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Functional Tests for Determining Return to Play Following
Anterior Cruciate Ligament Reconstruction: Systematic Review
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Functional tests have been widely used for evaluating the ability to determine return to sports after anterior cruciate
ligament (ACL) reconstruction. To object of this study is to review the current literatures which use functional tests
to determine return to sports after ACL reconstruction. A literature search was conducted using the PubMed
database. The inclusion criteria were articles published from 2015 to 2019, the English language, original clinical
trials, all levels of evidence, primary ACL reconstruction, skeletal maturity, and > 1 functional test used to allow
release to sports activities. The exclusion criteria were revision ACL reconstructions or dislocated knees; major
concomitant procedures such as high tibial osteotomy, meniscus allograft, other knee ligament reconstructions,
immature patients. Twenty-three studies with 5,282 patients were included for this review. Total 47 kinds of tests
for determining return to play were used at an average of 8.4 months. Single leg hop test was the most commonly
used functional test, which was used in 16 studies, followed by triple hop and cross-over hop tests. Average limb
symmetric index of the single leg hop test was 92.5%. Among the muscle strength tests, 60 deg/sec isokinetic
knee extension test is the most common, which was used in eight studies, followed by 180 deg/sec isokinetic knee
extension test, isometric knee extension test, 60 deg/sec isometric knee flexion test. Ten kinds of functional tests
with motion analysis were performed in three studies. Single leg hop test was the most commonly reported functional
test for determining return to play following ACL reconstruction and muscle strength test and motion analysis were
also used as functional tests.
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Table 1. Summary of the characteristics of included studies

No. Study Design é\f}i\clj?alngé For!]%vr\:t—hup Standard name of tests (LO/El)
1 Werner et al. Case—-control I 30 12 Single leg hop 97.6
(2018)® study Cross—over hop 95.4
6-m timed hop 94.8
Isokinetic knee extension 60° 90.2
Isokinetic knee extension 60° eccentric 86.4
Isokinetic knee extension 180° 83.6
Isokinetic knee extension 180° eccentric  79.8
Isokinetic knee flexion 60° 79.0
Isokinetic knee flexion 60° eccentric 80.8
Isokinetic knee flexion 180° 88.4
Isokinetic knee flexion 180° eccentric 87.4
2 Novaretti et al. Retrospective I 58 12 Isokinetic knee extension 60° 71.6
(2018)° cohort study Isokinetic knee flexion 60° 90.5
Isokinetic H/Q ratio 132.9
Postural stability analysis -
Drop vertical jump 72.0
3 Nawasreh et al. Prospective Il 95 6 Isometric knee extension 97.6
(2018)"° longitudinal Single leg hop 94.5
cohort study Cross—over hop 95.9
Triple hop 95.0
6-m timed hop 96.2
4  Ebert et al. Case series 1\ 111 12 Isokinetic knee extension 90° 79.8
(2018)" Isokinetic knee flexion 90° 91.4
Single leg hop 86.2
6-m timed hop 86.4
Triple hop 86.8
Cross—over hop 86.3
5 Burland et al. Retrospective I 50 6 Isometric knee extension 85.5
(2018)" cross Isometric knee flexion 79.4
sectional Isokinetic knee extension 60° 85.4
study Isokinetic knee extension 180° 86.0
Isokinetic knee extension 300° 87.2
Isokinetic knee flexion 60° 91.0
Isokinetic knee flexion 180° 94.2
Isokinetic knee flexion 300° 96.6
6 Wellsandt et al. Prospective Il 70 6 Isometric knee extension -
(2017)" cohort Single leg hop -
Cross—over hop -
Triple hop -
6-m timed hop -
7 Webster and Retrospective I 3,452 14 Single leg hop 94.0
Feller (2017)" cohort study Cross—over hop 96.0
8 Sousa et al. Retrospective I 223 6 Isokinetic knee extension 60° -
(2017)" cohort Isokinetic knee extension 180° -

Isokinetic knee flexion 60°
Isokinetic knee flexion 180°
Vertical jump

Single leg hop

Triple hop
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Table 1. Continued

