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Supplement 1: Search Strategy

Table 1.1: MEDLINE Search

Search Term Search Detail - Medline Example
Element 1 - Anterior Cruciate Ligament
anterior cruciate ligament.mp OR exp *Anterior Cruciate
anterior cruciate Ligament/ OR *Anterior Cruciate Ligament Reconstruction/
1 ligament OR *Anteiror Cruciate Ligament Injuries/
2 ACL ACL.mp
Combine all with OR

Element 2 - Strength
2 muscle strength.mp OR Muscle Strength/
3 knee adj2 strength.mp
4 Strength quad* strength.mp
5 hamstring strength.mp
6 flex* adj2 strength OR ext* adj2 strength
7 hip adj2 strength
8 calf adj2 strength
9 Torque Torque/ or torque.mp
10 Isokinetic isokinetic.mp
11 Dynamometry dynamomet*.mp

quadriceps muscle.mp or Quadriceps

12 Quadriceps Muscle/
13 Hamstring hamstring muscle.mp or Hamstring Muscles/
14 Combine all with OR

Element 3 - Function
16 Hop hop.mp
17 Jump jump.mp
18 function* adj2 test.mp
19 Functional test function* adj2 scores
20 function* adj2 outcome*
21 function* adj2 measure*
22 Combine all with OR

Final Search

24 Combine - Element 1 AND (Element 2 OR 3)

25

limit to humans




Table 1.2: EMBASE Search

Search Term EMBASE
Element 1 - Anterior Cruciate Ligament
anterior cruciate ligament.mp OR exp *Anterior Cruciate
Ligament/ OR *Anterior Cruciate Ligament Reconstruction/
anterior cruciate OR *Anteiror Cruciate Ligament Injuries/ OR Anterior
1 ligament Cruciate Ligament Rupture
2 ACL ACL.mp
Combine all with OR

Element 2 - Strength
2 muscle strength.mp OR Muscle Strength/
3 knee adj2 strength.mp
4 Strength quad* strength.mp
5 hamstring strength.mp
6 flex* adj2 strength OR ext* adj2 strength
7 hip adj2 strength
8 calf adj2 strength
9 Torque Torque/ or torque.mp
10 Isokinetic isokinetic.mp
11 Dynamometry dynamomet*.mp
12 Quadriceps quadriceps muscle.mp or Quadriceps Femoris Muscle/
13 Hamstring hamstring muscle.mp or Hamstring Muscles/
14 Combine all with OR

Element 3 - Function
16 Hop hop.mp
17 Jump jump.mp
18 function* adj2 test.mp
19 Functional test function* adj2 score*
20 function* adj2 outcome*
21 function* adj2 measure*
22 Combine all with OR

Final Search

24 Combine - Element 1 AND (Element 2 OR 3)
25 limit to humans




Table 1.3: CINAHL Search

Search Term CINAHL
Element 1 - Anterior Cruciate Ligament
(MH "Anterior Cruciate Ligament") OR "anterior cruciate
anterior cruciate ligament" OR (MH "Anterior Cruciate Ligament
1 ligament Reconstruction")
2 ACL ACL
Combine all with OR
Element 2 - Strength
(MH "Muscle Strength") OR "muscle
2 strength"
3 knee N2 strength
Strength quad*
4 strength
hamstring strength
6 flex* N2 strength OR extens* N2 strength
hip N2
7 strength
8 calf N2 strength
9 Torque MH ("Torque") or torque
10 Isokinetic isokinetic
11 Dynamometry dyn#fmomet*
12 Quadriceps quadriceps muscle
13 Hamstring hamstring muscle
14 Combine all with OR
Element 3 - Function
16 Hop hop
17 Jump jump
18 function* N2 test
19 . function* N2 scores
Functional test
20 function* N2 outcome*
21 function* N2 measure*
22 Combine all with OR
Final Search
24 Combine - Element 1 AND (Element 2 OR 3)




Table 1.4: Scopus Search

Search Term Scopus
Element 1 - Anterior Cruciate Ligament
anterior cruciate

1 ligament "anterior cruciate ligament"
2 ACL ACL

Combine all with OR

Element 2 - Strength
2 "muscle strength"
3 knee W/2 strength
4 Strength "quad* strength"
5 "hamstring strength"
6 flex* W/2 strength OR ext* W/2 strength
7 hip adj2 strength
8 calf adj2 strength
9 Torque torque
10 Isokinetic isokinetic
11 Dynamometry dyn?mometry
12 Quadriceps "quadriceps muscle"
13 Hamstring "hamstring muscle"
14 Combine all with OR

Element 3 - Function
16 Hop hop
17 Jump jump
18 function* W/2 test
19 Functional test function* W/2 scores
20 function* W/2 outcome*
21 function* W/2 measure*
22 Combine all with OR

Final Search

24 Combine - Element 1 AND (Element 2 OR 3)




Table 1.5: Cochrane CENTRAL Search

Search Term CENTRAL

Element 1 - Anterior Cruciate Ligament

anterior cruciate
ligament MeSH [Anterior Cruciate Ligament]

ACL ACL

Combine all with OR

Element 2 - Strength

2 MeSH [Muscle Strength]
3 knee NEAR/2 strength
4 Strength "quad* strength"
5 "hamstring strength"

flex* NEAR/2 strength OR ext* NEAR/2
6 strength
7 hip NEAR/2 strength
8 calf NEAR/2 strength
9 Torque torque
10 Isokinetic isokinetic
11 Dynamometry dyn?mometry
12 Quadriceps "quadriceps muscle"
13 Hamstring "hamstring muscle"
14 Combine all with OR

