vol. 10 e no. 6 SPORTS HEALTH

Validation of a Composite Test for
Assessment of Readiness for Return to

Sports After Anterior Cruciate Ligament
Reconstruction: The K-STARTS Test

Wiliam G. Blakeney, MBBS, MSc, MS, FRACS, Hervé Ouanezar, MD, Isabelle Rogowski, PhD,
Gregory Vigne, PhD, and Bertrand Sonnery-Cottet, MD*

Background: There is limited information on the appropriate timing of return to sports after anterior cruciate ligament
(ACL) reconstruction. A composite test was developed to assess the athlete’s ability to return to sports after ACL
reconstruction: the Knee Santy Athletic Return To Sport (K-STARTS) test.

Hypothesis: The K-STARTS test meets validation criteria for an outcome score assessing readiness for return to sports after
ACL reconstruction.

Study Design: Diagnostic study.
Level of Evidence: Level 3.

Methods: A prospective comparative study identified 410 participants: 371 participants who had undergone ACL
reconstruction and a control group of 39 healthy participants. The K-STARTS score is calculated as the sum of 7 tests
(8 components), for a maximal value of 21 points. Construct validity, internal consistency, discriminant validity, and
sensitivity to change were used to validate this new test.

Results: The K-STARTS assessment showed a high completion rate (100%), high reproducibility (intraclass correlation
coefficient, 0.87; coefficient of variation, 7.8%), and high sensitivity to change. There was moderate correlation with the ACL
Return to Sports after Injury scale (ACL-RSD and hop tests. There were no ceiling or floor effects. There was a significant
difference between K-STARTS scores assessed at 6 and 8 months postoperatively (11.2 + 2.7 vs 17.1 + 3.2; P < 0.001). The
K-STARTS score in the control group was significantly higher than that in the ACL reconstruction group (17.3 + 2.1 and

13.7 + 3.8, respectively; P < 0.001).

Conclusion: The K-STARTS test is an objective outcome measure for functional improvement after ACL reconstruction.

Clinical Relevance: It is important for the clinician to determine when return to sports is optimal after ACL reconstruction
to reduce the current high risk of reinjury.
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nterior cruciate ligament (ACL) reconstruction is one of physiological knee function, and ability to return to sports at the
the most commonly performed orthopaedic previous level.*****" Numerous nonspecific tools have been

4. . .
procedures.*'*"* A successful ACL reconstruction developed for broad assessment of functional outcomes after

. ) . PRI 23,32,33,4 : :
procedure is well defined: a low rate of reoperation, recovery of | knee injuries.”>**** Interest in return to sports, however, is
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Table 1. Participant demographics?

G6M

Patients, n (male/female) 371 (287/84)

GTR CG
33 (25/8) 39 (29/10)

Age, y 28.0 £ 9.9 [14; 64] 22.9 + 6.2 [15; 37] 26.5 = 8.0 [19; 54]
Height, m 1.75 + 0.09 [1.51; 1.99] 1.74 £ 0.11 [1.55; 2.00] 1.74 + 0.09 [1.50; 1.90]
Mass, kg 73.6 + 13.5 [42; 120] 70.6 + 12.1 [51; 115] 65.9 + 12.1 [41; 96]**

Body mass index, kg/m? 24.0 + 3.3[16.4; 36.4]

232 +3.0[19.2; 32.8] 21.6 + 3.0 [17.0; 30.3]***

Sport involvement” 59/229/65/18

1/201111 12/18/9/0%%

CG, control group; G6M, anterior cruciate ligament reconstruction group; GTR, test-retest group.

“Mean = standard deviation of demographic characteristics and sport involvement of the 3 groups. Minimum/maximum in brackets, with *** denoting
significant differences between CG and G6M (P < 0.001), and %% denoting significant difference between G6M and CG at casual level (P < 0.001).
"Expressed in numbers for casual (<1 hour per week), regular (2-4 hours per week), intensive (>6 hours per week), or professional level, respectively.

quite recent, and these questionnaire-based general outcome
scores have not been objectively validated to determine when a
patient may get back to the playing field.**”* In a recent
survey of surgeons, many admitted to simply applying a time-
based “6 months rule” to allow athletes to return to normal
activities without the fear of rerupture.”® Grindem et al'*
recommend waiting at least 9 months prior to return to sports
to reduce the reinjury rate. Nagelli and Hewett” have suggested
that waiting as long as 24 months is advisable. Many studies,
however, have questioned the value of a purely time-based
criteria for return to sport.ml45

