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Purpose: To validate the functional performance tests (FPTs) after anterior cruciate ligament (ACL) reconstruction.

Materials and Methods: Thirty men in their third decade after ACL reconstruction at 6 month follow-up and thirty healthy subjects were selected.
Lysholm knee score, International Knee Documentation Committee (IKDC) subjective score, Tegner activity score, KT-2000 arthrometer test,
isokinetic strength test, functional performance tests (one leg hop test, co-contraction test, shuttle run test, carioca test) were performed in two
groups. We evaluated the test-retest reliability of FPTs in healthy group and the between FPTs and other parameters in ACL reconstruction group.
Results: The test-retest result showed high correlation in co-contraction test (r=0.511), shuttle run test (r=0.746), carioca test (r=0.742). In the ACL
reconstruction group, the IKDC score, Tegner activity score, extensor power at 60°/s, and one leg hop test also showed high correlation between each
test.

Conclusions: The three FPTs showed correlations with the established methods for determining return to sports activities after ACL reconstruction
and had high test-retest reliability. Therefore we believe the three FPTs can be useful methods to assess knee function in athletes after ACL
reconstruction.
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Introduction activities. However, some studies have shown that these tests are
not reliable predictors of the functional stability of the knee in
It is a major challenge to determine when it is safe to return  sports activities™.
to normal activities for patients in rehabilitation after anterior To overcome the limitations of the aforementioned methods,
cruciate ligament (ACL) reconstruction”. various functional performance tests (FPTs) have been intro-
The Lachman test, anterior drawer test, pivot shift test, KI-2000  duced including the figure-eight course run test, shuttle run test,
arthrometer test, and isokinetic strength test have been used to  one leg hop for distance test, and carioca test™™®,
determine when to resume physical activities, especially sports Among them, three FPTs (cocontraction test, carioca test, and

shuttle run test) suggested by Lephart et al.>” are delicate tests that
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associated with the ACL, pivoting, and stopping and turning.
The cocontraction test reproduces rotational forces on the knee

and deceleration forces that are common in sports activities. The
carioca test reproduces the pivot-shift phenomenon in the ACL-

insufficient knee when subjects move laterally with a cross-over
This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any To use these tests for functional assessment in clinical settings)
medium, provided the original work is properly cited.

step.

a set of criteria should be developed to differentiate normal and
abnormal findings according to gender, age, and activity level.

Copyright © 2012. THE KOREAN KNEE SOCIETY In this study, we investigated the validity of the three FPTs and
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their relationships with clinical evaluation in ACL reconstruction
patients and healthy controls.

Materials and Methods

1. Materials

A total of 60 male subjects were enrolled in this study. The
ACL reconstruction group included 30 patients in their 20s.
They underwent single bundle ACL reconstruction using a
quadruple semitendinosus tendon (ST) autograft or quadruple
ST and gracilis tendon autograft by the same surgeon. The FPTs
were done at 26 months postoperatively. Medial meniscal tear
repair, medial menisectomy, and lateral meniscal tear repair were
performed additionally in 4, 1, and 4 of the patients, respectively.

The healthy group consisted of 30 males in their 20s who
were similar in terms of age and activity level. None of them
underwent surgery in the lower limb or were diagnosed with an
orthopedic disorder in the most recent year (Table 1).

2. Methods

Male patients who were in their 20s and received an ACL
reconstruction (ACL reconstruction group) and healthy male
subjects who were matched for age, weight, height, and activity
level (healthy group) were enrolled in this study.

In both groups, the Lysholm knee score, IKDC subjective
score, and Tegner activity score were measured and the KT-
2000 arthrometer test, isokinetic strength test (Biodex System
3 isokinetic dynamometer, Biodex Medical Systems, Shirley,
Shirley, NY, USA), one leg hop test, and three FPTs (co-
contraction test, shuttle run test, carioca test) were performed.

To assess the test-retest reliability of the three FPTs, the 1st and
2nd tests were performed with an interval of two weeks in the
healthy group.

