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Abstract
STUDY DESIGN—Cohort study, cross-sectional.

OBJECTIVES—To determine if self-reported knee function assessed with the International Knee
Documentation Committee 2000 Subjective Knee Form (IKDC2000) could discriminate between
successful and non-successful performance on return to activity criteria (RTAC) tests after
anterior cruciate ligament (ACL) reconstruction.

BACKGROUND—Rehabilitation specialists are challenged in selecting appropriate
performance-based and patient-reported tests that can detect side-to-side asymmetries, assess
global knee function, and determine a participant's readiness to return to activity after ACL
reconstruction. A simple tool or questionnaire that could identify athletes with neuromuscular
impairments or activity limitations could provide rehabilitation specialists crucial data pertinent to
their current knee function and their readiness to return to higher level activities.
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METHODS—One hundred fifty-eight Level I/11 athletes 6 months after ACL reconstruction and
141 athletes 12 months after ACL reconstruction completed a functional test battery to determine
readiness to return to activity and the IKDC2000 to determine self-reported knee function. For
each athlete, status on return to activity tests criteria was dichotomized as “Passed” or "Failed”
and status on the IKDC2000 scores was dichotomized as being “within” or “below age- and sex-
matched normal ranges”. Comparisons were made between status on RTAC and IKDC2000 using
Chi-square tests. Accuracy statistics were also calculated.

RESULTS—Six months after ACL reconstruction, 112 athletes (70.9%) failed RTAC and 76
(48.1%) were classified as having self-reported knee function below normal ranges. Among the 76
participants with IKDC2000 scores below normal ranges, 69 (90.8%) failed RTAC test battery
(P<.001). However, among the 82 participants whose IKDC2000 scores were within normal limits
at 6 months, only 39 (47.6%) passed RTAC test battery (P=.74). Twelve months after ACL
reconstruction, 67 athletes (47.5%) failed RTAC and 31 (78.0%) had knee function below normal
ranges. Among the 31 participants with IKDC2000 scores below normal ranges, 25 (80.6%) failed
RTAC test battery (P<.001). However, among the 110 participants whose IKDC2000 scores were
within normal limits at 12 months, only 68 (61.8%) passed RTAC test battery (P=.017).

CONCLUSION—The IKDC2000 may be a clinically relevant tool to determine the timeliness or
necessity of RTAC testing. For scores obtained 6 and 12 months after ACL reconstruction, low
IKDC2000 scores were reasonably indicative of failure on RTAC test battery, whereas normal
IKDC2000 scores were not predictive of passing scores on the RTAC test battery.
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ACL; IKDC2000; patient-reported measure; return to sport

Injuries to the anterior cruciate ligament (ACL) are frequent during sporting activities,3°
resulting in more than 125 000 reconstruction surgeries annually in the United States.33
Despite mechanical stabilization, surgical reconstruction of the ACL does not guarantee a
return to previous levels of activity, good knee function, or the preservation of future joint
health.1: 14. 25, 35, 40, 42, 46 Because not all individuals regain optimal knee function after
ACL reconstruction, 8 it is critical to understand if knee function is associated with other
clinical factors that may provide insight into the patient's current functional status. The
International Knee Documentation Committee 2000 Subjective Knee Form (IKDC2000) has
been used frequently after ACL reconstruction to measure knee function.2* The IKDC2000
can differentiate between individuals with low versus high knee function, as well as those
with more versus less knee symptoms.2 The published IKDC2000 normative dataset?
provides a reference standard for normal knee function.22 37 However, it is unknown if
scores on the IKDC2000 are associated with performance-based measures used to assess
readiness to return to activity.