There has been much published regarding return to sport after
ACL reconstruction. A range of nonvalidated, heterogeneous
outcome measures have been used to date, including isokinetic
strength testing, knee examination, patient-reported outcome
measures, neuromuscular control assessments, and
psychological tests.”"” A 2011 systematic review identified 35
studies that had objective criteria for assessing return to sport.”
These criteria included muscle strength or thigh circumference
(28 studies), general knee examination (15 studies), single-leg
hop tests (10 studies), Lachman test (1 study), and validated
questionnaires (1 study). Only 2 studies used multiple factors to
determine whether return to sport was appropriate. They
concluded that the literature showed a general lack of objective
assessment regarding appropriate time to return to sport,
leading to problematic decision-making. Another systematic
review of level 1 randomized controlled trials reporting a
minimum 2-year follow-up after ACL reconstruction with return
to sport criteria found that 90% of studies failed to use objective
criteria."” This lack of objective outcome criteria for return to
sport may in part explain why ACL rerupture rates of up to 25%
have been reported.'*##3%%555 These are often related to
precocious return to spot,'+42023037555

The Knee Santy Athletic Return to Sport (K-STARTS) test is a
composite test designed to assess fitness for return to sports

after ACL reconstruction. It was developed in 2015 at the Santy
Orthopaedic Centre in Lyon, France, after a multidisciplinary
consultation with orthopaedic surgeons, physical therapists,
sports physicians, and rehabilitation exercise specialists. This
study aims to statistically validate the K-STARTS score using a
population of patients who underwent ACL reconstruction and
a healthy control group. We hypothesize that the K-STARTS test
meets validation criteria for an outcome score assessing
readiness for return to sports after ACL reconstruction.

METHODS
Population

A prospective series, between January 2016 and January 2018,
included 410 participants. Three groups were created (Table 1).
The first group (G6M) included 371 patients who had
undergone an ACL reconstruction. The inclusion criteria
consisted of an ACL reconstruction of 1 knee and no history of
injury on the contralateral knee. These patients underwent a
K-STARTS assessment at 6 months postoperatively. Thirty-three
patients were extracted from the GOM group and underwent a
second K-STARTS assessment at 8§ months postoperatively; they
were included in a test-retest group. The control group (CG)
comprised 39 healthy participants with no history of injury or
previous surgery of the lower limbs.

Construction of the K-STARTS Test

Tests were included based on the strength of evidence for their
use in the assessment of readiness for return to sport after ACL
reconstruction.

All tests were supervised by the same 2 rehabilitation exercise
specialists trained in the assessment of each of the components
of the test. The K-STARTS score is calculated as the sum of 8
components analyzed through 7 tests, for a maximum of 21
points: ACL Return to Sports after Injury scale (ACL-RSD)
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(3 points), single-leg landing (0-3 points), dynamic valgus (yes
or no; if yes, =3 points), side-to-side difference (%) for the
single-hop test (0-3 points), side-to-side difference (%) for the
triple-hop test (0-3 points), side-to-side difference (%) for the
side-hop test (0-3 points), side-to-side difference (%) during the
crossover hop test (0-3 points), and modified Illinois test
(0-3 points).

The report generated provides the composite test score as
well as the individual component scores so the clinician knows
where to target therapy.

ACL-RSI®®

Points are awarded according to the results on the ACL-RSI
questionnaire. Patients with an ACL-RSI mark of 76% or more
scored 3 points, between 63% and 76% scored 2 points,
between 55% and 63% scored 1 point, and below 55% scored 0
points.

Single-Leg Landing
As per the qualitative analysis of single-leg loading (QASLS),”
scoring was defined as a 0 for appropriate strategy, with 1 point
for each inappropriate movement, as follows: patients with 0
points obtained a score of 3, 1 point obtained a score of 2, 2
points obtained a score of 1, and when pain prevented the
patient from attempting the test or the patient scored 3 points or
more, a mark of 0 was obtained.

Dynamic Valgus Penalty

A penalty of 3 points was applied when the patient was judged
to have dynamic valgus of the limb on jump landing.

Hop Tests

The high number of marks awarded for hop tests in the
K-STARTS score (up to 12 points) reflects the large number of
published studies>***" that use hop testing as an objective
outcome measure.

The limb symmetry index (LSD) is the percentage deficit of the
distance hopped on the involved leg compared with the
contralateral uninvolved leg."** To build the K-STARTS score,
points were awarded according to the LSI result on each hop
test (single, triple, side, and crossover). Participants with 90% or
more obtained 3 points, between 80% and 90% scored 2 points,
80% or less had 1 point, and when pain prevented the test, no
points were attributed.

Modified llinois Test

The Modified Illinois Change of Direction Test (MICODT) is a
variation of the Illinois Change of Direction Speed test, a well-
accepted standardized test of ability to change direction.”® To
build the K-STARTS score, we awarded points according to the
average time for the MICODT. An average time of <12.5 seconds
scored 3 points, 12.5 to 13.5 seconds scored 2 points, >13.5
seconds scored 1 point, and when pain prevented the test, no
points were given.