1) KT-2000 arthrometer test

The patient was placed in the supine position with the knee
flexed to 30°. The arrow on the arthrometer was placed to be in
line with the tibia using Velcro straps. Anterior translation at 30

Table 1. Demographic Information of the Subjects in This Study

Group n Age (yr) Height (cm) Weight (kg)
ACLR 30 23.43+3.17 177+7.07 77.07+£8.41
Healthy 30 24.73+2.16 174+4.58 74.95%£10.75

Values are presented as mean+standard deviation.
ACLR: anterior cruciate ligament reconstruction.
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Ib was measured in mm.

2) Isokinetic strength test

The isokinetic strength test was performed to measure the
muscle strength of the involved and uninvolved knees. The
patient was seated with the hip flexed at 90°. The position was
maintained by securing straps at the chest, hip, and thigh. The
lateral femoral condyle was aligned with the rotational axis of
the dynamometer and the dynamometer arm was secured to
the lower leg 2 cm proximal to the ankle. Measurements were
performed at 60°/s four times for each patient. The data was
categorized according to the muscle strength variables.

3) One leg hop test

The patient was asked to stand on one leg and jump as far
forward as possible. This procedure was repeated three times for
each leg. The longest distance of the three trials for each leg was
used for analysis.

4) Cocontraction test

The cocontraction test was performed by securing a Velcro belt
around the patient’s waist. The belt was attached to a long rubber
tube with a length of 122 cm (48 inches) and a diameter of 2.54
cm (1 inch). The tube was anchored to a metal loop that was
secured on a wall 154 cm (60 inches) above the floor. A semicircle
with a radius of 244 cm from the metal loop was painted on the
floor. The patient standing with his toes on the line was asked to
run wall to wall along the semicircular line five times (3 times,
right to left and 2 times, left to right) and the time to completion
was measured (Fig. 1).

5) Shuttle run test
The shuttle run test was performed by asking the patient to run

Fig. 1. Co-contraction test. The co-contraction test was performed for
each subject to complete five wall-to-wall lengths of the 180° semicircle
by securing a heavy Velcro belt around the waist.
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back and forth on a 6.1 m course. The patient ran and touched a
line at the end of the course and ran in reverse direction to touch
the line at the starting point and repeated this process. Therefore,
the test covered 24.4 m with three changes in direction and the
fastest speed was recorded.

6) Carioca test

The carioca test was performed by requiring the patient to run
laterally two lengths of a 12 m distance with a crossover step.
The patient ran the course from left to right and then in reverse
direction and the fastest speed was recorded (Fig. 2).

3. Statistical Analysis

The data generated in this study was analyzed using SPSS ver.
15.0 (SPSS Inc., Chicago, IL, USA). To assess the validity of the
FPTs, the correlations between the three FPTs and subjective/

Fig. 2. Carioca test. The carioca test was performed on the subjects to
move laterally with a crossover step and performed over two lengths of a
40 foot distance in as minimum an amount of time as possible.

Table 2. Test-Retest on Three FPTs in the Healthy Group

objective evaluation methods were analyzed using Pearson
product-moment correlation. To assess the test-retest reliability,
the FPT results obtained with an interval of two weeks were
analyzed using the Pearson product-moment correlation.
Statistical significance was set at p<0.05.

Results

The test-retest reliability of the three FPTs was high:
cocontraction test, r=0.511 and p=0.025; shuttle run test, r=0.746
and p=0.000; and carioca test, r=0.742 and p=0.000 (Table 2).
The FPT results in the healthy group and ACL reconstruction
group are presented in Table 3. In the ACL reconstruction group,
the FPT results were significantly correlated with the IKDC
subjective score, Tegner activity score, and KT-2000 arthrometer
test results: 1) the correlation coefficient of the cocontraction
test was r=-0.569 (p=0.001), r=-0.397 (p=0.030), and r=0.499
(p=0.008), respectively; 2) the value of the shuttle run test
was r=-0.512 (p=0.004) and r=-0.505 (p=0.004), respectively;
and 3) the value of the carioca test with the IKDC subjective
score and Tegner activity score was r=-0.453 (p=0.012) and r=
-0.484 (p=0.007), respectively (Table 4). Statistically significant
correlations were also observed between the three FPTs and all
the isokinetic strength test variables including the extensor peak
torque at 60°/s, peak torque per body weight, total work, and
total work per body weight of the involved knee (Table 5). The
FPTs were positively correlated with the one leg hop test: 1) the
correlation coefficient of the cocontraction test in the involved
knee and the uninvolved knee was r=-0.701 (p=0.000) and r=
-0.745 (p=0.000), respectively; 2) the value of the shuttle run test
was r=-0.756 (p=0.000) and r=-0.747 (p=0.000), respectively;
and 3) the value of the carioca test was r=-0.749 (p=0.000) and
r=-0.596 (p=0.000), respectively (Table 6). There were significant
relationships among the three FPTs: 1) the correlation coeflicient

