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Abstract

Purpose The purpose of this study was to utilize a novel
functional test system to facilitate determining the time of
return to sports following ACL reconstruction.

Methods Sixty-nine patients with unilateral ACL recon-
struction were included in this pilot study. All the patients
performed a standardized test battery consisting of one-
and two-legged stability tests, counter movement jumps,
speedy jumps, plyometric jumps and a quick feed test. The
first test was administered on average 170.7 £ 75.1 days
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post-operatively, and the retest was administered on aver-
age 239.1 &+ 79.7 days post-operatively. The values of the
subtests were compared with the normative data of healthy
gender- and age-matched controls to determine the func-
tional capacities of patients following ACL reconstruction.
Results  After the first and second test, 15.9 and 17.4 % of
the patients met the criteria for a “return to non-competitive
sports”. One patient fulfilled the criteria for a “return to
competitive sports” after the second test battery. The most
limiting factor was a poor LSI value of <90 % if the domi-
nant leg was involved and <80 % if the non-dominant leg
was involved.

Conclusion This test battery demonstrates that, in terms
of neuromuscular abilities, most patients, compared to
healthy controls, are most likely not ready for a safe return
to sports, even 8§ months post-operatively. This should be
considered in the future to determine when it is safe to
return to sports and should avoid a premature return to
competitive sports.

Level of evidence 1I1.

Keywords Back to sports - ACL - Test battery - Limb
symmetry index - Hop test - Stability test

Introduction

During the last decade, anterior cruciate ligament (ACL)
research has focused predominantly on anatomy and ana-
tomic ACL reconstruction. Although the surgical proce-
dure has been investigated thoroughly, there are unresolved
problems. One major problem is the high ACL re-rupture
rate. Webster et al. [31] recently reported an overall ACL
re-rupture rate of 4.5 %. In young and active subjects, re-
rupture rates of up to 20 % have been reported. One factor
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that might contribute to such high ACL re-rupture rates is
a premature return to sports activities. According to Web-
ster et al. [31], 50 % of ACL graft ruptures occur during
the first year after primary ACL reconstruction. There is
general agreement that professional and high-level recrea-
tional athletes must undergo ACL reconstruction to return
to the pre-injury level [21]. Currently, at least 6 months
are recommended before patients are allowed to return to
contact or pivoting sports; although there is little firm evi-
dence regarding the safe return to play [15], many athletes
are pressured to make their comeback as soon as possible
following surgery.

There are several relevant factors for a safe return to
sports; however, some factors are more practicable than
others. One important factor concerns the strength and
maturation of the ACL graft. The graft undertakes a remod-
elling process during which the mechanical properties are
affected. Most of the knowledge regarding the remodel-
ling process is based on animal studies [8, 18, 27], and
the results from animal models are not directly applicable
to humans. From human biopsy studies, it is known that
the remodelling process is similar in animal models and
humans; however, the timeline is variable and unpredict-
able [14, 33]. Currently, clinical and/or functional predic-
tors are relied upon to determine a safe return to sports.
One important predictor to determine the safe return to
sports after ACL reconstruction is the patient’s functional
capacity. Even professional athletes with access to inten-
sive rehabilitation and training programs have functional,
neuromuscular and postural deficits following surgery, pos-
sibly leading to a higher ACL re-rupture risk. Several test
protocols have been designed to provide objective meas-
ures, which should facilitate deciding when a return to
contact or high-risk pivoting sports is relatively safe. Test
protocols typically consist of laxity measurements and sub-
jective scores as well as various jumping and strength tests
[4, 5, 11, 23, 25]. Most of these protocols require expen-
sive equipment or are extremely time-consuming or exces-
sively complex for implementation in daily clinical practice
[22]. Nevertheless, probably more than 90 % of the patients
return to sports without any objective functional evalua-
tion after ACL surgery. This might be a reason of such high
ACL graft rupture rates. Therefore, a novel standardized
test battery that is simple to use and does not require exces-
sive equipment or a large amount of time or space was
developed [34].