Statistical Analysis

The Consensus-based Standards for Selection of Health
Measurement Instruments was used as a guideline while
validating the K-STARTS test.*® All statistical tests were
performed using SPSS 11.0 software (IBM Corp), with the level
of significance set at P < 0.05. Ceiling or floor effects were
considered to be present if more than 15% of respondents
achieved the highest or lowest possible score.

Construct Validity

The Pearson coefficient of correlation (r) was calculated to
measure the strength of association between the individual
components on each other as well as by each component on
the total K-STARTS score. The Spearman coefficient of
correlations (p) was computed to evaluate the amount of
variation explained by each component on the total K-STARTS
score. Correlations were considered low, moderate, or strong at
ror p 20.3, 20.5, and 0.7, respectively.

Internal Consistency

The K-STARTS test is represented by 8 components, and
consistency is not an objective. Indeed, it is important in this
situation to reflect different rather than similar or homogeneous
characteristics of the knee function. Higher Cronbach alpha may be
attained by narrowness of content that can limit predictive utility.”
Schmitt™ cautioned against the view that o should necessarily be
>0.70. He also noted that as coefficient alpha is not a measure of
unidimensionality, it may underestimate reliability if a scale is
multidimensional. The Cronbach alpha coefficient (o) was
performed to demonstrate that each component assessed different
things. In this context, we looked for 0.60 < o < 0.70.

Discriminant Validity

The K-STARTS score should discriminate between groups with
an established difference in injury severity. The known-group
difference was tested by comparing the K-STARTS score between
the ACL reconstruction group (G6M) and the healthy control
group (CG), using the Welch 7 test for 2 independent samples.

Reproducibility and Sensitivity to Change

Reproducibility of the K-STARTS score was assessed by asking 10
patients to repeat assessment 24 hours later. For the reliability
analysis, the intraclass correlation coefficient (ICC) and the
standard error of measurement (SEM) for repeated measures and
the coefficient of variation (CV) were calculated. The minimal
detectable change (MDC) was calculated using the formula MDC
=12 * 1.96 = SEM and used to define the sensitivity to change.
Comparing the K-STARTS test at 6 months and at 8 months
postoperatively using the Student ¢ test for paired samples
provided information on sensitivity to change.

RESULTS

The 3 groups presented similar demographics and sports
involvement (Table 1). Mean raw values for the 8 components
of the K-STARTS for the 3 groups are presented in Table 2.
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Table 2. Results of the different components of the K-STARTS test?

6 months 8 months

ACL-RSI Raw’ 67.7 +17.2[7;100] 62.0 + 14.2 [28; 95] 79.4 +13.6 [37; 97] 91.4 + 9.2 [64; 100]

Score® 1.7+1.2[0; 3] 1.8+1.2[0; 3] 2.5+1.0[0; 3] 29+0.2[2; 3
Single-leg landing | Raw’ 91/243/33/4 5/12/1/0 14/17/2/0 8/17/1/0

Score® 21+06[0; 3] 20+05][1; 3] 24+06[1;3 22+05][1;3]
Valgus Raw® 101/270 6/12 13/19 8/18

Score® -22+13[3;0] -2.6+1.0[-3; 0] -1.8+15[3; 0] -2.3+1.3[-3;0]
Single-hop test Raw” 90.2 +9.0[60.0; 116.0] | 84.9 + 8.8 [60.0; 101.9] | 94.8 = 7.7 [72.0; 104.9] | 99.2 + 5.6 [87.1; 110.0]

Score® 25+07[1;3 21+0.7[1;3] 28+05[1;3] 29+0.2[2; 3]
Triple-hop test Raw’ |89.9 +8.1[63.4;109.4] | 85.2 + 7.1 [66.9; 100.0] | 93.2 + 5.5 [81.3; 102.5] | 98.0 + 5.5 [84.7; 112.0]

Score® 25+0.71; 3] 21 +£0.7[1; 3] 28+0412; 3] 3.0+£0.2[2; 3
Side-hop test Raw” 87.5+14.9 82.6 £ 141 95.6 + 8.4 65.1 £ 9.6

[0; 144.7] [40.4; 100.0] [71.4;117.6] [79.2; 128.6]

Score® 23+08[0; 3] 21+08][1;3] 28+06[1;3 28+0.4[2; 3]

Crossover hop test | Raw” 90.5+10.1 [0; 118.8] |83.3 +7.7 [70.7; 118.8] | 95.3 + 6.0 [82.6; 108.3] |  100.0 + 6.2 [82.9;
115.1]

Score® 25+0.71[0; 3] 1.9+0.7[1; 3] 28+0.412; 3 3.0+0.2[2; 3]

Modified lllinois Raw” 12.73 +1.16 12.74 + 0.95 12.05 + 0.90 11.96 + 1.07
[10.65; 19.44] [11.55; 15.07] [10.88; 14.59) [10.35; 14.72]