One of the challenges of post-operative management after ACL reconstruction has been to
develop accurate tests that can assess global knee function, detect side-to-side asymmetries,
and determine a patient's readiness to return to activity. After ACL reconstruction, many
individuals continue to exhibit impaired function characterized by dynamic knee instability
and pain, limited range of motion, quadriceps strength deficits, reduced functional
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performance, neuromuscular dysfunction, and biomechanical mal-adaptations that may
account for inferior outcomes and increased risk for second injury. 12 13. 25, 30, 43, 48, 58
Assessment of modifiable factors may enhance a clinician's ability to determine a
participant's potential for success after ACL reconstruction. Batteries of tests have been
developed to predict the risk for musculoskeletal injuries,32 classify individuals early after
ACL injury,17 and identify important limb asymmetries after ACL injury and
reconstruction.23 44 A test battery of performance-based measures and patient-reported
outcomes demonstrated that participants who successfully returned to high-level activity
after non-operative management of an ACL injury had less than a 10% deficit on their
baseline scores on average.l” A functional test instrument using a battery of performance-
based tests was moderately correlated with the IKDC2000 and discriminated between the
operated and nonoperated limbs of participants after ACL reconstruction.? While a battery
of tests is typically easy to administer, the combination of tests may be inappropriate for
some athletes, such as those with residual impairments, pain, or fear of reinjury. They also
can be time-consuming for both athlete and clinician. Furthermore, equipment limitations,
such as the lack of electromechanical dynamometry, may be reality in many clinics. Thus,
the use of a simple tool or questionnaire that can identify those athletes with neuromuscular
impairments and activity limitations can provide rehabilitation specialists crucial data
pertinent to participants’ current knee function and their readiness to return to higher level
activities, as well as, their progress during rehabilitation and the necessity for additional
rehabilitation.

It is unclear whether knee function measured with the IKDC2000 can serve as an accurate
surrogate to a more time-intensive battery of tests used to determine readiness to return to
activities. Therefore, the aim of this study was to determine if self-reported knee function
assessed with the IKDC2000 could discriminate between successful and non-successful
performance on return to activity tests criteria after ACL reconstruction. We hypothesized
that 1) athletes with self-reported knee function below normal ranges would be more likely
to fail return to activity criteria (RTAC) tests 6 and 12 months after ACL reconstruction
compared to those with self-reported knee function within normal ranges and 2) athletes
with patient-reported knee function within normal ranges would be more likely to pass
RTAC tests 6 and 12 months after ACL reconstruction compared with those with knee
function below normal ranges. A secondary aim was to examine the differences and
magnitudes of differences between performance on return to activity tests and knee function
as measured by IKDC2000 scores.

METHODS

Between October 2006 and September 2010, 279 participants with a unilateral ACL rupture
were recruited as part of a larger prospective international cohort study between The
University of Delaware (Delaware) and Norwegian Research Center for Active
Rehabilitation (Oslo). ACL rupture was confirmed by magnetic resonance imaging (MRI)
and a 3 mm or greater side-to-side difference in anterior tibial translation'? with a maximal
pull on a KT-1000 arthrometer (MedMetrics, San Diego, CA). Athletes were eligible to
participate in the study if they were between the ages of 13 and 60 years and were regular
participants in level | or Il activities (at least 50 hours/year) prior to ACL rupture.12: 26 |_evel
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| activities are sports that involve jumping, pivoting, and hard cutting (eg, basketball, soccer)
and occupations comparable to Level | sports.12 Level 11 activities are sports that involve
less jJumping and hard cutting than Level | but still include lateral motion (eg, baseball,
racquet sports) and occupations that involve heavy manual labor, climbing, or working on
uneven surfaces.12 Potential participants were excluded if they had concomitant grade 111
ligament injury, bilateral lower limb involvement, symptomatic meniscal injury (pain
associated with activities of daily living or repairable meniscus identified by MRI), fracture,
or full-thickness articular cartilage damage. All participants gave informed consent at the
time of inclusion. The study was approved by the Ethical/Human Subjects committees of the
University of Delaware and South-Eastern Norway and conducted within the guidelines
given by the Helsinki declaration.

Testing and Rehabilitation

All participants went through initial rehabilitation after the ACL injury to address acute
impairments. Once participants had resolution of initial impairments, they were enrolled in a
10-session pre-operative rehabilitation program.16: 18 This program consisted of progressive
exercises emphasizing aggressive strength and specialized perturbation training to help
restore muscle strength and appropriate neuromuscular responses. Muscle strength training
involved the use of high intensity, low repetition non-weight bearing and weight bearing
quadriceps strengthening exercises augmented with neuromuscular electrical stimulation if
participants demonstrated a quadriceps strength index of less than 80%.15: 56 Perturbation
training was administered according to the protocol outlined by Fitzgerald et al.1

Participants underwent reconstructive surgery with either a semitendinosus-gracilis autograft
(n=81), bone-patellar tendon-bone autograft (n=30), or soft tissue allograft (n=63). Graft
type was not reported for 20 of the participants. After surgery, the same ACL reconstruction
rehabilitation guidelines® 30 were followed for all participants, and participants were
systematically progressed through rehabilitation based on the clinical milestones outlined in
the guidelines.> 50