No. Study Design é\f}i\clj?alngé For!]%vr\:t—hup Standard name of tests (LO/El)
9 Hamrin Senorski Prospective Il 157 10 [sotonic knee extension 90.8
(2017)'® observational Isotonic knee flexion 96.8
registry Vertical jump 88.8
Single leg hop 96.4
Side hop
10  Gokeler et al. Prospective Il 28 6.5 Side hop 87.1
(KSSTA) (2017)'"  cohort Single leg hop -
Triple hop -
Isokinetic knee extension 60° 86.0
Isokinetic knee extension 180° -
Isokinetic knee extension 300° -
11 Gokeler et al. Case control Il 52 7 Single leg hop 95.7
(OTSR) (2017)'"®  study Cross—over hop 96.5
Side hop 93.8
12 Faltstrom et al. Cross— I 154 14.5 Star excursion balance test 99.5
(2017)" sectional Single leg hop 99.8
study 5-jump test -
Drop vertical jump -
Tuck jump -
Side hop 97.2
13  Zwolski et al. Cross I 45 10 Single leg hop 92.5
(2016)* sectional Triple hop 93.3
Cross—over hop 93.1
Isometric knee extension 81.5
14 Kyritsis et al. Retrospective I 158 7.8 Isokinetic knee extension 60° 91.3
(2016)' cohort study Isokinetic knee extension 60° 91.3
Isokinetic knee extension 180° 89.6
Isokinetic knee extension 300° 92.0
Running t test -
Single leg hop 98.0
Triple hop 98.5
Cross—over hop 99.0
15 Kline et al. Prospective Il 30 3 Isometric knee extension -
(2016)% cohort Y balance test -
Single leg step down -
Knee flexion excursion -
Knee extensor moment -
16  Grindem et al. Prospective Il 100 9 Isokinetic knee extension 60° 81.9
(2016)* cohort Single leg hop 89.8
Triple hop 91.8
Triple hop 91.5
6-m timed hop 95.2
17  Schmitt et al. Prospective Il 77 8.2 Landing knee flexion 98.4
(2015)%* comparative Landing knee extension 97.3
study Landing peak knee flexion moment 74.8
Landing peak knee extension moment -
Landing peak vGRF 81.4
Landing peak loading rate 72.8
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Table 1. Continued
No. Study Design é\f}i\clj?alngé FOr:L%Vr\:t—hUD Standard name of tests (LO/El)
18 Papalia et al. Randomized | 40 6 Single leg hop -
(2015)% controlled 6-m timed hop -
trial Cross—over hop -
19  Muller et al. Prospective Il 40 6 [sometric knee flexion 74.8
(2015)% controlled Isometric knee extension 86.7
trial Isometric H/Q ratio 87.4
Single leg hop 80.7
Cross—over hop 91.9
Triple hop 88.5
Square hop 86.7
20 Mayer et al. Retrospective 1 98 9 Functional movement screen (deep -
(2015)%" cohort squat, hurdle step, in line lunge,
shoulder mobility, active straight leg
raise, trunk stability push up, rotatory
stability)
Y balance test 97.8
21  Lepley and Cross— I 52 7.4 Single leg hop 84.2
Palmieri-Smith sectional Isokinetic knee extension 60° 73.6
(2015)%®
22 lthurburn et al. Controlled 1 93 8.2 Landing flexion excursion 90.0
(2015)% laboratory Landing peak trunk flexion angle 119.0
Landing peak knee extension moment  85.0
23 Herbst et al. Prospective Il 69 6 One- and two-legged stability tests -
(2015)%° cohort Counter movement jumps height, power -

Speedy jumps -
Plyometric jumps -
Quick feed test -

LSI: Limb symmetric index, H/Q: hamstring to quadriceps, KSSTA: Knee Surgery, Sports Traumatology, Arthroscopy, OTSR:
Orthopaedics & Traumatology: Surgery & Research, vGRF: vertical ground reaction force.
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Table 2. Summary of functional tests

Standard name of tests N Follow—up month LS| average (%)
Vertical jump (8,9) 380 8 88.8
Single leg hop (1,3,4,6-14,16,18,19,21) 4,807 8.8 92.5
Side hop (9,10,11,12) 391 9.5 92.8
Triple hop (3,4,6,8,10,13,14,16,19) 970 7.8 92.2
Cross—over hop (1,3,4,6,7,11,13,14,18,19) 4,093 8.7 94.3
6-m timed hop (1,3,4,6,16,18) 446 8.5 93.1
Square hop (19) 40 6 86.7
Running t test (14) 158 7.8 -
Y balance test (15,20) 128 6 97.8
Single leg step down (15) 30 3 -
One- and two-legged stability tests (23) 69 6 -
Counter movement jumps height, power speedy jumps, 69 6 -
plyometric jumps, quick feed test (23)
Star excursion balance test (12) 154 14.5 99.5
5-Jump test (12) 154 14.5 -
Drop vertical jump (2,12) 212 13.3 -
Tuck jump (12) 154 14.5 -
Postural stability analysis (2) 58 12 -

The numbers in the parenthesis are numbers of order of the studies listed in Table 1.