Score® 23+08[1;3] 23+08][1; 3] 27+06[1;3] 27+06]1;3]

K-STARTS Score® | 13.7 £3.8[3; 21 11.2 £ 2.7 [6; 18] 17.1 £ 3.2 [9; 211%% 17.3 = 2.1 [14; 21]

ACL-RSI, Anterior Cruciate Ligament Return to Sports after Injury scale; CG, control group; G6M, anterior cruciate ligament reconstruction group; GTR, test-
retest group; K-STARTS, Knee Santy Athletic Return To Sport.
“Mean + standard deviation, raw (or numbers), and score values for each component and K-STARTS in the 3 groups. Minimum/maximum in brackets, with
** denoting significant differences between CG and G6M (P < 0.001), and %% denoting significant difference between 6 and 8 months postsurgery in GTR

(P< 0.001).

PExpressed in percentage (%).

“Expressed in points.

%xpressed in number of compensations (0, 1, 2, 3+, respectively).
“Expressed in number absent and present, respectively.

Construct Validity

Pearson coefficient of correlation (r) and Spearman coefficient
of correlations (p) for all components are presented in Table 3.
The K-STARTS score demonstrated low correlation with the
single-leg landing and dynamic valgus component and
moderate correlation with the ACL-RSI, hop tests, and modified
Ilinois test. There was no correlation between the individual
components of the test except for among the different
components of the hop tests.

Internal Consistency

The Cronbach alpha coefficient was 0.65, which was lower than
0.7, indicating that there was little internal consistency between
the 8 components included in the K-STARTS test.

Discriminant Validity

The Welch ¢ test for 2 independent samples revealed a
significant difference between the CG and G6M groups (effect
size, 1.72 [large effect]; P < 0.001). The K-STARTS score in the
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Table 3. Coefficients of Correlation?

Single-

Leg
Landing

Modified
lllinois
Test

Triple-
L 1]1]
Test

Crossover
Hop Test

r Single-leg landing -0.07

Valgus 0.04 -0.74

Single-hop test 0.28 -0.07 0.06

Triple-hop test 0.23 -0.05 0.02 0.69

Side-hop test 0.24 —0.04 0.00 0.46 0.45

Crossover hop test 0.23 —0.06 0.0E 0.56 0.64 0.39

Modified lllinois test | -0.14 0.02 -0.03 -0.31 -0.39 -0.32 -0.34

K-STARTS 0.53 -0.48 0.49 0.65 0.65 0.55 0.60 -0.51
p K-STARTS 0.57 0.47 0.48 0.62 0.62 0.59 0.62 0.51

ACL-RSI, Anterior Cruciate Ligament Return to Sports after Injury scale; K-STARTS, Knee Santy Athletic Return To Sport test.

“Significant differences (P < 0.001) are in boldface.

CG group was significantly higher than in G6M (95% CI, 2.8-4.3)
(see Table 2).

Reproducibility and Sensitivity to Change

Ten patients repeated the K-STARTS test 24 hours after their
initial test. The ICC for the repeated measures was 0.87, the
corresponding SEM was 1.2 points, and the CV was 7.8%. The
MDC was 3.3 points, which represents the minimum change
required to be 95% confident that real clinical change has
occurred.

The Student ¢ test for paired samples showed a significant
difference between the K-STARTS score assessed at 6 and 8
months postoperatively (effect size, 1.40 [large effect]; P <
0.001). The K-STARTS score was significantly higher at 8 months
postoperatively when compared with 6 months postoperatively
(95% CI, =7.1 to —4.2) (see Table 2).

Completion Rate

The completion rate was 100%. If a patient was unable to
perform part of the test, he or she scored 0 for that section.

Ceiling and Floor Effects

Only 16 of 371 patients (4.3%) had a maximum score. No
patients had a minimum score.

DISCUSSION

The main finding of this study is that the K-STARTS test meets
the criteria for validation as an objective test for return to sports
after ACL reconstruction. It had a high completion rate and high

reproducibility. There was moderate correlation with the ACL-
RSI and hop tests, which are tests that have demonstrated good
evidence for assessment of return to sports after ACL
reconstruction, #2450

There was little internal consistency between the 8
components included in the K-STARTS test. The intention was
to have low internal consistency, as the various components of
this composite test are designed to assess different aspects of
ACL rehabilitation. For questionnaires in which the items are
different aspects of a complex clinical phenomenon that do not
have to be correlated, internal consistency is not relevant.” The
sensitivity to clinically important change is an aspect of great
importance. The SEM (1.2) represents the error associated with
an individual score taken at any time point. The MDC
represents the minimum amount of change required to exceed
the measurement variability (to be 95% confident that real
clinical change has occurred). In this case, it was 3.3 points.
Clinically, this could represent an increase in 1 grade across 3
items of the K-STARTS questionnaire, or even an increase from
0 to 3 points in 1 item of the questionnaire.