In this pilot study, the test protocol was used for the
first time to evaluate the functional abilities of a group of
patients following ACL reconstruction. The test battery
covers different neuromuscular and coordinative skills and
allows comparison to normative data of healthy subjects. It
can be used in a routine fashion to objectively determine
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the earliest time point when patients are ready to safely
return to sports following ACL reconstruction.

Materials and methods

Sixty-nine patients, 27 (39.1 %) female (mean age
209 £+ 7.8 years) and 42 (609 %) male (mean age
21.5 4+ 5.7 years), were included in this prospective study.
Thirty (43.5 %) patients had injured their non-dominant
leg, whereas 39 (56.5 %) had injured their dominant leg. All
the patients underwent a standardized early rehabilitation
protocol. The time point for the first test was determined by
the patient (“when he or she felt ready”), the treating sur-
geon and the physiotherapist as well as being by subjective
and objective criteria (no swelling of the knee, full range of
knee motion and the ability to safely perform all the func-
tions required by the tests in physical therapy). The patients
performed the test battery on average 170.7 & 75.1 (range
100—494) days following unilateral ACL reconstruction and
were retested on average 239.1 £ 79.7 (range 145-574)
days post-operatively. The test and retest were used to
determine whether a return to prior sports activity could be
recommended.

The injury patterns of the study cohort are presented
in Fig. 1. For the ACL reconstructions, hamstring tendon
grafts were used in 47 (68.1 %) cases, quadriceps tendon
grafts in 12 (17.4 %) and bone patellar tendon bone grafts
in 10 (14.5 %) patients. In 12 (17.4 %) of the 69 patients,
the surgery was an ACL revision.

The following inclusion criteria were used: (1) unilateral
ACL reconstruction with or without combined meniscus
repair or partial meniscus resection as well as combined
conservatively treated MCL injuries, (2) between 10 and
50 years of age at surgery, (3) a completed test and retest
and (4) expected high patient compliance. The follow-
ing exclusion criteria were used: (1) bilateral ACL tears,
(2) multi-ligament reconstructions, (3) concomitant MCL
reconstruction or repair, (4) clinically relevant cardiovascu-
lar history and (5) clinically relevant neurological and neu-
romuscular disorders.

Description of the test battery

The test battery was previously described in detail [34]. The
test battery “back in action” can be accomplished in 45 min
and only needs little equipment and one room. It consisted
of the following subtests: a two-legged (TL-ST) and one-
legged stability test (OL-ST), a two-legged (TL-CMJ) and
one-legged counter movement jump with height and power
calculations (OL-CMJ), speedy jumps (OL-SY), plyometric
jumps (TL-PJ) and a quick feed test (TL-QFT) [34].
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Fig. 1 Injury pattern distribu-
tion within the study cohort 50 +
shown as percentage

Isolated ACL

The test-retest analysis of this new ACL test battery
resulted in an interclass correlation coefficient between
0.688 and 0.921 for all the subtests [34].

The values of all the tests were categorized into five
groups from “very good”, “good”, “normal”, “weak” and
“very weak” according to the age- and gender-matched
normal data of 434 healthy subjects. The categorizations
considered the gender, patient age and leg dominancy. For
the calculation of the limb symmetry index (LSI) of the
one-legged tests, the resulting absolute value of the injured
leg was divided by the value of the non-affected leg and
multiplied by 100. For the stability, quick feet and speedy
tests, lower values were considered better than higher val-
ues, and the calculation of the LSI was different. For these
tests, the LSI was calculated by dividing the measured
value of the non-affected leg by the value of the injured
side and multiplying by 100. The different LSI calculations
were performed to achieve comparable and consistent val-
ues for all the single-legged tests. With our adaptation of
the LSI formula for those tests, the LSI for the injured leg
is always suspected of being inferior to the unaffected side.