Element 3 - Function
16 Hop hop
17 Jump jump
18 function* NEAR/2 test
19 Functional test function* NEAR/2 scores
20 function* NEAR/2 outcome*
21 function* NEAR/2 measure*
22 Combine all with OR

Final Search

24 Combine - Element 1 AND (Element 2 OR 3)

Trials Only (not Cochrane Reviews)



Table 1.6: SPORTDiscus Search

Search Term SPORTDiscus
Element 1 - Anterior Cruciate Ligament
anterior cruciate
ligament "anterior cruciate ligament"
ACL ACL
Combine all with OR
Element 2 - Strength
2 "muscle strength"
3 knee W/2 strength
4 Strength "quad* strength"
5 "hamstring strength"
6 flex* W/2 strength OR ext* W/2 strength
7 hip W/2 strength
8 calf W/2 strength
9 Torque torque
10 Isokinetic isokinetic
11 Dynamometry dyn?mometry
12 Quadriceps "quadriceps muscle"
13 Hamstring "hamstring muscle"
14 Combine all with OR
Element 3 - Function
16 Hop hop
17 Jump jump
18 function* W/2 test
19 Functional test function* W/2 scores
20 function* W/2 outcome*
21 function* W/2 measure*
22 Combine all with OR
Final Search
24 Combine - Element 1 AND (Element 2 OR 3)




Supplement 2: Risk of Bias Assessment

Table 2.1: Risk of Bias Assessment

Criteria for assessment of risk of bias domains, as outlined by Cochrane Collaboration. Criteria were pre-registered on

PROSPERO.
Low High Unclear N/A
Random If randomisation method Trials that use insufficient NA for observational
Sequence follows Cochrane pseudorandomisation information is studies
Generation recommendations (adequate (e.g. date of birth or available in the
methods computer-generated | clinical record number). | methods to make
methods, use of random All non-randomised judgement from.
number tables, drawing of studies.
lots).
Allocation If the investigators responsible | Studies with NA for observational

concealment

for patient selection are unable
to suspect the allocation (e.g.
central randomisation;
sequential, numbered sealed
opaque envelopes).

inadequate allocation

concealment. All non-

randomised studies.

studies

Blinding of
patients

If participants were unaware of
their assigned intervention —
e.g. if a trial was placebo
controlled, a sham intervention
was used, a double dummy
technique was used, or if
interventions described as
indistinguishable.

No blinding of patients

Insufficient
information provided
to make judgement

NA for observational
studies




Blinding of If blinding of therapists No mention of blinding NA for observational
therapist explicitly mentioned in text. of therapists or no studies
information provided

Blinding of If the assessor was unaware If assessors are not Where studies don't
assessor of group allocation or blinded | blinded, or no provide information
(outcome to leg status in nonrandomised | information is provided | on assessor blinding,
assessor) studies (i.e. which leg suffered | and inadequate BUT there was

ACL injury) allocation concealment | adequate allocation
(For primary is reported. concealment

outcomes of
strength and
or function)

Outcome if they reference a reliable and | No reliable method is If they lack these
measurement | reproducible method, along referenced and specific protocol
with sufficient information inadequate details but reference
provided around protocol methodological detail is | a reliable method
(such as instructions given, provided to reproduce
duration of contractions and the assessment
rest periods between
assessments).
Selection For case-control studies or If groups are recruited | Unclear risk of bias Not applicable for

studies with multiple groups
we will score low risk of bias if
- cases and controls are

taken from comparable
populations (similar
demographic
characteristics and
same exclusion criteria
applied, e.g. in studies
with healthy controls
the only difference

from different
populations and/or with
differing exclusion
criteria beyond their
knee injury status. If
the groups are not
representative of the
entire population of
interest.

will be scored where
insufficient
information is
provided around the
selection or source of
participants

randomised studies.
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being their ACL injury
status.

- Groups are
representative of the
entire population of
interest

Attrition If >80% retained in the study >20% dropout and or Details of drop outs Not applicable for
and comparable loss between | unbalanced drop-out not provided single timepoint
groups rate across groups. studies (cross-

sectional).

Analysis All participants need to be If studies inexplicably

included in analyses (e.g.
according to intention to treat
principles). Measures of
uncertainty are provided for all
outcomes of interest.

exclude participants
from analysis or
measures of
uncertainty (e.g.
confidence intervals)
are not provided.

Confounders are not
controlled or discussed
in analysis of non-
randomised studies,
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Supplement 3 - Formulae used in data analysis
1) Approximation of ratio of means (RoM) from limb symmetry index (LSI).

The limb symmetry index is effectively a mean of ratios (MoR) Calculation of
variance uses the delta method (Friedrich et al 2008; Lajeunesse et al 2011):

RoM = log (mean;g;)

2
SDLSI
2
n X mean;g;

Varianceg,y =

Figure 4.1:
- : Demonstration of
K ’ agreement between LS|
{ conversion and RoM,
s using 318 data points
08 ' o from this review where a
o study reported data for
d each limb (allowing

RoM calculation) as well
o¢ / as an LSI.

onverted from LSI

06 08 1
vicalculated from limb data

2) Conversion of range to standard deviation (from Wan et al, 2014)

b—a

n — 0.375
207 x (7x025)

S =

Where b = range upper limit, a = range lower limit, n = sample size and ¢! is
the upper zth percentile of the standard normal distribution (computer with
“‘gnorm” function in R)

3) Combining means of k groups (weighted average)

k -
i=1 M " X

Xcombined = k
i=1 "

Combining SDs of k groups

SD _ ?:1(77'1' - 1) : SD? + Zi'(=1ni ’ ()?l - Xcombined)2
combined — K (TL~ — 1)
i=1 14

12



Supplement 4 — Included Study Summary

Table 4.1 — Summary of included studies (n = 136).