As one would expect, the K-STARTS score in the control
group (17.1 £ 2.1) was significantly higher than in the ACL
reconstruction group (13.7 + 3.8). There was, however, no
ceiling effect demonstrated. It is useful for an assessment tool to
be capable of assessing function without having a ceiling effect.
Ceiling effects are considered to be present if more than 15% of
respondents achieved the highest possible score.” Only 16
patients (4.3%) had a maximum score, and no patients had a
minimum score, so there was also no floor effect. Interestingly,
many participants in the healthy control group did not achieve
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a maximum K-STARTS score. This suggests that a maximum
score may not be required to return to sport. A follow-up study
analyzing long-term data on return-to-sport rates with graft
rupture and reinjury rates is required to determine the safe
score for return to sport.

Return to sport after ACL reconstruction is much lower than
would be expected, with only 65% of patients returning to their
preinjury level of sport and only 55% to competitive sport.”
Graft rupture rates of up to 25% have been reported, and these
are often related to early return to sport."**#3*73% Ope study
demonstrated that patients who returned to high-level sporting
activity had a 4-fold higher rate of reinjury to the knee." This
rate was reduced by 50% for each month return to sport was
delayed from 6 to 9 months after surgery. This change in
patients’ rehabilitation status was reflected in the difference in
the K-STARTS score seen at 6 months postoperatively (11.2 +
2.7) compared with that when repeated at 8 months (17.1 + 3.2;
P < 0.00D). Other studies, however, have questioned the value
of a purely time-based criteria for return to sport.'** %

Insufficient neuromuscular control during dynamic movements
may be a major factor in both primary and secondary
(postoperative) ACL injury risk 24420 During various landing and
cutting exercises, excessive knee abduction moments and
frontal plane trunk displacement may be predictive of ACL
injury.% There is currently, however, some debate about
whether increased knee abduction moments are associated with
increased risk of ACL injury, with Goetschius et al'** unable to
reproduce the results of the study by Hewett et al”' showing
this association. These movements have also been linked with
increased stress loading, leading to potential graft failure in ACL
reconstruction patients.n'56 The qualitative scoring system
(QASLS) used to calculate this component of the K-STARTS
score had excellent validity when compared with 3-dimensional
motion capture kinematics during single-leg landing.” In a
number of studies, isokinetic quadriceps strength testing has
also been used as a factor in determining readiness for return to
sports.” We decided to exclude strength testing from the
K-STARTS score, as we wanted a test that was simple to
administer by a clinician without the need for specialized
equipment.

Recently, the idea of a barrage of tests that can assess many of
these outcomes together has gained popularity.18’19’26'34'40 Kyritsis
et al®® demonstrated that athletes who did not meet satisfactory
scores on 6 tests before returning to professional sport had a 4
times greater risk of ACL graft rupture. Nawasreh et al** found an
increased rate of return to sport in patients who passed a battery
of 4 tests (81% and 84% at 12 and 24 months, respectively)
compared with those who had failed (44% and 46%; P = 0.012).
Herbst et al"” evaluated a series of physical assessments,
comparing patient results with normative data to matched healthy
controls. All the above evaluation systems provide binary pass/
fail outcomes for each component, requiring the patient to
achieve passes in a minimum number of components to
accomplish an overall pass. This differs from the K-STARTS test,
which provides a continuous score rather than a binary outcome.

This has the advantage of monitoring a patient’s change over
time, as well as detecting differences between patients. This also
allows the treating physician to adjust the rehabilitation as
appropriate. The K-STARTS provides a composite score as well as
the individual components so that the clinician can identify a
patient’s areas of weakness on a case by case basis.

Physical tests have been the mainstay of evaluation for return
to sport, but several studies have identified psychological
readiness as an important factor.****" A fear of reinjury and lack
of confidence in the knee may influence return to sport.** The
ACL-RSI scale was developed to measure the psychological
impact of returning to sport after ACL reconstruction.* Langford
et al”® demonstrated that patients who had returned to
competitive sport at 12 months scored significantly higher on the
ACL-RSI scale than participants who had not. Ardern et al’
assessed the results of 7 different knee questionnaires, analyzing
all aspects of knee function, in 164 patients after ACL
reconstruction. They found that psychological readiness to return
to sport measured using the ACL-RSI was most associated with
returning to preinjury levels. An advantage of the K-STARTS test
is that it includes both physical tests for assessment of return to
sports and a psychological assessment (ACL-RSD), to give a more
holistic evaluation of the patient’s ability.