LSI: limb symmetric index.

y
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Fig. 2. Various hop tests for functional evaluation after anterior cruciate ligament reconstruction. (A) Single leg hop test.
(B) Triple hop test. (C) Cross—over hop test. (D) 6-m timed hop test. (E) Square hop test.
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Table 3. Subgroup analysis: comparison between pass
group vs. fail group

LSl (%)
Standard name of tests

Pass  Fall
Vertical jump (9) 90.5 85.8
Single leg hop (1,3,7,9,19) 946 87.3
Side hop (9) 100.0 93.8
Triple hop (3,19) 92.8 825
Cross—over hop (1,3,7,19) 96.0 89.8
6-m timed hop (1,3) 97.8 929
Square hop (19) 87.5 83.8
Drop vertical jump (2) 71.9 7241
Isometric knee extension (3,5,19) 96.0 857
Isokinetic knee extension 60 (1,2,5) 80.9 775
Isokinetic knee extension 180 (1,5) 87.5 78.2
Isokinetic knee extension 300 (5) 92.7  69.3
Isometric knee flexion (5,19) 76.3 71.2
Isometric H/Q ratio (19) 86.5 91.1
Isometric knee extension (3,5,19) 93.4 68.6
Isokinetic knee flexion 60 (1,2,5) 87.0 857
Isokinetic knee flexion 180 (1,5) 90.8  90.9
Isokinetic knee flexion 300 (5) 98.3 91.2

Isokinetic knee extension 60 eccentric (1) 88.0  84.0
Isokinetic knee extension 180 eccentric (1) 75.0  87.0
Isokinetic knee flexion 60 eccentric (1) 82.0  79.0
Isokinetic knee flexion 180 eccentric (1) 85.0 91.0
Isokinetic H/Q ratio (2) 127.8 139.2

The numbers in the parenthesis are numbers of order of
the studies listed in Table 1.
LSI: limb symmetric index, H/Q: hamstring to quadriceps.
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Table 4. Summary of muscle strength tests

Standard name of tests No Follow—up month LS| average(%)
Isotonic knee extension (9) 157 10.0 90.8
Isotonic knee flexion (9) 157 10.0 96.8
Isometric knee extension (3,5,6,13,15,19) 330 6.2 87.8
Isometric knee flexion (5,19) 90 6.0 77.1
Isometric H/Q ratio (19) 40 6.0 87.4
Isokinetic knee extension 60 (1,2,5,8,10,14,16,21) 699 8.3 82.9
Isokinetic knee extension 60 eccentric (1) 30 12.0 86.4
Isokinetic knee extension 90 (4) 111 12.0 79.8
Isokinetic knee extension 180 (1,5,8,10,14) 489 7.7 86.4
Isokinetic knee extension 180 eccentric (1) 30 12.0 79.8
Isokinetic knee extension 300 (5,10,14) 236 6.8 89.6
Isokinetic knee flexion 60 (1,2,5,8) 361 9.0 86.8
Isokinetic knee flexion 60 eccentric (1) 30 12.0 80.8
Isokinetic knee flexion 90 (4) 111 12.0 91.4
Isokinetic knee flexion 180 (1,5,8) 303 8.0 91.3
Isokinetic knee flexion 180 eccentric (1) 30 12.0 87.4
Isokinetic knee flexion 300 (5) 50 6.0 96.6
Isokinetic H/Q ratio (2) 58 12.0 132.9

The numbers in the parenthesis are numbers of order of the studies listed in Table 1.

LSI: limb symmetric index, H/Q: hamstring to quadriceps.

Table 5. Functional tests with motion analysis methods

Standard name of tests No Follow—up month LSI| average (%)

Landing knee flexion (17) 77 8.2 98.4
Landing knee extension (17) 77 8.2 97.3
Landing peak knee flexion moment (17) 77 8.2 74.8
Landing peak knee extension moment (17,22) 170 8.2 85.0
Landing peak VGRF (17) 77 8.2 81.4
Landing peak loading rate (17) 77 8.2 72.8
Landing flexion exrcursion (22) 93 8.2 90.0
Landing peak trunk flexion angle (22) 93 8.2 119.0
Knee flexion excursion (15) 30 3.0 -

Knee extensor moment (15) 30 3.0 -

The numbers in the parenthesis are numbers of order of the studies listed in Table 1.
LSI: limb symmetric index, vGRF: vertical ground reaction force.
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