Six and 12 months after ACL reconstruction, participants completed a battery of functional
tests and measures to assess their current knee function and determine their readiness for
returning to activity that consisted of quadriceps strength testing, single-legged hop
testing,*® and 2 patient-reported outcome measures.?’- 29 Quadriceps strength testing
consisted of either maximal voluntary isometric contraction (MVIC) (Delaware) or peak
torque with isokinetic strength testing of the quadriceps (Oslo). For quadriceps strength
testing, the uninvolved side was tested first, followed by the involved side. For MVIC
testing, the participant was seated on the seat of the dynamometer and the hips and knees
were placed in 90° of flexion. Participants performed up to a maximum of 3 MVICs on an
electromechanical dynamometer (Kin-Com, Chattanooga Corp., Chattanooga, TN). Verbal
encouragement from the therapist and visual feedback from the dynamometer's real-time
visual display were used to help facilitate maximal effort. Customized written code in
LabVIEW software (National Instruments, Austin, TX) was used to determine the maximal
volitional force in Newtons (N). For isokinetic peak torque, the participant was seated on the
seat of the dynamometer and the range of motion was set from 90° knee flexion to full
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extension (0°). Participants performed 5 repetitions at 60° per second on an
electromechanical dynamometer (Biodex 6000, Biodex Medical Systems Inc, Shirley, NY).
Peak torque values were measured in newton-meters as per the Biodex software (Nm). The
level of association between isometric and isokinetic quadriceps strength testing as
performed in this study has been reported to be r=0.93.38 Peak force or torque values
achieved during quadriceps strength testing were recorded. Quadriceps index (QI) was
expressed as a percentage of the peak value on the involved side divided by the peak value
on the uninvolved side for each participant.

Following quadriceps strength testing, participants performed 4 single-legged hop tests in
the following order: single hop for distance (single hop), cross-over hop for distance
(crossover hop), triple hop for distance (triple hop), and 6-meter timed hop.4> These hop
tests are valid and have demonstrated good test-retest reliability in normal, young

adults1% 53 and in individuals after ACL reconstruction.*® For each test, the uninvolved leg
was tested before the involved side. The participants performed 1-2 practice trial followed
by 2 recorded trials for each leg. The hop score for each test was then calculated as the
average of the 2 recorded trials. The single hop, the crossover hop, and the triple hop for
distance were considered successful if the landing was stable. If not successful, the hop test
was repeated. For these 3 hop tests, participants were instructed to place their lead toe
behind a marked starting line. The hop distance was measured to the nearest centimeter from
the starting line to the participant's heel with a standard tape measure. For the 6-meter timed
hop, participants stood on 1 leg, then hopped as fast as possible over a marked distance of 6
meters. The time was measured to the nearest 100" of a second with a standard stopwatch.
The stopwatch was started when the participant's heel left the floor and stopped when the
participant crossed the finish line. All single-legged hop tests were conducted by physical
therapists trained in the test procedures. For the single hop, cross-over hop, and triple hop,
limb symmetry index (LSI) was expressed as the percentage performance on the involved
side compared to the uninvolved side. For the 6-meter timed hop, LSI was expressed as the
percentage performance of the uninvolved side compared to the involved side.

Following hop testing, participants completed 3 self-report questionnaires: the Knee
Outcome Survey-Activities of Daily Living Scale (KOS-ADLS), the Global Rating Scale of
Perceived Function (GRS), and the IKDC2000. The KOS-ADLS is a 14 item patient-
reported outcome of symptoms and functional limitations of the knee during activities of
daily living.2? The GRS asks participants to rate their current knee function on a scale from
0 to 100, with 0 being the inability to perform any activity and 100 being the level of knee
function prior to the injury, including sports.2”: 29 The IKDC2000 was used as the primary
self-report outcome variable for this study. It is a knee-specific outcome measure pertinent
to a variety of knee conditions for assessing symptoms, function, and sports activity.28 The
form contains 18 questions, in which the total scores are expressed as a percentage with
higher scores representing better knee function and less symptoms.

Pass/Fail criteria

To pass readiness for return to activity, participants were required to achieve 90% or greater
on each of the functional tests and measures from the battery of tests (Ql, 4 hop LSIs, KOS-
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ADLS, and GRS).17: 25 participants were dichotomized into 2 groups: “Pass” (greater than
90% on all 7 measures) or “Fail” (less than 90% on 1 or more measures) (TABLE 1).
Athletes who presented to the clinic for testing but were not able to complete 1 or more
aspects of testing due to clinical reasons (pain, effusion, fear of hopping, etc) were classified
as having “Failed” return to activity tests.

