca, and the
shuttle run tests
No statistically significant correlation with functional tests
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of the knee after ACL reconstruction than the hamstring
muscles [51,52,54,55].
However, results of isokinetic strength tests have been
shown to significantly correlate with certain knee mechanics during running, cutting, and one legged-hopping
[56,57], whilst others have shown they are correlated
with only the knee mechanics of the single leg hop [58].
Although the effect of the outcomes of isokinetic strength
tests on functional performance is unclear (Table 1)
[37,50,51], our opinion was that isokinetic knee extensor
strength demonstrating a LSI lower than 15% is appropriate for return to sports [2,47].
Because movements such as landing after a jump and
pivoting in soccer, handball, and basketball require extensive eccentric contraction, the feasibility of using only
measurements of isokinetic strength to judge return to
sports is questionable [59]. There is also a need to measure endurance of the hamstring and quadriceps muscles
because muscle fatigue can decrease dynamic knee stability and cause ACL re-injury [60–62].

FUNCTIONAL ASSESSMENTS
During sports activity, the lower extremity undergoes
repetitive motions of acceleration and deceleration,
requiring an extensive and convoluted control from
the neuromuscular system; therefore, a calculation of
muscular function that does not take into account neuromuscular control cannot be an accurate reflection of
muscular function [37]. Thus, preexisting functional tests
evaluating athletes’ preparedness for return to sports,
which do not measure neuromuscular control, may not
accurately measure knee function. To this end, researchers are working to develop better functional performance
assessments. The following functional performance tests
were recommended by Lephart et al. [32]: the co-contraction test, which reproduces rotation movements that
induce tibial translation; the Carioca test, which reproduces the pivot shift phenomenon; and the Shuttle run
test, which reproduces the acceleration and deceleration
forces that are common in sports activities. In their study,
Ko et al. [49] reported that these tests show a high level of
test-retest reliability when performed in healthy individuals and that the results show a normal distribution and a
significant association with the Tegner activity scale (with
the assumption that the three tests indeed reflect the
daily activities of patients). In patients who underwent
ACL reconstruction, Lephart et al. [32] reported that those
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who could not return to pre-injury level of sports showed
worse outcomes of these functional performance tests
than those who could return to pre-injury level of sports.
Interestingly, Jang et al. [33] reported that the results of
the 1-year follow-up co-contraction and Carioca tests (but
not those of the isokinetic test, the single leg hop for distance test, and the shuttle run test) significantly differed
between the two groups, and emphasized that rotational
stability in dynamic situations is an important factor
when assessing return to sports after ACL reconstruction.
Herbst et al. [6] and Hildebrandt et al. [7] reported
seven functional tests with good test-retest reliabilities
(the two-leg stability test; one-leg stability test; two-leg
countermovement jump; one-leg countermovement
jump; plyometric jumps; speedy test; and quick feet test).
Using these tests, however, they showed that the proportion of patients returning to “non-competitive sports”
after ACL reconstruction was on average a meager 15.9%
at the 5.7-month follow-up and 17.4% at the 8-month follow-up, and among the patients only one was eligible to
return to “competitive sports”. Given their results that the
majority of patients at the 8-month follow-up failed to
pass the above-mentioned seven functional tests for return to sports, Hildebrandt et al. [7] emphasized that the
minimum 6-month threshold to return to sports should
be revised and strongly advised against premature return
to competitive sports.
Although the functional performance tests mentioned
so far closely resemble the knee mechanics in sport activities, these tests require space, take time, and demand the
expertise of an experienced examiner. Further, because
most functional performance tests involve separate processes for testing and evaluating, patients are required
to make at least two hospital visits. Thus, cost-effective
tests that can be performed in restricted areas during a
single outpatients visit are needed. To this end, here we
suggest a test battery consisting of the single leg hop for
distance test, the vertical jump test, and the Y balance
test. When the healthy contralateral side is used as an internal control, a side-to-side difference within a range of
15% to 20% has been shown to be appropriate for return
to sports; this test battery also measures performance
of the affected side relative to the contralateral side
[34,36,63,64]. Further, assessing single leg performance is
useful because unilateral deficits masked by bilateral leg
movements in sports can be detected. The use of LSI as
a threshold index in assessing return to sports has been
validated through a number of studies that show that LSI
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significantly improves with appropriate rehabilitation
[11,42,65,66]. The threshold LSI for return to sports has
been shown to be 80% to 90%. Previously, 93% and 100%
of healthy individuals have shown on the preexisting
single hop tests to demonstrate a LSI of greater than 85%
and 80%, respectively. On the basis of these findings, we
chose an LSI threshold of 85% or greater to determine the
patient’s preparedness for return to sports [34,42,66,67].
The single leg hop for distance test is used widely as a
functional performance test after ACL reconstruction because it shows a high degree of reliability [11,24,42,68,69].
A recent systematic review analyzing studies, published
between 1990 and 2010, that have employed functional
tests after ACL reconstruction show that these studies
had used either the single leg hop for distance along
or in combination with the concentric or the isometric
strength test as measures of functional performance at
the two-year or above follow-up. Also, the systematic
review revealed that these studies utilized the LSI as
their main parameter of outcome [11]. Barber et al. [56]
reported that their test battery consisting of the single leg
hop for distance test and the single leg vertical jump test
provided a more reliable indicator of knee function after
ACL reconstruction than the isokinetic strength test. By
contrast, many studies have shown that using the single
leg hop for distance test in combination with two or more
hop tests increases its sensitivity [34,56,68]. Using multiple hop tests would allow a quality assessment of each
test but at the same time increase probability of high discrepancies in hop performance among tests [36]. Noyes
et al. [34] tested four types of hop tests (the single leg hop
for distance, the timed hop, the triple hop, and the cross
over hop) and showed that only the single leg hop for distance test showed a significant correlation with quadriceps isokinetic strength and with the subjective sensation
of giving way. But this particular test battery omits testing