1st test 2ndtest
Co-contraction Shuttle run test Carioca test
Co-contraction test (sec) Correlation coefficient 0.511°
p-value 0.025
Shuttle run test (sec) Correlation coefficient 0.746"
p-value 0.000
Carioca test (sec) Correlation coefficient 0.742"
p-value 0.000

FPTs: functional performance test.
?p<0.05, "p<0.01.
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Table 3. The Results of the Three FPTs between the Two Groups

Healthy group ACL reconstruction group
Minimum value Maximum value Mean SD Minimum value ~ Maximum value Mean  SD
Co-contraction (sec) 11.59 15.84 13.3 1.04 1147 27.09 14.89 291
Shuttle run test (sec) 5.73 7.31 6.49 0.39 6.02 10.39 7.67 097
Carioca test (sec) 578 9.31 6.96 0.81 5.50 16.16 931 243

FPTs: functional performance test, ACL: anterior cruciate ligament, SD: standard deviation.

Table 4. Correlation between the Three FPTs, Subjective Scores and KT-2000 in the ACL Reconstruction Group

Lysholm score IKDC score Tegner score KT-2000 deficits
Co-contraction test Correlation coefficient -0.057 -0.569” -0.397” 0.499”
p-value 0.763 0.001 0.030 0.008
Shuttle run test Correlation coefficient -0.191 -0.512Y -0.505” 0.268
p-value 0.312 0.004 0.004 0.177
Carioca test Correlation coefficient -0.058 -0.453" -0.484” 0.297
p-value 0.761 0.012 0.007 0.132

FPTs: functional performance test, ACL: anterior cruciate ligament, IKDC: International Knee Documentation Committee.
?p<0.01, ”p<0.05.

Table 5. Correlation between the Three FPTs and Isokinetic Strength Test in the ACL Reconstruction Group

Co-contraction test (sec) Shuttle run test (sec) Carioca test (sec)
Involved 60°/sec Extension PT (Nm) -0.528" -0.507" -0.417"
PT%BW (%) -0.507" -0.550" -0.404"
TW (Joule) -0.548” -0.572" -0.511”
TW%BW (%) -0.532” -0.638” -0.509”
Flexion PT (Nm) -0.457" -0.349 -0.497”
PT%BW (%) -0.388" -0.352 -0.479”
TW (Joule) -0.321 -0.244 -0.433"
TW%BW (%) -0.288 -0.289 -0.436”
Uninvolved 60°/sec Extension PT (Nm) -0.326 -0.240 -0.245
PT%BW (%) -0.205 -0.151 -0.126
TW (Joule) -0.362" -0.430" -0.455"
TW%BW (%) -0.336 -0.510” -0.466"
Flexion PT (Nm) -0.263 -0.189 -0.246
PT%BW (%) -0.120 -0.119 -0.164
TW (Joule) -0.226 -0.303 -0.407"
TW%BW (%) -0.374" -0.074 -0.175

FPTs: functional performance test, ACL: anterior cruciate ligament, PT: peak torque, BW: body weight, TW: total work.
¥p<0.01, "p<0.05.

of the cocontraction test with the shuttle run test and the carioca  Discussion

test was r=0.730 (p=0.000) and r=0.709 (p=0.000), respectively;

and 2) the value of the shuttle run test with the carioca test was The purpose of this study was to investigate whether the
r=0.711 (p=0.000) (Table 7). three FPTs could serve as important predictors/indicators of
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Table 6. Correlation between the Three FPTs and the One Leg Hop Test in the ACL Reconstruction Group