Normative data for the IKDC2000 for men and women with no current or history of knee
problems has been previously established.? In this study, athletes under the age of 18, were
classified using the age 18 to 24 year normative data. We operationally defined normal
ranges on the IKDC2000 as scores greater than or equal to the 15t percentile of the
participant-specific age- and sex-matched population.22: 37 The 15t percentile from the
normative data from uninjured individuals was chosen as the cut-off score to ensure that
individuals who scored below the cutoff were different from what could be considered a
normal variation in IKDC scores (TABLE 2).

Statistical analysis

All statistical analyses were conducted in SPSS v.21 (Chicago, IL). No interaction of site
and IKDC2000 at 6 months (P=.97) and 12 months (P=.34) after ACL reconstruction was
found in identifying RTAC at 6 months and 12 months, respectively, and therefore data
from both sites were merged for further analysis. For the primary aim of this study,
sensitivity, specificity, positive likelihood ratio (PLR), and negative likelihood ratio (NLR)
and their 95% confidence intervals (Cls) were calculated for RTAC and self-reported knee
function assessed with the IKDC2000. Sensitivity was reported as the percentage of
participants not passing RTAC correctly identified by having knee function below normal
ranges. Specificity was defined as the percentage of participants passing RTAC correctly
identified by having knee function within normal ranges. PLR was calculated as sensitivity
divided by 1 minus specificity and NLR was calculated as 1 minus sensitivity divided by
specificity. Comparisons were made between participants who reported knee function within
and below normal ranges based on IKDC2000 scores and between participants who passed
or failed RTAC using Chi-square tests for nominal data and Mann-Whitney U analysis for
continuous data. The magnitude of the differences between the groups with knee function
within and groups with knee function below normal ranges were calculated using effect size
for nonparametric data (the quotient of the z-score divided by the square root of the total
number of observations). Interaction was assessed in a logistic regression model that
included dichotomized IKDC2000, site, and a multiplicative interaction term.

RESULTS

Of the 279 potential participants included in this study, 77 chose not to undergo
reconstructive surgery (FIGURE). In addition, 5 participants were lost to follow-up and we
were unable to determine if they had undergone ACL reconstruction; 1 participant did not
have ACL surgery due to a partial tear of the ACL identified during arthroscopy, and; 2
participants transferred to another study. Therefore, 194 participants underwent
reconstructive surgery, and comprise the target population in this study.
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Of the 194 participants who underwent ACL reconstruction, 158 (81.4%; 92 men and 66
women ranging from 13 to 56 [mean £SD, 26.9 £9.7] years of age) performed 6 month and
141 (72.7%) performed 12 month functional testing (FIGURE). Pregnancy, rupture of ACL
graft or contralateral ACL, or missed appointments accounted for the majority of missing
data. Six months after ACL reconstruction, the mean £ SD IKDC2000 score for the 158
participants was 82.4 —12.8. Twelve months after ACL reconstruction, the mean IKDC2000
score for the 141 participants was 90.4 £ 10.7.

Six months after ACL reconstruction, 82 (51.9%) participants were classified as having self-
reported knee function within normal ranges. The remaining 76 (48.1%) participants were
classified as having self-reported knee function below normal ranges. Among the 76
participants with IKDC2000 scores below normal ranges, 69 (90.8%) failed the RTAC test
battery (P<.001). However, of the 82 participants whose IKDC2000 scores were within
normal limits at 6 months, only 39 (47.6%) passed the RTAC test battery (P=.74). Self-
reported knee function had a sensitivity of 61.6%, specificity of 84.8%, PLR of 4.1, and
NLR of 0.5 (TABLE 3). Participants who were classified as having self-reported knee
function within normal ranges based on their IKDC2000 score at the 6-month testing had
significantly higher QI, LSI for all 4 single-legged hop tests, and self-reported outcome
scores on the KOS-ADLS and GRS than those with self-reported knee function below
normal ranges (P<.001) (TABLE 4). Of the 158 participants who completed 6 month
functional testing, men more frequently reported knee function within normal ranges based
on their IKDC2000 score than women (P<.001), but no significant differences were seen in
mean age or time from surgery to testing (TABLE 5).