= —_ RS
£ g 52 Body £2% Upper limb Landing
= S S Age, mass . = = lacement | requirements
Study s €5 E yegrs index, Graft type Hop tests Hop units § § § guring hop dclljring hop
@ 5% kg/m? E D= tests tests
o = ®
<
Median
25 Range Single forward hop | LSI
Ahlden 2013 103 (33) 18-52 ns HS Square hop LSl 2.2 Free Stable 3s
Single forward hop | cm/height
Lateral hop cm/height
Aizawa 2022 54 (33) 20 (4.3) 21.9(3) mixed Medial hop cm/height | 0.5 ns ns
23.51
Akelman 2016 | 90 (48) 60 (26) (2.46) ns mixed Single forward hop | LSI 57 ns ns
28.5
Akoto 2019 82 (18) (9.95) ns QT + HS - ST | Single forward hop | LSI 1.2 ns ns
503
Ardern 2011 (163) 27.2(84) | ns HS Single forward hop | LSI 4.4 ns ns
Single forward hop
Triple crossover
hop LSI
Triple hop LSI
21.15 26.03 6m timed forward LSI
Arhos 2020a 79 (39) (7.6) (3.31) mixed hop LSl 1,2 ns ns
Single forward hop
Triple crossover
hop LSI
Triple hop LSI
Arundale 23.51 6m timed forward LSI
2017# 39 (0) (7.6) ns mixed hop LSl 1,2 ns ns
33.98 BPTB + HS -
Barenius 2010 | 153 (64) (6.96) ns ST Single forward hop | LSI 8.4 ns ns
Barie 2018 69 (27) 27 ns QTPB Triple hop cm 0.6 ns ns
19.38 24.68 Bridge Single forward hop | LSI 0.5,1,
Barnett 2020 65 (37) (5.09) (3.81) Enhanced Triple hop LSl 2 On hips ns
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ACL Repair 6m timed forward LSI
(BEAR) hop LSI
Triple crossover
hop
32.72 24.3 0.4,
Bartels 2016 50 (14) (10) (2.66) HS Vertical hop cm 0.5 Free ns
Baumgart
2017 50 (16) 29.2(8.5) | 26.7 (4.6) | BPTB Vertical hop cm 2.6 ns ns
Vertical hop LSI
237 Single forward hop | LSI
Beischer 2019 | (139) ns ns mixed Side hop LSl 0.3 ns Stick landing
18.97 Single forward hop | LSI
Bell 2016 55 (48) 73 (60) (1.66) ns mixed Triple hop LSI 2.5 ns ns
Single forward hop
Triple hop LSI
Side hop LSI
Triple crossover LSl 0.5,
Blakeney 2018 | 371 (84) | 39 (10) 28 (9.9) 24 (3.3) not stated hop LSl 0.7 ns Stick landing
Single forward hop
Triple hop
Triple crossover cm/height
hop cm/height
22.87 6m timed forward cm/height
Bodkin 2017 51 (36) (4.56) ns mixed hop secs 4.5 ns ns
Maintain
balance on
Boo 2020 272 (48) 26.23 24.54 mixed Single forward hop | cm 04 ns landing
Bookbinder 19.7
2020 27 (20) 25 (16) (2.18) ns mixed Single forward hop | cm/cm 2.2 ns Fixed position
Regain
28.35 PT + HS - m/height in balance on
Bryant 2011 39 (13) 33 (11) (8.29) ns ST/G Single forward hop | m 1.9 ns landing
Button 2014* 21 (5) 21(9) 29.1(9) ns HS Single forward hop | cm/height | 1.4 On hips ns
22.83
Byrne 2021 313 (0) (5.25) ns BPTB Vertical hop LSl 0.8 ns ns
Single forward hop
Triple crossover
hop LSI
Triple hop LSI
18.95 25.01 6m timed forward LSI
Capin 2019# 39 (39) (7.31) (3.57) mixed hop LSl 1,2 On hips ns
Maintain
24.16 balance on
Carolan 2020 | 298 (0) (4.6) ns mixed Vertical hop cm 0.8 ns landing
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21.95 Single forward hop | m/m
Casp 2021 144 (87) | 140 (82) (9.28) ns mixed Triple hop m/m 0.5 ns Stable 2s
Chantrelle 26.38 0.3,
2023 330 (95) (7.07) ns HS Single forward hop | LSI 0.6 ns Stable 1s
cm/leg
Chen 2017 50 (0) 57 (0) 28 (6) ns mixed Single forward hop | length 3 ns ns
0.2,
0.5, 1,
Chung 2015a | 75 (11) 75 (11) 27.9(8.6) | 24.7(2.7) | HS Single forward hop | cm 2 ns ns
Single forward hop
Triple hop LSI
37.62 24 .46 Triple crossover LSI
Coquard 2022 | 222 (97) (9.46) (3.5) HS hop LSI 0.3 ns Stable
4093
Cristiani 2019 | (1870) ns ns mixed Single forward hop | LSI 0.5 ns Stable
0.3,
0.5, Without
28.65 0.7, 1, | Behind subsequent
Cristiani 2020 | 160 (45) (6.1) ns BPTB + HS Single forward hop | LSI 2 back hops
Median
Culvenor 28 1QR
2016b 97 (31) 48 (28) 23-35 25.8(3.9) | HS Single forward hop | LSI 11 ns Stable 2s
Single forward hop
Triple hop LSI
Triple crossover LSI No
20.19 hop LSI touchdown of
Curran 2020 82 (45) (6.59) ns mixed Vertical hop LSI 1.3 ns other limb
Dempsey
2019 60 (31) 224(9.2) | ns mixed Single forward hop | cm/cm 0.5 ns ns
24.2 Single forward hop | LSI
Devitt 2022 122 (43) (6.38) ns mixed Triple hop LSI 1 ns ns
Controlled
Duckett 2021 77 (37) 76 (42) 21.9(7.8) | ns mixed Single forward hop | cm/height | 0.5 ns landing
Single forward hop
6m timed forward
hop m
Triple hop secs
Triple crossover m
Ebert 2018 111 (38) 27.3(9.1) | 25.5(3.6) | HS hop m 1 ns ns
Single forward hop | cm
6m timed forward secs
hop cm
Ebert 2019 50 (18) 26.3(9.6) | 24.8 (4) LARS + HS Triple hop cm 1,2 ns ns
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Triple crossover
hop