Objective criteria for a return to sport

For a recommendation for a safe return to sports, a patient
was required to score at least “normal” on any of the sub-
tests. The patients who intended to return to competitive
high-risk sports (e.g. alpine skiing or soccer) were required
to score values that were at least regarded as “good” within
the normative values (Table 1). An LSI >90 % for the dom-
inant leg and an LSI >80 % for the non-dominant deter-
mined the time for a return to play.

ACL + lateral ACL + medial ACL +both ACL+MCL ACL+MCL+ ACL+MCL+

both menisci lateral menisus

Table 1 Objective criteria patients had to fulfil for a “safe” return to
play compared to normative values of healthy controls

Categories of norm data Competitive athletes Recreational athletes

Very good X X

Good X X

Norm X

Weak

Very weak

LSI dominant leg (%) >90 >90

LSI non-dominant leg >80 >80
(%)

The procedures were reviewed and approved by the
Board of Ethical Questions in Science of the University of
Innsbruck.

Statistical analysis

For the statistical analysis, SPSS® 20.0 (IBM SPSS Sta-
tistics, New York, USA) for Mac software was used. The
normal distribution was tested and confirmed with the Kol-
mogorov—Smirnov test for the metrical data and with the
Chi-squared test for the nominal data. The quantitative
parameters were evaluated with the calculation of the mean
and standard deviations (SDs). To determine possible dif-
ferences between the test values of the patients who were
ready for a return to play and the patients who had deficits,
the Student’s ¢ test or Mann—Whitney U test were used,
depending on the data distribution. To evaluate the pro-
gress during physical therapy between the tests and retests,
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matched pair analyses using the Student’s ¢ test or the Wil-
coxon test, depending on the data distribution, were per-
formed. All the measurements are expressed with =1 SD.
Statistical significance was accepted for p < 0.05.

A post hoc power analysis using G*Power 3.1.9.2 (Franz
Paul, Kiel, Germany) was used to determine the power of the
present study. Based on the results of the Student’s ¢ test and
Mann—Whitney U test, an effect size of 0.35 was calculated.
With the underlying effect size, an o of 0.05 and a study
group of sixty-nine patients, a power of 0.82 was calculated.

Results

The use of this novel test battery was found to be feasible for
all the patients, and no injuries were encountered throughout
the test performances. The required test time per patient was
between 45 and 60 min, including the warm up period.

After completing the test battery for the first time
(approximately 5.6 months post-surgery), only 11 (15.9 %)
of the 69 patients fulfilled the criteria determining a safe
return to sports, indicating that they scored at least “good”
or “normal”. At this time, none of the 63 patients who
wanted to participate in competitive sports fulfilled the
required criteria.

The most limiting factor for a return to sports at this time
point was the LSI. The pre-defined criteria for a safe return
to play were LSI values >90 % if the dominant leg was
affected and >80 % if the non-dominant leg was affected.
For the OL-ST, OL-CMJ for height and power and the
OL-SY, 17.4, 40.6, 39.1 and 5.8 % of the patients did not
meet those criteria. Figures 2 and 3 show the details of each
subtest compared to those of a group of healthy subjects.

Fig. 2 Single-legged subtests:
performance reached at the OL-SY non-dominant
initial test shown as percentage

OL-SY dominant

OL-CM] Power non-dominant
OL-CM] Power dominant
OL-CM]J Height non-dominant
OL-CM]J Height dominant
OL-ST non-dominant

OL-ST dominant
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After completing the test battery for the first time, two
subtests showed significantly (p < 0.05) different results.
The absolute values for the OL-ST of the dominant leg
(p = 0.048) and the LSIs for the OL-CMJ for height
and power (p = 0.013, p = 0.022) differed significantly
between those patients who were ready and were not ready
to return to play.

After completing the test battery for the second time
(approximately 8 months following ACL reconstruction), 12
(17.4 %) patients were ready for a return to sports, and one
patient met the criteria for a safe return to competitive sports.