Twelve months after ACL reconstruction, 110 (78.0%) participants were classified as having
patient-reported knee function within normal ranges. The remaining 31 (22.0%) participants
were classified as having knee function below normal ranges. Among the 31 participants
with IKDC2000 scores below normal ranges, 25 (80.6%) failed the RTAC test battery (P<.
001). However, among the 110 participants whose IKDC2000 scores were within normal
limits at 12 months, only 68 (61.8%) passed the RTAC test battery (P=.017). Self-reported
knee function had a sensitivity of 37.3%, specificity of 91.9%, PLR of 4.6, and NLR of 0.7
(TABLE 6). Participants who were classified as having self-reported knee function within
normal ranges at the 12-month testing had significantly higher single-legged hop indexes,
and patient-reported outcome scores on the KOS-ADLS and GRS than those with patient-
reported knee function below normal ranges based on the IKDC2000 scores (TABLE 4). Of
the 141 participants who completed 12 month functional testing, no significant differences
were seen in the number of men and women reporting normal knee function based on the
IKDC2000, mean age or time from surgery to testing (TABLE 5).

DISCUSSION

The primary findings in the current study partially support the hypothesis that self-reported
knee function assessed with the IKDC2000 can discriminate between successful and non-
successful performance on a battery of tests used for RTAC after ACL reconstruction. We
have demonstrated that for IKDC2000 scores reported 6 and 12 months after ACL
reconstruction, low IKDC2000 scores is a reasonable indicator of failure on RTAC. Patients
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with low IKDC scores were more likely to fail RTAC than patients with normal IKDC
scores. However, normal IKDC2000 scores is not predictive of successfully passing RTAC.
Patients with normal knee function were no more likely to pass RTAC than patients with
poor knee function. The data also indicate that overall, participants with self-reported knee
function within normal ranges using the IKDC200 had significant higher limb symmetry
indexes and patient-reported outcome scores than participants with self-reported knee
function below normal ranges. But this is not an indicator of successfully passing RTAC. In
fact, many of those patient who had normal IKDC2000 scores were not able to pass RTAC
at 6 or 12 months after ACL reconstruction. Therefore the decision making for return to
activities cannot be solely predicated on normal IKDC2000 scores. If an athlete self-reports
a low IKDC2000 score, she is likely to perform poorly on the RTAC test battery and not
pass the RTAC. Using the information from the results of the RTAC test battery can then
determine what areas are deficient. Subsequently, if an athlete self-reports a normal
IKDC2000 score, she is likely to perform better on the RTAC test battery but it cannot
predict if she will pass the RTAC.

The IKDC2000 may be a clinically relevant questionnaire to determine the timeliness or
necessity of RTAC testing. Six months after ACL reconstruction, participants with self-
reported knee function below normal ranges were more than 4 times more likely to have
failed RTAC than those participants with self-reported knee function within normal ranges.
By 12 months, participants with self-reported knee function below normal ranges were more
than 4.5 times more likely to have failed RTAC than those participants with self-reported
knee function within normal ranges. The IKDC2000 is highly specific, and thus if the athlete
reports self-reported knee function below normal ranges, the athlete will likely fail RTAC.
Furthermore, the limitations of using the below normal IKDC2000 values as a surrogate
measure for RTAC failure is that the specific impairments or activity limitations which lead
to failure cannot be gleaned from the IKDC2000 alone. The administration of RTAC test
battery can be used to determine which factors need to be addressed and further
interventions to be implemented.

The reporting of normal knee function may not be a good indicator of the ability to pass
RTAC. At 6 months after ACL reconstruction, participants with self-reported knee function
within normal ranges were only twice more likely to have passed RTAC than those
participants with self-reported knee function below normal ranges. At 12 months after ACL
reconstruction, participants with self-reported knee function within normal ranges were less
than 1.5 times more likely to have passed RTAC than those participants with self-reported
knee function below normal ranges. Due to its low negative likelihood ratio, the independent
use of IKDC2000 as a screening tool is not justified. Furthermore, the self-reporting of
normal IKDC2000 scores does not reflect successful performance on the RTAC test battery.
Many patients (38%) may overestimate their functional ability despite self-reporting normal
knee function. The relatively low relationship between normal IKDC2000 scores and
passing RTAC may indicate that each method captures different domains of physical
performance and knee function, especially when patient are self-reporting normal knee
function. Fitzgerald et al?9 summarized the low correlations between hop tests scores and
self-reported knee questionnaires. In contrast, in a previous study with the patients from the
same cohort, the crossover hop test could predict patients with future normal knee
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function.3” We are currently exploring the relationships with the performance-based
measures with the activity-specific questions on the IKDC2000. This may elucidate the
relationship between performance-based measures and specific domains of activities with
the IKDC2000. Therefore, if an athlete reports self-reported knee function within normal
ranges, the clinician cannot assume that the athlete will pass RTAC.