Single forward hop
6m timed forward

hop LSI
Triple hop LSI
Triple crossover LSI
hop LSI
Lateral hop LSI
Medial hop LSI
Ebert 2021a 50 (16) 28.3(9.1) | 246(2.8) | HS Vertical hop LSl 0.8 ns ns
Single forward hop
6m timed forward
hop LSI
Triple hop LSI
30.95 26.1 HS + LARS + | Triple crossover LSI
Ebert 2022a 136 (47) (9.94) (3.09) HS hop LSl 7.8 ns Stable
Single forward hop
6m timed forward
hop LSI
Triple hop LSI
25.88 Triple crossover LSI
Edwards 2018 | 113 (38) (8.14) ns HS hop LSl 1 ns ns
Behind
Engelen- Vertical hop cm back for
VanMelick 36.08 24.47 BPTB + HS - | Single forward hop | cm single
2017 97 (46) 44 (22) (9.9) (3.62) ST/G Side hop reps 4.5 forward hop | ns
Single forward hop | cm
Ericsson Square hop reps
2013* 45 (ns) ns ns mixed Vertical hop cm 3.1 ns ns
Single forward hop | LSI
Eriksson 2001 | 164 (ns) ns ns BPTB + HS Triple hop LSI 2.8 ns ns
Single forward hop | cm
Falstrom 2017 | 77 (77) 77 (17) 18.4 (2.3) | 22.8 (2.7) | mixed Side hop reps 1.5 ns ns
Faltstrom 117 Single forward hop | cm
2021 (117) 119 (119) | 20 (2) ns mixed Side hop reps 1.6 ns Stable
25.05 23.62
Felix 2022 34 (7) 40 (7) (6.82) (2.72) not stated Single forward hop | LSI 1 ns ns
22.35 22.61
Fischer 2017 169 (60) (8.06) (2.06) not stated Vertical hop cm 0.5 ns ns
23.51
Fleming 2013 | 90 (48) 60 (26) (2.46) ns mixed Single forward hop | LSI 1,3 ns ns
Flosadottir 26.37 23.93
2018 69 (18) (5.19) (2.94) mixed Single forward hop | LSI 5 ns ns
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Triple hop m
Gauthier 2022 | 303 (91) 27 (8) 24.3 (4.2) | mixed Side hop reps 0.7 ns ns
31.28 Synthetic
Ghalayani Range Leeds Keio + 0.5, 1,
2010 50 (10) 29-34.5 ns PT Single forward hop | LSI 2,5 ns ns
Single forward hop | cm
23.38 Triple hop cm
Gokeler 2017a | 52 (14) 172 (85) (3.69) ns mixed + HS Side hop reps 0.6 ns ns
Guney-Deniz 26.97 24.23
2020 67 (13) 20 (ns) (4.4) (1.32) HS + TA + QT | Single forward hop | cm 11 ns ns
BPTB + HS +
Gupta 2018 249 (22) Median ns HS Single forward hop | LSI 5.2 ns ns
Vertical hop cm/kg
Hamrin 22.35 Single forward hop | cm/kg Controlled
Senorski 2017 | 157 (77) (4.09) ns not stated Side hop reps/kg 0.8 ns landing
Arms free
for vertical
Harput 2018 72 (0) 28 (7.6) 242 (4.2) | HS Single forward hop | cm 0.5 hop ns
% leg
28.55 24.87 Single forward hop | length
Harput 2020a | 91 (0) (6.92) (3.48) HS Vertical hop cm 0.5 ns ns
0.6,
29.5 24.25 0.8, 1,
Heijne 2010 68 (32) (8.02) (2.64) BPTB + HS Single forward hop | LSI 2 ns ns
29.5 24.25
Heijne 2015 68 (32) (8.02) (2.64) BPTB + HS Single forward hop | LSI 5.1 ns ns
33.15 27.11 HS - ST/G +
Hu 2020 84 (41) (5.18) (5.01) HS - ST Single forward hop | LSI 3.2 ns ns
21.88 24 .47
Jang 2014 67 (0) (3.86) (2.66) HS Single forward hop | cm 2.8 ns ns
Single forward hop
Triple crossover m
Johnston 2022 | 105 (23) 20 (8.64) | ns QT + HS hop m 05,1 | ns ns
29.03 25.19 Square hop reps
Karikis 2016 103 (33) (8.88) (3.08) HS Single forward hop | LSI 5.3 ns ns
28.38 HS + HS
Kim 2011 73 (0) (8.53) ns Allograft Single forward hop | cm 2.7 ns ns
Kim 2015a 80 (0) ns ns not stated Single forward hop | LSI 0.2 ns ns
30.59
Kim 2019 185 (32) (10.47) ns BPTB Single forward hop | LSI 2 On hips ns
King 2018 156 (0) 24.8(4.8) | ns mixed Single forward hop | cm 0.7 On hips ns
21.61 Vertical hop cm
King 2021 115 (0) (4.09) ns mixed Single forward hop | cm 0.8 ns ns
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cm/leg