The LSI was the most limiting factor at this time point
for a return to play. For the OL-ST, OL-CM]J for height and
power and the OL-SY, 13.0, 24.6, 37.7 and 1.4 % of the
patients did not meet those criteria (Table 2).

Figures 4 and 5 summarize the patients’ scores in the
retest compared to those of the group of healthy subjects.

In the retest, significant differences between the patients
who were ready and were not ready to return to play
could be detected by the TL-CMJ for height and power
(p = 0.025, p = 0.014), the OL-CMJ of the dominant leg
for height (p = 0.003) and for the TL-PJ (p = 0.000). The
subtest values showed no significant differences (n.s.)
between the groups.

The evaluation of the test and retest performance of the
study cohort showed a significant (p < 0.05) improvement
over time in most subtests (Tables 3, 4).

Discussion

The most important finding of the present study was that
approximately 8 months following ACL reconstruction,

B Very good
| B Good
| Norm
Weak
| Very weak

0% 20% 40% 60% 80% 100%
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Fig. 3 Single-legged subtests: |
performance reached at the )
initial test shown as percentage TL-QFT
] m Very good
® Good
Norm
1 Weak
0% 20% 40% 60% 80% 100%
Fig. 4 Single-legged subtests: _ |
performance reached at the OL-SY non-dominant
retest shown as percentage |
OL-SY dominant
OL-CM] Power non-dominant
| m Very good
OL-CM] Power dominant B Good
| Norm
OL-CM] Height non-dominant
| Weak
OL-CM] Height dominant Very weak
OL-ST non-dominant
OL-ST dominant
|
0% 20% 40% 60% 80% 100%

82.6 % of the patients had functional deficits in one or
more parameters compared to a group of healthy age- and
gender-matched subjects. Additionally, only 1.5 % of the
patients were ready for a return to competitive sports, if
strict criteria were applied.

The test battery “back in action” is practical since it can
be accomplished in 45 min and only needs very little equip-
ment and space. Furthermore, due to the software used, a
quick evaluation and feedback of the patient’s performance
is possible.

Webster et al. [31] recently published a post-ACL recon-
struction graft rupture rate of 4.5 % during a 3-year follow-
up. Patients under 20 years of age have a particularly high

incidence of ACL re-rupture. After 5 or more years, up to
11 % of patients sustained a re-rupture and up to 16 % had
a contralateral ACL injury [6, 32]. Although those studies
document the re-rupture rate over a 3- to 5-year period,
many ACL re-ruptures occur within the first year after sur-
gery [26, 31]. Several studies found a higher risk of ACL
re-rupture if patients participated in a high-risk sport that
includes pivoting or cutting movements [16, 26, 31].
Although up to 90 % of the patients return to play after an
ACL surgery [2, 10, 12, 19], only 50 % return to their pre-
injury activity level [2, 3, 10, 19]. These studies demonstrate
that although many patients return to play after ACL recon-
struction, the timing might be premature with respect to
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Fig. 5 Two-legged subtests:
performance reached at the

TL-QFT
retest shown as percentage Q

TL-PJ

TL-CM] Power

TL-CM]J Height

TL-ST

i

m Very good

B Good
Norm
Weak

Very weak

0%

Table 2 LSI for all one-legged subtests of test and retest shown as
mean values + SD

20% 40% 60% 80% 100%

Table 4 LSI for all two-legged subtests of test and retest shown as
mean values + SD

Absolute values p value Absolute values p value
Test Retest Test Retest
LSI OL-ST 102.6 £ 15.3 99.9 £+ 12.7 n.s. TL-ST 2.1+05 19+04 0.023*
LSI OL-CMI height 87.4 +20.7 93.1+154 0.016%* TL-CMIJ height 384 £57 40.1 £ 6.6 0.000*
LSI OL-CMJ power 89.9 +22.7 93.3 £20.0 n.s. TL-CM1J power 444 4+79 457+£99 n.s.
LSIOL-SY 97.5+ 139 98.7 £ 13.1 n.s. TL-PJ 21£05 22+£05 0.002*
TL-QFT 85+ 1.7 8.0+£12 0.000*

p values marked with * indicate statistical significance

Table 3 LSI with respect to dominant and non-dominant side for all
one-legged subtests of test and retest shown as mean values & SD