The RTAC employs a group of tests that assess multiple domains of side-to-side
comparisons and global knee function: impairments, performance-based measures, patient-
reported outcomes.® 20. 23,31, 57 Tq pass the RTAC, athletes must score greater than or equal
to 90% on all 7 tests (TABLE 1). These cut-off scores assure that an acceptable level of
limb-to-limb symmetry is present before returning to activities or sport so participants must
be confident in the function of their involved limb and favor it less during functional
activities.2® It is noteworthy that a substantial percentage of athletes 6 and 12 months post
ACL reconstruction still demonstrate self-reported knee function below normal values and
asymmetrical performance on functional testing. These limb asymmetries and lower patient-
reported outcomes may be indicative of inadequate or incomplete rehabilitation. Using the
RTAC test battery, clinicians can identify the modifiable factors that can be readily
addressed to develop targeted interventions to potentially improve knee function and
performance.

The criteria used in this study incorporate both performance-based and patient-reported
outcomes, capturing clinically important aspects of overall knee performance and
function.® 20. 21,31 |n 3 previous report, on a similar cohort, athletes who failed our RTAC 6
months after ACL reconstruction exhibited greater limb-to-limb biomechanical movement
asymmetries than those who passed our RTAC.2! Specifically, athletes who failed RTAC
demonstrated smaller peak knee flexion angles and lower extensor moments on the involved
knee.2! After ACL reconstruction, athletes with side-to-side biomechanical movement
asymmetries are more likely to sustain a second ACL injury than those with more
symmetrical movements.*8 The restoration of symmetrical function between limbs remains
an important goal of post-operative ACL rehabilitation. Sports-specific activities are more
challenging than clinic-based testing in a controlled environment; therefore the deficits seen
in a clinical test battery may be magnified in sports-specific activities, potentially
predisposing the ipsilateral or contralateral knee to injury.

The IKDC2000 is frequently used as an outcome measure for knee function.1: 22. 34 After
ACL reconstruction, slightly more than half of the athletes in the current study self-reported
knee function within normal ranges 6 months after ACL reconstruction, and 78% self-
reported knee function within normal ranges 12 months after surgery, similar to findings
reported by Hartigan et al.2%. Beynnon et al’ reported that more than 77% of participants had
normal or nearly normal knee function based on the IKDC2000 6 months after surgery.
Others have found similar outcomes at 12 months with 79 to 93% of participants exhibiting
normal or nearly normal knee function.* 8 34

The current findings show that 6 months after ACL reconstruction participants with
IKDC2000 scores below normal ranges had significantly lower QI than those with
IKDC2000 scores within normal ranges. By 12 months after ACL reconstruction, patients
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with lower IKDC2000 scores had similar QI values compared to those with normal
IKDC2000 scores, demonstrating improvement in the strength of the quadriceps muscle in
the poorer functioning group. However, in those patients with normal IKDC2000 scores, at
6 months only 49.4% and at 12 months 67.4% of participants had QI values greater than
90%. Recovery of quadriceps strength is an important outcome following ACL
reconstruction, 13 30, 51, 52,54 lyt deficits as high as 39% are seen 6 months after ACL
reconstruction.?” Quadriceps strength is significantly related to patient satisfaction and knee
function during gait.36: 51. 56 Athletes cleared to return to sports after ACL reconstruction
with a QI less than 85% had lower IKDC2000 scores than athletes with QI greater than 90%
and controls.5® The identification and treatment of quadriceps weakness after ACL
reconstruction may contribute to the resolution of knee function and the ability to
successfully pass RTAC.