length
Single forward hop | sec/leg
6m timed forward length
hop cm/leg
22.8 Triple hop length
Range Triple crossover cm/leg
Kline 2018 20 (11) 45 (22) 15-45 ns mixed hop length 0.7 ns ns
BPTB + HS -
Konrads 2016 | 62 (17) 29.8 ns ST Single forward hop | cm 10 ns ns
23.9 Single forward hop | LSI 0.2, Behind
Koutras 2013 51 (0) (5.67) ns HS Triple hop LSI 0.5 back ns
32.56 25.19
Kovalak 2018* | 43 (0) (4.89) (3.22) HS Single forward hop | cm 8.2 ns ns
26.95 24.7
Krishna 2020 56 (13) (7.26) (3.78) HS Single forward hop | LSI 2 ns ns
Vertical hop LSI
196 20.69 Single forward hop | LSI Behind
Krych 2015 (100) (6.68) ns BPTB Triple hop LSl 0.5 back ns
KyoungHo 30.67 25.05 Without losing
2017 73 (0) (9.81) (3.15) mixed Single forward hop | LSI 05,1 | ns balance
Single forward hop
Triple hop LSI
21.16 Triple crossover LSI
Kyritsis 2016 158 (0) (4.18) ns mixed hop LSl 0.7 ns ns
29.35 HS - ST + HS
Kyung 2015 144 (0) (11.4) ns - ST/IG Single forward hop | cm 2.2 ns ns
Laudner 2015 | 26 (11) 26 (11) 18.7(3.5) | ns BPTB Vertical hop cm 0.6 ns ns
Vertical hop cm
Lee 2018a 75 (ns) 275(09.2) | ns HS Single forward hop | cm 34 ns ns
30.33 24.52
Lee 2018b 92 (7) (9.45) (3.19) HS Single forward hop | cm 3.2 ns ns
HS - ST/G
27.15 Single + HS -
Lee 2019 120 (8) (6.93) ns ST/G Dual Single forward hop | cm 3.1 ns ns
HS - Single Vertical hop LSI
Lee 2020 54 (11) 25.9(9.4) | 23.6 (3.7) | bundle Single forward hop | LSI 2 ns ns
Single forward hop
6m timed forward
hop LSI
Triple crossover LSI
34.67 24.57 ACL repair + hop LSI
Leister 2019 46 (26) 42 (22) (11.03) (3.09) HS Side hop LSl 1.1 ns ns
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2514

Lui 2012 52 (0) (4.6) ns mixed Single forward hop | cm 1 ns ns
Vertical hop cm/height
344 26.09 Single forward hop | cm/height Behind
Marigi 2022 (157) (10.71) ns mixed Triple hop cm/height | 0.5 back Stick landing
Markstrom Single forward hop | m
2023 47 (29) 46 (40) 246 (4.7) | 23.7(2.5) | HS Vertical hop m 1.1 ns ns
combined Single 0.2,
forward hop 0.3,
6m timed forward LSl 04,
McGrath 2017 | 64 (20) 32 (16) 27.9 24.9 mixed hop LSl 0.5 ns ns
Single forward hop
Triple crossover
hop cm
Triple hop cm
Meierbachtol 6m timed forward cm 0.5,
2017 71 (44) 20.2 244 not stated hop sec 0.6 ns ns
Single forward hop
Triple hop
Triple crossover LSI
hop LSI
Meierbachtol 6m timed forward LSl 0.7,
2018 58 (37) 21.2(7.8) | ns mixed hop LSl 0.8 ns ns
cm/leg
length
Single forward hop | cm/leg
Triple hop length
Triple crossover cm/leg
Menzer 2017 88 (39) 19.4(3.7) | ns mixed hop length 0.6 ns ns
330 28.5 PT +HS - QB
Mohtadi 2015 | (147) (9.77) ns + HS - DB Single forward hop | LSI 1,2 ns ns
Single forward hop
Triple hop cm
6m timed forward cm 0.5, Balanced
Moran 2022a 144 (75) 21.6(8.1) | 254 (4.4) | mixed hop secs 0.8 ns landing
Single forward hop
Triple hop LSI
284 6m timed forward LSI
Moran 2022b (157) 21.6(9.5) | 24.8 (4.6) | mixed hop LSl 0.5 ns ns
Median
23 Range Achilles
Noh 2012 71(0) 19-45) 23.7 (2.4) | allograft Single forward hop | LSI 2.6 ns ns