endurance and sideward movement. The test battery
developed by Gustavsson et al. [36], which consists of the
vertical jump, the single leg hop for distance, and the side
hop, shows a sensitivity of 87% and an accuracy of 84% in
patients with ACL injury and demonstrates a high ability
to discriminate between hop performance of the injured
and the uninjured side in these patients. Assessing the
30-second sideward endurance in patients, they suggested that side-hop–induced muscle fatigue necessitates
a strong control of dynamic stability, which may be why
the test battery is effective in discriminating hop performance between the injured and uninjured side (Table 2)
[34,36,56].
Of the types of single leg hop tests, the single leg hop for
distance test and the various types of vertical jump tests
are often included in test batteries for their simplicity
[65,70]. Amongst the vertical jump tests, the most commonly used test involves the patient, whose hands are
placed on hips, to jump as far as possible on flat ground
on one leg, and the furthest distance jumped is measured
[65]. Several devices have been developed to measure
vertical jump height, such as the computerized contact

Fig. 1. The single leg vertical jump test.

Table 2. Results of the single leg hop tests
Study

Test

Result

Barber et al. [56]

Single leg hop for distance
Single leg vertical jump

Reflects knee function better than isokinetic muscle strength

Gustavsson et al. [36]

Triple battery
Single leg hop for distance
Single leg vertical jump
Side hop

1. A sensitivity of 87% and an accuracy of 84%
2. Highest ability to discriminate

Noyes et al. [34]

Single leg hop for distance
Timed hop
Triple hop
Cross over hop

A correlation between distance of the single leg hop and factors such as
isokinetic strength and symptoms (i.e., giving way)
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mats, which can be used to measure height even in restricted spaces at one time-point (Fig. 1) [36,71,72]. The
single leg hop for distance test on the other hand requires
an anterior jumping space and a manual measurement of
distance. Thus, in this study, we used the IKDC subjective
score, the Tegner activity scale, and the vertical jump test,
which can all be performed during a single outpatient
visit. Both the vertical jump test and the single leg hop for
distance test have a significant correlation with proprioception in athletes, and the former has been shown to
have a high level of test-retest reliability [71,73–77].
Because of its usability even in restricted spaces, the Ybalance test (YBT) is widely used, along with the single
leg hop for distance and the vertical jump tests. Derived from the star excursion balance test, the YBT is a
relatively simple and reproducible test for balance and
dynamic control. Reduced performance and a high LSI
as determined through the YBT have been shown to be
associated with increased risk of lower body injury [78].
The Y-shaped YBT KitTM (Perform Better, West Warwick,
RI, USA) requires the patient to balance on one leg whilst
stretching and tapping the far ground as far as possible
with the other leg in three separate directions (anterior,
posterolateral, and posteromedial) and finally to bring
the leg back in to its original position. The furthest distance reached, normalized to the contralateral side, is
measured in each direction. Therefore, the test evaluates
muscle strength, proprioception, and neuromuscular
control (Fig. 2) [24,64].
Since the outcomes of the vertical jump test and the