Our results 6 and 12 months after ACL reconstruction showed that all 4 hop indexes were
lower in participants with self-reported knee function below normal ranges compared to
those with self-reported knee function within normal ranges. In their study, Myer et al*!
reported a mean LSI scores in athletes within 1 year of reconstruction in the 4 hop tests that
exceeded 90% but were still lower compared to healthy controls. In our study, the group
median values in both groups at both testing sessions for the four hop limb symmetry
indexes were at or exceeded the 90% cut-off values needed to pass the RTAC test battery
(TABLE 4). However, in those patients with normal IKDC2000 scores, at 6 months only
53.2% and at 12 months, 78.7% of participants exceeded 90% on all 4 hop tests. The
findings in this study reinforce the point that despite self-reporting IKDC2000 scores within
normal ranges, it is highly recommended that a test battery that identifies limb-to-limb
asymmetries is needed.

Scores on the patient-reported measures included in the test battery for RTAC (KOSADLS
and GRS) at both testing sessions were significantly lower in the participants with self-
reported knee function below normal ranges assessed with the IKDC 2000 compared to the
athletes with self-reported knee function within normal ranges. Previous work from our
laboratory indicated that noncopers who failed RTAC did so because of lower GRS
scores.?® The KOS-ADLS and GRS self-report measures complement the impairment
(quadriceps strength) and performance-based measures (hop tests) by providing valuable
information on how a participant perceives his or her function. Participants must be able to
perform their activities of daily living at a normal level prior to attempting returning to
sports. If participants report difficulty with daily activities, they are likely to report having
difficulty with sporting activities, placing themselves at risk for subpar performance and re-
injury.

The inability to pass RTAC may be the result of several factors not captured by IKDC2000
scores. The participants in this study were young and active and the results may therefore
not apply to other populations. This study had some incomplete data due to unforeseeable
circumstances. A portion of participants did not complete either 6-month or 12-month
testing, reducing the participants available for analysis. One potential bias is that those that
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did not complete the study may be inherently different from those that did. Some patients
may have not shown up due to either the patient's knee function was not improving or that
the patient was doing so well and decided not to return. The results can only be generalized
to those with isolated ACL injuries or asymptomatic concomitant injuries and may not
reflect the functional status of individuals with symptomatic concomitant injuries. The hop
test battery was administered in the same fashion each session and may not be generalized to
different hop test paradigms.

CONCLUSION

Six and 12 months after surgery, low IKDC2000 function scores were reasonably indicative
of RTAC test battery failure, whereas normal IKDC2000 scores were not predictive of
passing scores on the RTAC test battery. In general, patients with lower IKDC2000 scores
had lower scores on the RTAC test battery. The decision making for return to activities
cannot be solely predicated on normal IKDC2000 scores. The administration of RTAC test
battery can be used to determine which factors need to be addressed and further
interventions to be implemented.
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ACL reconstruction (n=194)
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6 month functional testing (n=158)
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Partial tear via arthroscopy (n=1)
Transferred to another study (n=2)
Lost to follow-up (n=5)

y

12 month functional testing
(n=141)

FIGURE.
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No contact/didn't show up (n=19)
IKDC2000 not completed (n=15)
Relocated (n=2)

No contact/didn't show up (n=29)
IKDC2000 not completed (n=10)
Not tested at 12 months (n=11)
Contralateral/graft tear (n=1)
Relocated (n=2)

Flow diagram for participants in the study. Abbreviations: ACL, anterior cruciate ligament;
IKDC2000, International Knee Documentation Committee 2000 subjective knee form
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TABLE 1

Readiness to Return to Activity Criterial?: 25

Measure

Pass Fail

Quadriceps Index

KOS-ADLS

GRS

4 single-legged hop indexes

>90% on all criteria | <90% on 1 or more criteria

Abbreviations: KOS-ADLS, Knee Outcome Survey-Activities of Daily Living Scale; GRS, Global Rating Scale of Perceived Function
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TABLE 2

Cutoffs for IKDC2000 scores to be within normal ranges for age- and sex-specific groups

Age Group, Men Age Group, Women

18-24 | 25-34 | 35-50 | 51-65 | 18-24 | 25-34 | 35-50 | 51-65

89.7 86.2 85.1 747 83.9 82.8 78.5 69.0

Abbreviation: IKDC2000, International Knee Documentation Committee 2000 subjective knee form
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TABLE 3

Discriminatory profile between IKDC2000 score cutoffs and success cutoffs on RTAC 6 months after ACL
reconstruction

Measures Accuracy 95% Confidence Interval
Sensitivity 61.6% 50.7, 72.5%
Specificity 84.8% 77.0,92.6%
Positive predictive value 90.8% 85.4, 96.2%
Negative predictive value 47.6% 33.1, 62.0%
Positive likelihood ratio 4.1 2.0,8.1
Negative likelihood ratio 0.5 0.4,0.6