Absolute values p value

Test Retest
OL-ST dominant 21+£05 20£04 ns.
OL-ST non-dominant 21405 1.9+03 0.004*
OL-CMI height dominant 21.5+45 225+£53 0.018*
OL-CMI height non-dominant 209 +£5.7 223+43 0.010%
OL-CMIJ power dominant 273+59 279+79 ns.
OL-CMIJ power non-dominant  26.6 £7.9 28.0+64 ns.
OL-SY dominant 59+£1.1 54£1.1 0.000*
OL-SY non-dominant 59+13 55+09 0.003*

p values marked with * indicate statistical significance

their functional abilities or the mechanical properties of the
graft. These factors might place patients at a significant risk
of re-injury. Most of the knowledge regarding the remod-
elling process originates in animal studies. Those studies
show that the biomechanical properties of a graft are at their
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p values marked with * indicate statistical significance

weakest between 6 and 8 weeks post-operatively, followed
by a slow increase in strength. The graft could resist physio-
logical loads 6—8 months post-operatively [8, 18, 27]. Physi-
ological remodelling in humans might be slower [14, 33].
Restoration of functional capabilities following ACL recon-
struction is crucial because the mechanical characteristics of
a healing graft could not be safely characterized.

The time point for a safe return to competitive sports is
highly controversial. Currently, a minimum of 6 post-oper-
ative months is recommended before returning to pivoting
and competitive sports [12, 15].

Despite intensive physical therapy following ACL sur-
gery, functional deficits might be present much longer than
surgeons or patients have previously thought. We demon-
strated in our study that only 17.4 % of the patients did
not show functional deficits 8 months post-surgery. The
remaining 82.6 % of the patients had a functional deficit in
at least one subtest, and a safe return to sports could not be
recommended.
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Laboute et al. [16] found that patients who returned to
competitive sports within 7 months post-operatively had
a significantly higher risk of ACL re-rupture than did the
patients who returned to play later (p = 0.014). This find-
ing is supported by the fact that patients who return to
strenuous activities following ACL reconstruction have a
higher risk of ACL re-rupture and contralateral ACL injury
[26]. The experience of our study as well as that of other
studies questions the value of a time-based return-to-sports
recommendations and favours the use of a criteria-based
approach [16, 26].

This high incidence of graft failure and contralateral
ACL rupture during the first year after ACL reconstruction
might be related to insufficient graft strength as well as to
limb asymmetries or neuromuscular deficits. Ageberg et al.
and Augustsson et al. [1, 4] reported that the LSI value
could detect functional deficits. In our study, the most lim-
iting factor for a return to play was an LSI below 90 % for
the dominant leg and 80 % for the non-dominant leg on the
test and retest after 5.6 and 8 months, respectively. Poor
LSI values for the jumping, stability and quick feet tests
are supported in the literature. In our study, the mean LSI
value of the CMJ was approximately 93 %. Thome¢ et al.
[29] found post-operative LSI values for the CMJ of 77.3
and 88.4 % at 6 and 12 months, respectively. In their study,
an LSI value of >90 % was not achieved until 24 months
post-operatively. This finding is in accordance with the data
published by Myer et al. [20]. At 10 months post-surgery,
they found an LSI of 89 % on the vertical jump tests. Addi-
tionally, the LSI values for the hop tests correlated with the
self-reported outcome measures, as well as with the return
to the pre-injury level after ACL reconstruction [3, 17].

In this test battery, over 90 % of the patients achieved
values within the “norm” compared to the healthy controls
on the stability tests. Webster et al. [30] demonstrated that
subjects with an ACL-reconstructed knee have inferior sta-
bilizing abilities compared to the abilities of healthy con-
trols even 2.5 years after surgery. Their findings are sup-
ported by other researchers [7, 24]. A systematic review of
Howells et al. [13] found high discrepancies for the stabil-
ity and postural performance of patients following ACL
reconstruction. They documented that ACL surgery leads
to limitations in the single-legged and two-legged stability
tests. This finding is in good accordance with our data.