Limitations

All patients in the series were referred to an orthopaedic sports
center, and the potential for referral bias exists. The number of
participants used for the reliability component is small, and the
time between measurements (24 hours) may introduce recall
bias (for participants answering the questionnaire) or observer
bias (of the clinicians rating quality of performance). There are
many factors that contribute to a safe return to sport after ACL
reconstruction, which may not all be assessed using surrogate
outcome measures. The K-STARTS may measure functional
improvement, but long-term data are required to see if this
translates into a scoring system that assesses readiness for return
to sport after ACL reconstruction. A follow-up study will assess
this, analyzing return-to-sport rates with graft rupture and
reinjury rates.

CONCLUSION

The K-STARTS test is an objective outcome measure for
functional improvement after ACL reconstruction.

AUTHORS

William G. Blakeney, MBBS, MSc, MS, FRACS (Centre
Orthopédique Santy, FIFA Medical Center of Excellence,
Ramsay-Générale de Sante, Hopital Prive Jean Mermoz, Lyon,
France); Hervé Ouanezar, MD (Centre Orthopédique Santy,
FIFA Medical Center of Excellence, Ramsay-Générale de Sante,
Hopital Prive Jean Mermoz, Lyon, France); Isabelle Rogowski,
PhD (Centre de Recherche et d'Innovation sur le Sport-EA,
Villeurbanne Cedex, France); Gregory Vigne (Athlétic France,
Lyon, France); Meven Le Guen (Athlétic France, Lyon, France);



vol. 10 e no. 6

SPORTS HEALTH

Jean-Marie Fayard, MD (Centre Orthopédique Santy, FIFA
Medical Center of Excellence, Ramsay-Générale de Sante,
Hopital Prive Jean Mermoz, Lyon, France); Mathieu Thaunat,
MD (Centre Orthopédique Santy, FIFA Medical Center of
Excellence, Ramsay-Générale de Sante, Hopital Prive Jean
Mermoz, Lyon, France); Pierre Chambat, MD (Centre
Orthopédique Santy, FIFA Medical Center of Excellence,
Ramsay-Générale de Sante, Hopital Prive Jean Mermoz, Lyon,
France); Bertrand Sonnery-Cottet, MD (Centre Orthopédique
Santy, FIFA Medical Center of Excellence, Ramsay-Générale de
Sante, Hopital Prive Jean Mermoz, Lyon, France).

REFERENCES

1.

17.

18.

Almangoush A, Herrington L. Functional performance testing and patient
reported outcomes following ACL reconstruction: a systematic scoping review.
Int Sch Res Notices. 2014;2014:613034.

Ardern CL. Anterior cruciate ligament reconstruction—not exactly a one-way
ticket back to the preinjury level. Sports Health. 2015;7:224-230.

Ardern CL, Glasgow P, Schneiders A, et al. 2016 consensus statement on return
to sport from the First World Congress in Sports Physical Therapy, Bern. BrJ
Sports Med. 2016;50:853-804.

Ardern CL, Osterberg A, Tagesson S, Gauffin H, Webster KE, Kvist J. The impact
of psychological readiness to return to sport and recreational activities after
anterior cruciate ligament reconstruction. BrJ Sports Med. 2014;48:1613-1619.
Ardern CL, Taylor NF, Feller JA, Webster KE. Fifty-five per cent return to
competitive sport following anterior cruciate ligament reconstruction surgery:
an updated systematic review and meta-analysis including aspects of physical
functioning and contextual factors. BrJ Sports Med. 2014;48:1543-1552.

Ardern CL, Taylor NF, Feller JA, Webster KE. Return-to-sport outcomes at 2 to
7 years after anterior cruciate ligament reconstruction surgery. Am J Sports Med.
2012;40:41-48.

Barber-Westin SD, Noyes FR. Factors used to determine return to unrestricted
sports activities after anterior cruciate ligament reconstruction. Arthroscopy.
2011;27:1697-1705.

Bollen SR, Scott BW. Rupture of the anterior cruciate ligament—a quiet
epidemic? Injury. 1996;27:407-409.

Czuppon S, Racette BA, Klein SE, Harris-Hayes M. Variables associated with
return to sport following anterior cruciate ligament reconstruction: a systematic
review. Br ] Sports Med. 2014;48:356-364.

Frank CB, Jackson DW. The science of reconstruction of the anterior cruciate
ligament. J Bone Joint Surg Am. 1997;79:1556-1576.

Gianotti SM, Marshall SW, Hume PA, Bunt L. Incidence of anterior cruciate
ligament injury and other knee ligament injuries: a national population-based
study. / Sci Med Sport. 2009;12:622-627.

Goetschius J, Smith HC, Vacek PM, et al. Application of a clinic-based algorithm
as a tool to identify female athletes at risk for anterior cruciate ligament injury.
Am ] Sports Med. 2012;40:1978-1984.

Grassi A, Vascellari A, Combi A, Tomaello L, Canata GL, Zaffagnini S. Return
to sport after ACL reconstruction: a survey between the Italian Society of Knee,
Arthroscopy, Sport, Cartilage and Orthopaedic Technologies (SIGASCOT)
members. Eur ] Orthop Surg Traumatol. 2016;26:509-516.