19



Median

24 Range | 23.05 Achilles
Noh 2013a 61 (0) 18-45 (2.14) allograft Single forward hop | LSI 2.5 ns ns
Median Maintain
23 Range | 23.7 Achilles balance on
Noh 2013b 67 (0) 19-45) (2.39) allograft Single forward hop | LSI 2.6 ns landing
Single forward hop
Triple hop
Triple crossover cm/height
hop cm/height Maintain
21.55 6m timed forward cm/height balance on
Norte 2019b 77 (35) (7.77) ns mixed hop secs/cm 0.5 ns landing
Single forward hop
Triple hop
Triple crossover cm/height
hop cm/height
6m timed forward cm/height
Norte 2020 80 (38) 80 (43) 21.7(7.8) | ns mixed hop sec/height | 0.5 On hips ns
Maintain
balance on
landing, no
touchdown of
O'Malley 2018 | 118 (0) 44 (0) 23.6(5.8) | ns BPTB Vertical hop cm 0.5 Free limb
Maintain
cm/cm balance on
Ohiji 2021 73 (31) 21 (6) 22.5(3.8) | mixed Single forward hop | height 1.1 ns landing
Palmieri-Smith 20.85
2015 66 (50) (5.99) ns PT Single forward hop | LSI 0.6 ns ns
Single forward hop
Triple crossover cm
Patterson hop cm
2020a 59 (22) 41 (14) 33 (16) 25.6 (3.6) | HS Side hop reps 1,52 | ns Stable 2s
Single forward hop
Triple hop LSI
Peebles Triple crossover LSI
2019b 25(19) 30 (18) 18.7.(3) ns mixed hop LSl 0.6 ns ns
Maintain
balance on
Vertical hop LSI landing, no
328 26.04 23.32 Mixed + Single forward hop | LSI touchdown of
Piussi 2020 (208) (9.86) (2.81) mixed Side hop LSl 1 Free limb
Pua 2017 106 (23) 26 (8) 24.2 (3.4) | mixed Single forward hop | cm 0.5 ns ns
Single forward hop | LSI
Raoul 2018 182 (50) 28.7 (8.6) | 23.5(3.3) | mixed Triple hop LSl 0.5 ns ns
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Triple crossover

LSl

hop LSI
6m timed forward
hop
Single forward hop
Triple hop Maintain
Triple crossover LSI balance on
hop LSI landing, no
6m timed forward LSI touchdown of
Raoul 2019 234 (61) 28.4 (8.6) | 23.6 (3.3) | mixed hop LSl 0.5 ns limb
Single forward hop
Triple hop
Triple crossover LSI
Median Median hop LSI
20 IQR 23 1QR 6m timed forward LSl
Reinke 2011 69 (41) 18-20 22-27 not stated hop LSI 2.9 ns ns
28.05 23.9
Runer 2022 90 (32) (12.02) (2.79) QT + HS Single forward hop | LSI 6.6 ns ns
Single forward hop
Triple crossover Maintain
hop LSI balance on
Triple hop LSI landing, no
Salatkaite 23.81 23.85 6m timed forward LSI Behind touchdown of
2021 81 (30) (6.87) (2.96) not stated hop LSl 0.7 back limb
Median
211QR 0.3,
SanJose 2023 | 89 (38) 18-25 ns HS Single forward hop | LSI 0.8 ns ns
29.56 Controlled
Siney 2010 80 (25) (7.48) ns mixed Single forward hop | LSI 0.5 Free landing
Sipka 2019 65 (21) 28.5(8.1) | ns not stated Single forward hop | cm 0.5 ns ns
Median
26 Range
Stener 2010 64 (17) 16-38 ns HS - ST Single forward hop | LSI 8 ns ns
31.81 25.73
Stropnik 2020 | 60 (19) (11.63) (3.78) HS Single forward hop | LSI 05,1 | ns ns
Vertical hop cm
28.24 Single forward hop | cm 0.5, 1,
Thomee 2012 | 82 (26) (8.14) ns mixed Side hop reps 2 ns Stable 2s
Thompson 299 Single forward hop | LSI
2022 (153) ns ns mixed Triple hop LSl 0.6 ns ns
28
Tourville 2014 | 38 (20) 32 (18) (11.84) 25 (3.76) | mixed Single forward hop | LSI 3.8 ns ns
36.58 0.2,
Tyler 2004 60 (27) (1.46) ns BPTB Single forward hop | LSI 0.5 ns ns
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Ueda 2021 97 (46) 21.7(8.5) | 22.2(29) | HS Single forward hop | LSI 1 ns ns
25.8
Ueda 2022 144 (62) (11.9) 22.6 (3) mixed Single forward hop | LSI 1 On hips ns
28.6 0.5, 1,
Ventura 2013 | 80 (29) (7.29) ns HS Vertical hop cm 2 ns ns
Vermesan 24.79
2014 71 (13) 28.83 (6) | (4.42) HS Triple hop LSl 1 ns ns
32.96
Vijayan 2021a | 95 (18) (9.11) ns HS Single forward hop | LSI 1 ns ns
30.22
Vijayan 2021b | 69 (7) (9.34) ns HS Single forward hop | LSI 2 ns ns
Single forward hop
2570 Triple crossover LSI
Webster 2017 | (908) 28.1(10) | ns HS hop LSl 1.2 ns ns
635 28.25
Webster 2018 | (246) (10.41) ns HS Single forward hop | LSI 1 ns Stable 2s
24.6
Welling 2018a | 65 (20) (7.05) ns mixed Single forward hop | cm 0.5 ns ns
Single forward hop | cm
Triple hop cm 0.5,
Welling 2018b | 62 (17) 242 (6.2) | ns mixed Side hop reps 0.8 ns ns
Single forward hop | cm
27.78 Triple hop cm
Welling 2020 64 (20) (8.81) ns mixed Side hop reps 0.8 ns ns
Single forward hop
Triple crossover
hop LSI
Triple hop LSI
Wellsandt 6m timed forward LSI
2018b 83 (27) ns 26.6 (4.3) | mixed hop LSl 5.3 ns ns
Wipfler 2011 54 (21) ns ns BPTB + HS Single forward hop | LSI 1,88 | ns ns
420 23.07 22.35
Yuya 2020 (198) (8.85) (2.98) HS Single forward hop | LSI 1 ns ns
Single forward hop
6m timed forward
hop LSI
Side hop LSI
Zhi-Cheng 25.66 24.16 Triple crossover LSI
2018 118 (40) (5.18) (3.28) HS hop LSl 051 |ns ns
Single forward hop
30.4 6m timed forward LSI
Zumstein 2022 | 100 (34) (9.47) ns HS hop LSl 0.8 Free Stable 3s