Most studies investigating the neuromuscular outcome
following ACL surgery use various hop tests [9]. Mykle-
bust et al. [21] found that even professional athletes with
their extensive rehabilitation and training programs have
deficits in the hop test performance in the reconstructed
limb compared to the performance on the uninjured side.
Further, the hop test performance correlates with the ability
for a return to play [28].

A test battery for the determination of a “safe” return to
play must assess postural abilities and hop tests as well as
speed and muscle strength testing.

This study has several limitations. This pilot study
included only a limited number of subjects, and no stand-
ardized clinical data in terms of knee scores or instru-
mented ACL laxity tests were gathered. To show a positive
influence regarding re-rupture, a higher number of patients
and longer follow-up are needed.

To the best of our knowledge, this study is the first to use
a test battery to compare normative data of age- and gender-
matched healthy controls to that of subjects who had under-
gone ACL reconstruction. This comparison allows a cate-
gorization for every subtest to determine whether patients
continue to have functional deficits or whether they have
overcome their functional deficits. Based on the results
of an initial test at 4-6 months, recommendations regard-
ing future rehabilitation and training might be offered. The
patient as well as the physician could observe improvement
during the rehabilitation process. This pilot study shows
that in many patients, their perception on their functional
abilities diverges markedly from their test results. For the
patient, an objective test result provided motivation for fur-
ther training and was crucial for an awareness of the risks
associated with a premature return to sports activity.

Based on our results, surgeons have to be more restric-
tive in determining a return to sports. Answering the crucial
question of when to safely return to play is necessary and
can be made possible using a standardized test battery with
objective comparison with healthy controls. The future will
show whether such test batteries are helpful to prevent re-
injuries after ACL surgery due to a too premature return to
sports.

Conclusion

Approximately 8 months following ACL surgery, a com-
parison of the results on our novel test battery to the nor-
mative data of healthy controls indicated that only 17.4 %
of the patients were ready for a return to play. Of the 69
patients, only one patient met the criteria for a return to
sports on a competitive level despite participation in a con-
trolled rehabilitation program. The test battery was shown
to be safe and extremely helpful in counselling a patient
with respect to further training and the timing of a return
to sports.

Acknowledgments
research foundation.

The study was funded by a Grant of the OSM

Conflict of interest The authors declare that they have no conflict
of interest related to this study.

@ Springer



1290

Knee Surg Sports Traumatol Arthrosc (2015) 23:1283-1291

Open Access

This article is distributed under the terms of the Crea-

tive Commons Attribution License which permits any use, distribu-
tion, and reproduction in any medium, provided the original author(s)
and the source are credited.

References

10.

11.

12.

13.

. Ageberg E, Thomeé R, Neeter C, Silbernagel KG, Roos EM

(2008) Muscle strength and functional performance in patients
with anterior cruciate ligament injury treated with training and
surgical reconstruction or training only: a two to five-year fol-
lowup. Arthritis Rheum 59:1773-1779

. Ardern CL, Taylor NF, Feller JA, Webster KE (2012) Return-to-

sport outcomes at 2 to 7 years after anterior cruciate ligament
reconstruction surgery. Am J Sports Med 40:41-48

. Ardern CL, Webster KE, Taylor NF, Feller JA (2011) Return

to the preinjury level of competitive sport after anterior cruci-
ate ligament reconstruction surgery: two-thirds of patients have
not returned by 12 months after surgery. Am J Sports Med
39:538-543

. Augustsson J, Thomeé R, Karlsson J (2004) Ability of a new

hop test to determine functional deficits after anterior cruciate
ligament reconstruction. Knee Surg Sports Traumatol Arthrosc
12:350-356