Abbreviation: IKDC2000, International Knee Documentation Committee 2000 subjective knee form; RTAC: Return to Activity Criteria; ACL:
anterior cruciate ligament
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RTAC

1K DC2000 scor es

Knee function below normal

ranges

K nee function within normal

ranges

P-value

Effect size

6 months postoperative
Quadriceps index (%)

Single hop for distance LSI (%)

Cross-over hop for distance LSI (%)

Triple hop for distance LSI (%)
6-m timed hop LSI (%)
KOS-ADLS (%)

GRS (%)

IKDC2000

80.4 (67.3, 88.9)
89.9 (79.5, 96.6)
90.7 (81.5, 95.4)
91.3 (83.0, 96.5)
92.3(87.3, 98.3)
89.6 (81.4, 94.3)
80.0 (70.5, 90.0)
74.7 (65.8, 80.5)

94.3 (85.6, 102.1)
95.1 (90.2, 99.6)
97.1(92.2, 101.4)
97.0 (92.4, 100.1)
97.3(93.7, 102.1)
97.1(94.3, 99.0)
95.0 (90.0, 99.0)
92.0 (86.2, 96.5)

<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

0.46
0.31
0.43
0.39
0.35
0.59
0.61
0.78

12 months postoperative
Quadriceps index (%)
Single hop for distance LSI (%)

Cross-over hop for distance LSI (%)

Triple hop for distance LSI (%)
6-m timed hop LSI (%)
KOS-ADLS (%)

GRS (%)

IKDC2000

92.3(82.3, 100.2)
92.3 (85.4, 100.0)
92.7 (84.8, 99.5)
96.0 (88.3, 99.7)
94.7 (90.5, 98.2)
90.0 (81.0, 94.3)
90.0 (79.0, 95.0)
79.0 (72.4, 83.9)

94.1(89.1, 101.9)
98.0 (93.0, 102.0)
97.9 (93.1, 102.0)
98.0 (95.0, 101.1)
98.0 (95.0, 102.6)
97.1 (94.3, 100.0)
98.0 (95.0, 100.0)
95.4 (91.0, 98.8)

.054
.026
.005
.049
.003
<.001
<.001
<.001

0.16
0.20
0.25
0.18
0.26
0.52
0.48
0.69

Abbreviations: ACL, anterior cruciate ligament; RTAC: Return to Activity Criteria; LSI: Limb Symmetry Index; KOS-ADLS, Knee Outcome
Survey-Activities of Daily Living Scale; GRS, Global Rating Scale of Perceived Function; IKDC2000, International Knee Documentation

Committee 2000 subjective knee form

*
Data are Medians (25%, 75% quartiles)
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TABLE 5
Demographics of participants with self-reported knee function within and below normal ranges based on the

IKDC2000 scores.

Kneefunction below normal ranges  Knee function within normal ranges  P-value

6 month postoperative

Women/Men (N) 47/29 19/63 <.001

Age (years) 23.0 (18.0, 28.1) 24.6 (18.6, 36.0) .09

Time from surgery (weeks) 26.0 (25.2, 27.0) 26.3 (25.6, 27.8) 17
12 month postoperative

Women/Men (N) 13/18 49/61 .84

Age (years) 23.0 (18.0, 27.9) 24.0 (17.9, 33.0) 71

Time from surgery (weeks) 52.0 (52.0, 54.0) 53.0 (52.0, 54.6) .20

Abbreviation: IKDC2000, International Knee Documentation Committee 2000 subjective knee form

*
Data are Medians (25%, 75% quartiles) except for women/men
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TABLE 6

Discriminatory profile between IKDC2000 score cutoffs and success cutoffs on RTAC 12 months after ACL
reconstruction

Measures Accuracy 95% Confidence Interval
Sensitivity 37.3% 20.3,54.3%
Specificity 91.9% 86.8, 97.0%
Positive predictive value 80.7% 71.2,90.1%
Negative predictive value 61.8% 50.8, 72.9%
Positive likelihood ratio 4.6 2.0,10.5
Negative likelihood ratio 0.7 0.6,0.8

Abbreviation: IKDC2000, International Knee Documentation Committee 2000 subjective knee form; RTAC: Return to Activity Criteria; ACL:
anterior cruciate ligament
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