n = sample size, Age & BMI are mean (SD) unless otherwise specified. ns = not stated, IQR = interquartile range, HS = hamstring, ST =

semitendinosus, ST/G = semitendinosus/gracilis, BPTB = bone-patellar-tendon-bone, PT = patellar tendon, QT = quads tendon, TA =
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tibialis anterior, LARS = ligament augmentation and reconstruction system, SB = single bundle, DB = double bundle, LSI = limb symmetry
index, kg = kilogram, BM = body mass, s = seconds.
Note: * = study also included an ACL deficient group. # = cohort reported men and women from same RCT in separate papers.
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Supplement 5 — Risk of Bias Summary
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Figure 5.1: Summary of risk of bias assessment. Empty cells indicate where domains were not assessed, as they were
not relevant to the study design (e.g. sequence generation for a longitudinal cohort study). Green = low risk of bias, yellow
= unclear risk of bias, red = high risk of bias.
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Figure 5.2: Summary of risk of bias assessment. White sections indicate where domains were not assessed, as they
were not relevant to the study design (e.g. sequence generation for a longitudinal cohort study).



Supplement 6 — Details of final models presented in results

Table 6.1: Final model parameters

Model Timepoint Knot positions R?
term
Within person
Single forward 4 knot spline | 4.1, 8.1, 13.5,62.4 | 35.8
Triple forward Log-linear - 26.3
Triple crossover | Log-linear - 16.0
6m timed Log-linear - 34.0
Side 3 knot spline | 6.5, 11.1, 18.0 0.0
Vertical Log-linear - 36.0
Between person
Single forward | Log-linear |- 1 7.7
Triple forward
Triple crossover
6m timed Univariate meta-analysis only
Side
Vertical




Supplement 7 — Results for between-person comparisons

Single Hop — Between-person comparison

+20% -

0% -

Participants (n)
50

-20% - 100

Percentage Deficit

-40% -
n =1010
k =18 (15 studies)

° 1 ? Time since sirgery (Years) °
Figure 7.1: Meta-analysis of between-person comparisons of single forward hop
performance. Red line and shaded region represent the estimated fit (ratio of means,
expressed as percentage deficit) and 95% confidence interval, respectively, with grey
shading representing the prediction interval. Grey dots represent individual cohorts with
black showing linked timepoints across cohorts. n = total sample size, k = number of

individual effects.
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Triple Forward Hop — Between-person comparison

Months n
Study post ACLR ACLR RoM [95% Cl]
Casp 2021 6.0 144.0 . 0.88 [0.83; 0.92]
Norte 2020 6.3 80.0 — 0.90 [0.84; 0.96]
Gokeler 2017a 6.9 52.0 B 0.88 [0.84; 0.92]
Kline 2018 8.3 200 ——— 0.80 [0.71; 0.91]
Random effects model > 0.88 [0.85; 0.90]
Prediction interval S [0.82; 0.94]
[ ]
Heterogeneity: I° = 0%, T° < 0.0001 0.8 1 1.25

Figure 7.2: Meta analysis of between person comparisons of triple forward hop
performance. ACLR = anterior cruciate ligament reconstruction; RoM = ratio of means,
Cl = confidence interval.

Triple Crossover Hop — Between-person comparison

Months n
Study post ACLR ACLR RoM [95% CI]
Norte 2020 6.3 80.0 = 0.89 [0.83; 0.96]
Kline 2018 8.3 20.0 —a—— 0.82 [0.70; 0.95]
Patterson 2020a 12.0 59.0 —B— 0.83[0.75; 0.93]
Random effects model > 0.87 [0.82; 0.92]
Prediction interval [0.59; 1.28]
[ |
Heterogeneity: I = 0%, T° < 0.0001 0.75 1 15

Figure 7.3: Meta analysis of between person comparisons of triple crossover hop
performance. ACLR = anterior cruciate ligament reconstruction; RoM = ratio of means,
Cl = confidence interval.
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Six Metre Timed Hop — Between-person comparison

Months n
Study post ACLR ACLR RoM [95% Cl]
Norte 2020 6.3 80.0 — 0.86 [0.77; 0.95]
Kline 2018 8.3 200 ——— 0.70 [0.53; 0.92]
Random effects model i 0.81[0.67; 0.97]
| [ |
Heterogeneity: I = 47%, ©° = 0.0100 0.75 1 1.5

Figure 7.4: Meta analysis of between person comparisons of six metre timed hop
performance. ACLR = anterior cruciate ligament reconstruction; RoM = ratio of means,
Cl = confidence interval.