Fig. 2. The Y-balance test (the posterolateral reach).
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YBT have been shown to agree with those of preexisting
and validated functional knee scores, further developing
them so that they are indicative of extensor power would
make them even more ideal functional knee scores for
return to sports.
Improvements in the single leg hop for distance test,
the vertical jump test, and the YBT through advanced
digital sensor and internet technology may lead to easier
and real-time measurements of knee performance in restricted in-door settings.

PSYCHOLOGICAL ASSESSMENT OF FEAR
AND CONFIDENCE
When it comes to determining the return to sports, patients’ psychological factors should not be overlooked.
Increased interest in psychosocial factors in patients
has led to vast volumes of research within the recent 20
years. It was reported that more than 50% of patients who
could not return to sports showed fear of re-injury [43,79].
Furthermore, other researchers have reported that fear
of re-injury is one of the deterrents of return to sports in
patients without prominent lack of knee function and
that lowered confidence in performing sports activities
affected both short- and long-term outcomes, including
the rate of return to sports [4,80,81].
Using the Tampa Scale of Kinesio (TSK) for phobia, Kvist
et al. [81] conducted a study in which they measured fear
of re-injury from sports. They found that 57% of patients
did not achieve pre-injury level of sports activity by either the 3-year or 4-year follow-up after undergoing ACL
reconstruction. Interestingly, they observed that a high
fear index, indicated by a high TSK value, was strongly
correlated with poor knee function. Chmielewski et al.
[82,83] reported that the TSK and functional parameters
of the knee measured at 0–6 months of surgery, which is
the postoperative recovery phase, did not show an association but the values measured during the rehabilitative
phase (6–12 months of surgery) did.
Lentz et al. [43] reported that increased pain-related
fear of re-injury, weakened quadriceps, and a low IKDC
score may be used to differentiate patients who because
of fear of re-injury or low confidence cannot return to
sports. They also suggested that the 6-month follow-up
indices for fear of re-injury, for quadriceps strength, and
for self-reported functional status are useful predictors of
successful return to sports at 1-year follow-up.
Along with the TSK scale, another measure of psycho-
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logical readiness for return to sports after ACL reconstruction used by researchers is the ACL-return to sport
after injury (ACL-RSI) scale [40,84–87].
Therefore, psychotherapy and confidence boosting for
patients, as well as patient-centered health education,
must be conjointly conducted after ACL reconstruction.
Currently, the decision of return to sports is often based
on subjective questionnaires evaluating knee function,
filled in by the patients themselves, but such approaches
are restricted in that they cannot objectively assess patients’ emotional factors, such as anxiety and confidence.
Other forms of tests that effectively evaluate patients’
emotional and mental status are required, for which interdepartmental collaboration between psychiatry and
psychology departments is required to produce objective
psycho-test items.

CONCLUSION
To improve the success rate of return to sports after ACL
reconstruction, researchers have persistently conducted
studies and developed novel surgical treatments and rehabilitation protocols. Yet no standardized criteria exists
enabling determination of the preparedness of patients
to return to sports in an objective and evidence-based
manner. Reports investigating such criteria are few and
far between especially in the Korean literature. An objective and “goal-orientated” decision-making tool—or

a test battery—that allows a functional assessment for
decision-making regarding the safe return to sports is
needed. Until now, many studies have employed instability tests, muscle strength tests, and functional performance tests to gauge the appropriateness of return to
sports in patients. There has been an increasing interest
in tests that closely resemble the events and the dynamics of closed kinetic chain exercises over static-relaxation
tests, because they more closely resemble open kinetic
chain exercises. To this end, various functional performance test batteries have been developed, and greater efforts are underway to produce simpler and more reliable
forms. In the future, it is anticipated that developments
and technological advancements in digital sensors and
information technology will pave way to simpler test batteries that can measure real-time knee function, meaning that tests such as the vertical jump test and the YBT
may be adapted for use in restricted spaces. Additionally,
because patients’ emotional and mental states are important considerations in terms of deciding the feasibility
or timing of return to sports, psychological assessments
should be conducted in conjunction with other functional performance tests.
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