Involved one hop test (cm) Uninvolved one hop test (cm)
Co-contraction test (sec) Correlation coefficient -0.701” -0.745Y
p-value 0.000 0.000
Shuttle run test (sec) Correlation coefficient -0.756" -0.7479
p-value 0.000 0.000
Carioca test (sec) Correlation coeflicient -0.749" -0.596"
p-value 0.000 0.001
FPTs: functional performance test, ACL: anterior cruciate ligament.
“p<0.01.
Table 7. Correlation of the Three FPTs in the ACL Reconstruction Group
Co-contraction test (sec) Shuttle run test (sec) Carioca test (sec)
Co-contraction test Correlation coefficient
p-value
Shuttle run test Correlation coefficient 0.730”
p-value 0.000
Carioca test Correlation coefficient 0.709” 0.711"
p-value 0.000 0.000

FPTs: functional performance test, ACL: anterior cruciate ligament.
“p<0.01.

knee function after ACL reconstruction. For this purpose, we
evaluated correlations between the three FPTs and the subjective/
objective evaluation methods in patients at 6 months after ACL
reconstruction. In addition, we assessed the test-retest reliability
of the FPTs in healthy controls.

In the absence of standardized methods to assess knee function
and stability after ACL reconstruction, especially for return
to sports activities, surgeons previously relied on the static
laxity test"'”, physical indicators including the thigh muscle
circumference and range of motion'”, and the thigh muscle peak
torquelo’lz)

However, conclusive correlations have not been established
between knee function and muscle strength, ligament laxity,
and range of motion. This is partly due to the fact that the
reliability of joint laxity measurements could be compromised
due to manual measurement errors and thigh muscle strength
measurement techniques have limited accuracy. In addition,
subjective evaluation methods that are reliant on the patients self-
assessment for the definition of function of the ACL insufficient
knee have low sensitivity and are thus inappropriate to be a
criterion for assessment”.

Therefore, a determination on return to sports activities in ACL
insufhicient athletes should be based not on the peak torque, joint

laxity, circumferential thigh girth, and range of motion but on the
three FPT results”.

Lephart et al.” suggested that the amount of static laxity was not
related to the capacity to dynamically compensate for the ACL
insufficiency because notable anterior translation of the involved
knee affected neither the FPT results nor the performance of the
athletes. In addition, objective test results could not necessarily
be associated with subjective symptoms or joint function”. In
this study, a notable correlation with the KT-2000 arthrometer
test that shows the amount of anterior translation could only
be found in the cocontraction test (r=0.499) excluding the two
remaining FPTs.

Lephart et al.” reported that the isokinetic strength test alone
cannot appropriately evaluate the patient’s ability to return
to sports because peak torque has no direct association with
functional performance. Anderson et al.” reported that the
isokinetic strength test was not related to dash time, vertical
jump, and agility run time test. On the other hand, some authors
associated the isokinetic strength test with running, cutting,
and one legged hopping"'” while others related the test to one
legged hopping only". Likewise, there is no consensus on the
efficacy of the isokinetic strength test for functional performance
assessment after ACL reconstruction. In this study, we noted a



statistically significant relationship between the three FPTs and
all variables of the isokinetic strength test of the knee extensor at
60/s.

Barber et al.'” reported that the single leg hop test and sin-
gle leg vertical jump test are more reliable tools than the iso-
kinetic strength test for assessing functional recovery after
ACL reconstruction. In this study, we also found significant
correlations between the three FPTs and the one leg hop test
in both the uninvolved and the involved knees. Therefore, we
believe the three FPTs are useful methods for evaluation of knee
joint function after ACL reconstruction.

In addition, we investigated relationships among the three FPTs
by reproducing rotatory force, tibial subluxation, deceleration
and acceleration that can occur during sports in patients with
ACL reconstruction” and confirmed statistically significant
correlations among them. The test-retest reliability was high in
the healthy controls. It is our understanding that the three FPTs
can be helpful in evaluating knee joint function and used in
addition to other evaluation methods when knee joint stability is
obtained through rehabilitation after ACL reconstruction.

Conclusion

The three FPTs showed correlations with the established
methods for determining return to sports activities after ACL
reconstruction and had high test-retest reliability. Therefore,
we believe the three FPTs can be useful methods to assess knee
function in athletes after ACL reconstruction.
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