Side Hop — Between-person comparison

Months n
Study post ACLR ACLR RoM [95% Cl]
Falstrom 2017 18.0 77.0 — 0.93 [0.82; 1.06]
Faltstrom 2021 19.0 117.0 —— 0.90 [0.81;1.00]
Engelen—VanMeIick 2017 548 97.0 —a— 0.81[0.67; 0.97]
Patterson 2020a 624 590 ———— 0.71[0.58; 0.86]
Random effects model - 0.85 [0.76; 0.95]
Prediction interval [0.56; 1.30]
[ ]
Heterogeneity: I° = 52%, T° = 0.0065 0.75 1 1.5

Figure 7.5: Meta analysis of between person comparisons of side hop
performance. ACLR = anterior cruciate ligament reconstruction; RoM = ratio of means,
Cl = confidence interval.

29



Vertical Hop — Between-person comparison

Months n
Study post ACLR ACLR
O'Malley 2018 6.6 118.0 = B
Laudner 2015 7.8 26.0 —
Markstrom 2023 13.0 47.0 -
Engelen-VanMelick 2017 54.8 97.0 —r
Random effects model -
Prediction interval

[ |

Heterogeneity: I = 85%, t° = 0.0114 075 1

1.5

RoM [95% ClI]

0.77 [0.70; 0.84]
0.87 [0.78; 0.97]
1.00 [0.93; 1.08]
0.95 [0.85; 1.06]

0.89 [0.80; 1.00]
[0.53;1.51]

Figure 7.6: Meta analysis of between person comparisons of vertical forward hop
performance. ACLR = anterior cruciate ligament reconstruction; RoM = ratio of means,
Cl = confidence interval.

30



Supplement 8 — Publication bias assessment

Table 8.1 — Results from assessment of publication bias, using a modified Egger’s test
with robust variance estimation as proposed by Rodgers & Pustejovsky (2021), by
adding the standard error of effect as a moderator term to final models. Results present
the regression estimates for the standard error term from each model.

Publication bias was not assessed for within-person comparisons of triple forward-,
triple crossover-, six-metre timed-, side- and vertical hop due to lack of data (<10
studies).

Estimate t-statistic p-value
(SE)
Within-person
Single Forward Hop | -3.17 (0.79) | -4.00 <0.001
Triple Forward Hop | -6.87 (1.96) | -3.50 0.006
Triple Crossover -5.89 (2.77) |-2.12 0.090
Hop
Six-metre timed hop | -5.97 (2.02) | -2.96 0.039
Side hop -2.22(1.94) |-1.14 0.370
Vertical hop -0.65 (0.96) |-0.67 0.570
Within-person
Single Forward Hop |-1.28 (1.11) [-1.15 [ 0.321

SE = Standard Error
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Supplement 9 — Results for other hop tests
Within-person comparisons

Two studies (Aizawa 2022 and Ebert 2021a) measured medial and lateral hop
performance (maximal hop for distance in medial/lateral direction) within the first year
post-ACLR. ACLR limb performance was significantly reduced for both tests, by
approximately 10-15%. Square hop test performance was reported by 3 studies
(Ericsson 2013, Ahlden 2013, Karikis 2016) of 2 cohorts, at follow ups >2 years post-
ACLR, finding similar performance in the ACLR limb and the contralateral limb.

Between-person comparisons

No other hop tests results were reported for between-person comparisons.
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Supplement 10 -

+20% -

0%

Sensitivity analysis for graft type
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1500

2000

Graft
BPTB
HS
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Time since surgery (Months)

Figure 10.1: Sensitivity analysis for effect of graft type on single forward hop

performance. Blue line = bone patellar tendon bone (BPTB) graft, red line = hamstring

(HS) graft (any type).
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Supplement 11 — Sensitivity analysis removing high risk of bias
studies from within-person comparisons

+20% -

ROB
0% - pr High

Low

NA

Participants (n)
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n =18725 - 1158

10 studies removed
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Time since surgery (Months)

Figure 11.1 — Single forward hop sensitivity analysis removing high risk of bias
studies. Blue line and shading indicate original fit from primary analysis, red line and
shading indicate model fit with high risk of bias studies removed. High risk of bias
studies are highlighted with red bubbles. ROB = risk of bias; n = number of participants;
NA = not applicable.

+20% -

Participants (n)
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n
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n = 4993 - 870
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° 1 : Time sincesurgery(fllonths)
Figure 11.2 — Triple forward hop sensitivity analysis removing high risk of bias
studies. Blue line and shading indicate original fit from primary analysis, red line and
shading indicate model fit with high risk of bias studies removed. High risk of bias
studies are highlighted with red bubbles. ROB = risk of bias; n = number of participants;

NA = not applicable.
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n = 5596 - 657
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Figure 11.3 — Triple crossover hop sensitivity analysis removing high risk of bias
studies. Blue line and shading indicate original fit from primary analysis, red line and
shading indicate model fit with high risk of bias studies removed. High risk of bias
studies are highlighted with red bubbles. ROB = risk of bias; n = number of participants;

NA = not applicable.
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Figure 11.4 — Six metre forward hop sensitivity analysis removing high risk of
bias studies. Blue line and shading indicate original fit from primary analysis, red line
and shading indicate model fit with high risk of bias studies removed. High risk of bias
studies are highlighted with red bubbles. ROB = risk of bias; n = number of participants;

NA = not applicable.
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Figure 10.5 — Side hop sensitivity analysis removing high risk of bias studies.
Blue line and shading indicate original fit from primary analysis, red line and shading
indicate model fit with high risk of bias studies removed. High risk of bias studies are
highlighted with red bubbles. ROB = risk of bias; n = number of participants; NA = not

applicable.

No high risk of bias studies were included in vertical hop analysis, so no sensitivity
analysis was performed.
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