. Bjorklund K, Skold C, Andersson L, Dalén N (2005) Reliability

of a criterion-based test of athletes with knee injuries; where the
physiotherapist and the patient independently and simultaneously
assess the patient’s performance. Knee Surg Sports Traumatol
Arthrosc 14:165-175

. Bourke HE, Salmon LJ, Waller A, Patterson V, Pinczewski LA

(2012) Survival of the anterior cruciate ligament graft and the
contralateral ACL at a minimum of 15 years. Am J Sports Med
40:1985-1992

. Clark RA, Howells B, Pua YH, Feller J, Whitehead T, Webster

KE (2014) Assessment of standing balance deficits in people
who have undergone anterior cruciate ligament reconstruc-
tion using traditional and modern analysis methods. J Biomech
47:1134-1137

. Dustmann M, Schmidt T, Gangey I, Unterhauser FN, Weiler A,

Scheffler SU (2008) The extracellular remodeling of free-soft-
tissue autografts and allografts for reconstruction of the anterior
cruciate ligament: a comparison study in a sheep model. Knee
Surg Sports Traumatol Arthrosc 16:360-369

. Engelen-van Melick N, Cingel REH, Tijssen MPW, Nijhuis-van

der Sanden MWG (2012) Assessment of functional performance
after anterior cruciate ligament reconstruction: a systematic
review of measurement procedures. Knee Surg Sports Traumatol
Arthrosc 21:869-879

Grindem H, Eitzen I, Moksnes H, Snyder-Mackler L, Risberg
MA (2012) A pair-matched comparison of return to pivoting
sports at 1 year in anterior cruciate ligament-injured patients after
a nonoperative versus an operative treatment course. Am J Sports
Med 40:2509-2516

Gustavsson A, Neeter C, Thomeé P, Grivare Silbernagel K,
Augustsson J, Thomeé R, Karlsson J (2006) 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 14:778-788

Harris JD, Abrams GD, Bach BR, Williams D, Heidloff D, Bush-
Joseph CA, Verma NN, Forsythe B, Cole BJ (2014) Return to
sport after ACL reconstruction. Orthopedics 37:e103—-e108
Howells BE, Ardern CL, Webster KE (2011) Is postural control
restored following anterior cruciate ligament reconstruction?

@ Springer

14.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A systematic review. Knee Surg Sports Traumatol Arthrosc
19:1168-1177

Janssen RPA, van der Wijk J, Fiedler A, Schmidt T, Sala HAGM,
Scheffler SU (2011) Remodelling of human hamstring autografts
after anterior cruciate ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc 19:1299-1306

. Kvist J (2004) Rehabilitation following anterior cruciate ligament

injury: current recommendations for sports participation. Sports
Med 34:269-280

. Laboute E, Savalli L, Puig P, Trouve P, Sabot G, Monnier G,

Dubroca B (2010) Analysis of return to competition and repeat
rupture for 298 anterior cruciate ligament reconstructions with
patellar or hamstring tendon autograft in sportspeople. Ann Phys
Rehabil Med 53:598-614

Logerstedt D, Grindem H, Lynch A, Eitzen I, Engebretsen L, Ris-
berg MA, Axe MJ, Snyder-Mackler L (2012) Single-legged hop
tests as predictors of self-reported knee function after anterior
cruciate ligament reconstruction: the delaware-oslo ACL cohort
study. Am J Sports Med 40:2348-2356

Mayr HO, Stoehr A, Dietrich M, Eisenhart-Rothe R, Hube R,
Senger S, Suedkamp NP, Bernstein A (2011) Graft-dependent
differences in the ligamentization process of anterior cruciate
ligament grafts in a sheep trial. Knee Surg Sports Traumatol
Arthrosc 20:947-956

McCullough KA, Phelps KD, Spindler KP, Matava MJ, Dunn
WR, Parker RD, MOON Group, Reinke EK (2012) Return to
high school- and college-level football after anterior cruciate liga-
ment reconstruction: a multicenter orthopaedic outcomes network
(MOON) cohort study. Am J Sports Med 40:2523-2529