Grindem H, Snyder-Mackler L, Moksnes H, Engebretsen L, Risberg MA. Simple
decision rules can reduce reinjury risk by 84% after ACL reconstruction: the
Delaware-Oslo ACL cohort study. Br] Sports Med. 2016;50:804-808.

. Gustavsson A, Neeter C, Thomeé P, et al. A test battery for evaluating hop

performance in patients with an ACL injury and patients who have undergone
ACL reconstruction. Knee Surg Sports Traumatol Arthrosc. 2006;14:778-788.
Hachana Y, Chaabéne H, Ben Rajeb G, et al. Validity and reliability of new
agility test among elite and subelite under 14-soccer players. PLoS One.
2014;9:€95773.

Harris JD, Abrams GD, Bach BR, et al. Return to sport after ACL reconstruction.
Orthopedics. 2014;37:¢103-e108.

Hartigan EH, Axe MJ, Snyder-Mackler L. Time line for noncopers to pass return-
to-sports criteria after anterior cruciate ligament reconstruction. J Orthop Sport
Phys Ther. 2010;40:141-154.

Herbst E, Hoser C, Hildebrandt C, et al. Functional assessments for decision-
making regarding return to sports following ACL reconstruction. Part II:

20.

21.

22.

23.

24,

26.

27.

28.

30.

3L
32.

33.

34.

30.

37.

38.

39.

40.

41.

clinical application of a new test battery. Knee Surg Sports Traumatol Arthrosc.
2015;23:1283-1291.

Herrington L, Myer G, Horsley 1. Task based rehabilitation protocol for

elite athletes following anterior cruciate ligament reconstruction: a clinical
commentary. Phys Ther Sport. 2013;14:188-198.

Hewett TE, Myer GD, Ford KR, et al. Biomechanical measures of neuromuscular
control and valgus loading of the knee predict anterior cruciate ligament injury
risk in female athletes: a prospective study. Am J Sports Med. 2005;33:492-501.
Hildebrandt C, Miiller L, Zisch B, Huber R, Fink C, Raschner C. Functional
assessments for decision-making regarding return to sports following ACL
reconstruction. Part I: development of a new test battery. Knee Surg Sports
Traumatol Arthrosc. 2015;23:1273-1281.

Irrgang JJ, Ho H, Harner CD, Fu FH. Use of the International Knee
Documentation Committee guidelines to assess outcome following anterior
cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc.
1998;6:107-114.

Itoh H, Kurosaka M, Yoshiya S, Ichihashi N, Mizuno K. Evaluation of functional
deficits determined by four different hop tests in patients with anterior cruciate
ligament deficiency. Knee Surg Sports Traumatol Arthrosc. 1998;6:241-245.

. Kamath GV, Murphy T, Creighton RA, Viradia N, Taft TN, Spang JT. Anterior

cruciate ligament injury, return to play, and reinjury in the elite collegiate athlete.
Am ] Sports Med. 2014;42:1638-1643.

Kyritsis P, Bahr R, Landreau P, Miladi R, Witvrouw E. Likelihood of ACL graft
rupture: not meeting six clinical discharge criteria before return to sport is
associated with a four times greater risk of rupture. BrJ Sports Med. 2016;50:946-
951.

Laboute E, Savalli L, Puig P, et al. Analysis of return to competition and repeat
rupture for 298 anterior cruciate ligament reconstructions with patellar or
hamstring tendon autograft in sportspeople. Ann Phys Rebabil Med. 2010;53:598-
614.

Langford JL, Webster KE, Feller JA. A prospective longitudinal study to assess
psychological changes following anterior cruciate ligament reconstruction
surgery. Br ] Sports Med. 2009;43:377-378.

Leys T, Salmon L, Waller A, Linklater J, Pinczewski L. Clinical results and risk
factors for reinjury 15 years after anterior cruciate ligament reconstruction. Am ]
Sports Med. 2012;40:595-605.

Lind M, Menhert F, Pedersen AB. The first results from the Danish ACL
reconstruction registry: epidemiologic and 2 year follow-up results from

5,818 knee ligament reconstructions. Knee Surg Sports Traumatol Arthrosc.
2009;17:117-124.

Loevinger J. The attenuation paradox in test theory. Psychol Bull. 1954;51:493-
504.

Lysholm J, Gillquist J. Evaluation of knee ligament surgery results with special
emphasis on use of a scoring scale. Am ] Sports Med. 1982;10:150-154.

Marx RG, Jones EC, Allen AA, et al. Reliability, validity, and responsiveness of
four knee outcome scales for athletic patients. / Bone Joint Surg Am. 2001;83-
A:1459-14069.