Myer GD, Martin L, Ford KR, Paterno MV, Schmitt LC, Heidt
RS, Colosimo A, Hewett TE (2012) No association of time from
surgery with functional deficits in athletes after anterior cruciate
ligament reconstruction: evidence for objective return-to-sport
criteria. Am J Sports Med 40:2256-2263

Myklebust G, Holm I, Maehlum S, Engebretsen L, Bahr R (2003)
Clinical, functional, and radiologic outcome in team handball
players 6 to 11 years after anterior cruciate ligament injury: a
follow-up study. Am J Sports Med 31:981-989

Narducci E, Waltz A, Gorski K, Leppla L, Donaldson M (2011)
The clinical utility of functional performance tests within one-
year post-acl reconstruction: a systematic review. Int J Sports
Phys Ther 6:333-342

Neeter C, Gustavsson A, Thomeé P, Augustsson J, Thomeé R,
Karlsson J (2006) Development of a strength test battery for
evaluating leg muscle power after anterior cruciate ligament
injury and reconstruction. Knee Surg Sports Traumatol Arthrosc
14:571-580

Negahban H, Ahmadi P, Salehi R, Mehravar M, Goharpey S
(2013) Neurosci Lett 556:118-123

Reid A, Birmingham TB, Stratford PW, Alcock GK, Giffin JR
(2007) Hop testing provides a reliable and valid outcome meas-
ure during rehabilitation after anterior cruciate ligament recon-
struction. Phys Ther 87:337-349

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

Scheffler SU, Unterhauser FN, Weiler A (2008) Graft remodeling
and ligamentization after cruciate ligament reconstruction. Knee
Surg Sports Traumatol Arthrosc 16:834-842

Thomeé R, Kaplan Y, Kvist J, Myklebust G, Risberg MA, The-
isen D, Tsepis E, Werner S, Wondrasch B, Witvrouw E (2011)
Muscle strength and hop performance criteria prior to return to
sports after ACL reconstruction. Knee Surg Sports Traumatol
Arthrosc 19:1798-1805



Knee Surg Sports Traumatol Arthrosc (2015) 23:1283-1291

1291

29.

30.

31.

Thomeé R, Neeter C, Gustavsson A, Thomeé P, Augustsson J,
Eriksson B, Karlsson J (2012) Variability in leg muscle power
and hop performance after anterior cruciate ligament reconstruc-
tion. Knee Surg Sports Traumatol Arthrosc 20:1143-1151
Webster KA, Gribble PA (2010) Time to stabilization of anterior
cruciate ligament-reconstructed versus healthy knees in national
collegiate athletic association division I female athletes. J Athl
Train 45:580-585

Webster KE, Feller JA, Leigh WB, Richmond AK (2014)
Younger patients are at increased risk for graft rupture and con-
tralateral injury after anterior cruciate ligament reconstruction.
Am J Sports Med 42:641-647

32.

33.

34.

Wright RW, Magnussen RA, Dunn WR, Spindler KP (2011) Ipsi-
lateral graft and contralateral acl rupture at five years or more
following ACL reconstruction. A systematic review. J Bone Joint
Surg Am 93:1159-1165

Zaffagnini S, Pasquale V, Marchesini Reggiani L, Russo A, Agati
P, Bacchelli B, Marcacci M (2009) Electron microscopy of the
remodelling process in hamstring tendon used as ACL graft.
Knee Surg Sports Traumatol Arthrosc 18:1052-1058

Zisch B (2010) Entwicklung einer Testbatterie zur Beurteilung
einer Sportriickkehr nach einer Verletzung des vorderen Kreuz-
bandes. Masterthesis, LFU Innsbruck

@ Springer



	Functional assessments for decision-making regarding return to sports following ACL reconstruction. Part II: clinical application of a new test battery
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Description of the test battery
	Objective criteria for a return to sport
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments 
	References