Mascarenhas R, Tranovich M, Karpie JC, Irrgang JJ, Fu FH, Harner CD.

Patellar tendon anterior cruciate ligament reconstruction in the high-demand
patient: evaluation of autograft versus allograft reconstruction. Arthroscopy.
2010;26(suppl 9):558-S66.

. Mihelic R, Jurdana H, Jotanovic Z, Madjarevic T, Tudor A. Long-term results

of anterior cruciate ligament reconstruction: a comparison with non-operative
treatment with a follow-up of 17-20 years. Int Orthop. 2011;35:1093-1097.
Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN study reached
international consensus on taxonomy, terminology, and definitions of
measurement properties for health-related patient-reported outcomes. J Clin
Epidemiol. 2010,63:737-745.

Morgan MD, Salmon 1J, Waller A, Roe JP, Pinczewski LA. Fifteen-year survival
of endoscopic anterior cruciate ligament reconstruction in patients aged 18 years
and younger. Am J Sports Med. 2016;44:384-392.

Munro AG, Herrington LC. Between-session reliability of four hop tests and the
agility t-test. J Strength Cond Res. 2011;25:1470-1477.

Nagelli CV, Hewett TE. Should return to sport be delayed until 2 years

after anterior cruciate ligament reconstruction? Biological and functional
considerations. Sports Med. 2017;47:221-232.

Nawasreh Z, Logerstedt D, Cummer K, Axe M, Risberg MA, Snyder-Mackler L.
Do patients failing return-to-activity criteria at 6 months after anterior cruciate
ligament reconstruction continue demonstrating deficits at 2 years? Am J Sports
Med. 2017;45:1037-1048.

Noyes FR, Barber SD, Mangine RE. Abnormal lower limb symmetry determined
by function hop tests after anterior cruciate ligament rupture. Am J Sports Med.
1991;19:513-518.

521



522

Blakeney et al

Nov e Dec 2018

42,

43.

44.

46.
47.

48.

49.

Nwachukwu BU, Voleti PB, Berkanish P, et al. Return to play and patient
satisfaction after ACL reconstruction. J Bone Joint Surg Am. 2017;99:
720-725.

O'Donoghue DH. An analysis of end results of surgical treatment of major
injuries to the ligaments of the knee. J Bone joint Surg Am. 1955;37-A:1-13.
Paterno MV, Schmitt LC, Ford KR, et al. Biomechanical measures during landing
and postural stability predict second anterior cruciate ligament injury after
anterior cruciate ligament reconstruction and return to sport. Am J Sports Med.
2010;38:1968-1978.

Salmon L, Russell V, Musgrove T, Pinczewski L, Refshauge K. Incidence and risk
factors for graft rupture and contralateral rupture after anterior cruciate ligament
reconstruction. Arthroscopy. 2005;21:948-957.

Schmitt N. Uses and abuses of coefficient alpha. Psychol Assess. 1996;8:350-353.
Shelbourne KD, Gray T. Results of anterior cruciate ligament reconstruction
based on meniscus and articular cartilage status at the time of surgery. Am ]
Sports Med. 2000;28:446-452.

Spindler KP, Wright RW. Anterior cruciate ligament tear. N Engl | Med.
2008;359:2135-2142.

Terwee CB, Bot SD, de Boer MR, et al. Quality criteria were proposed for
measurement properties of health status questionnaires. J Clin Epidemiol.
2007;60:34-42.

50.

51.

52.

53.

54.

55.

50.

Thomeé R, Neeter C, Gustavsson A, et al. Variability in leg muscle power and
hop performance after anterior cruciate ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc. 2012;20:1143-1151.

Tripp DA, Stanish WD, Reardon G, Coady C, Sullivan MJ. Comparing
postoperative pain experiences of the adolescent and adult athlete after anterior
cruciate ligament surgery. J Athl Train. 2003;38:154-157.

Webster KE, Feller JA, Lambros C. Development and preliminary validation

of a scale to measure the psychological impact of returning to sport following
anterior cruciate ligament reconstruction surgery. Phys Ther Sport. 2008;9:9-15.
Webster KE, Feller JA, Leigh WB, Richmond AK. Younger patients are at
increased risk for graft rupture and contralateral injury after anterior cruciate
ligament reconstruction. Am J Sports Med. 2014;42:641-647.

Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, Webster KE, Myer GD.
Risk of secondary injury in younger athletes after anterior cruciate ligament
reconstruction. Am J Sports Med. 2016;44:1861-1876.

Wright RW, Magnussen RA, Dunn WR, Spindler KP. Ipsilateral graft and
contralateral ACL rupture at five years or more following ACL reconstruction.

J Bone Joint Surg Am. 2011;93:1159-1165.

Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki J. Deficits in
neuromuscular control of the trunk predict knee injury risk. Am J Sports Med.
2007;35:1123-1130.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.



