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Online resource 3. Characteristics and results of the articles and factors excluded from the meta-analysis

Article, year Study design Participants Graft type Number Time to graft | Age Activity level Risk factor(s) Follow- | Reason for Results RoB
& country (n) of graft rupture Mean /sports up exclusion
ruptures (months) (sd/range) participation (mean/
(n, (%) range,
years)
Articles not eligible for meta-analysis
Defrancesco Retrospective | 476 females, Hamstring 130 (13) NR 15.1(2.2) NR Age 2.7 Only study No difference in | High
etal. 2020 [1] 520 males autograft,al reporting graft rupture
USA lograft, on specific rate between
patella risk factor those age<16
autograft with compared to
specific cut- | >16 years
off (age (p=0.855)
>16<)
Della Villa et Prospective 118 males Patella, 11 (9) 23.5 25 (4.3) All Age, 4.3 Statistics Those with an Low
al. 2021 [2] hamstring, professional contact/non not isolated primary
Sweden Quadriceps soccer contact possible to ACL injury had
, iliotibial, players mechanism, re-calculate | higher risk of
other associated to OR graft rupture
injuries, (HR =3.88, 95%
timing of RTS Cl; 1.02 - 14.7).
No association
between age (p
=0.608),
contact/non
contact
mechanism (p =
0.112) or timing
of RTS (p =
0.199)
Gagliardi et Retrospective | 87 males, 92 Suture 15 (8) NR SLA 13.9 NR Age, sex, BMI, | SLA Statistics Age at surgery Low
al. 2019 [3] females ligament (3.2), QA 15.7 timing of 3.2,QA | not (p =0.160), BMI
USA augumenta (1.8) surgery 2.7 possible to (p =0.883), sex
tion (SLA), re-calculate | (p=0.280)and
quadriceps to OR time from injury
autograft to surgery (p =
(QA) 0.4598) were
not associated
with the Hazard
of graft rupture
Gans et al. Retrospective | NR NR 126 (NR) NR NR National Sex 9 Statistics Men (rate ratio High
2018 [4] collegiate not =4.3)hada
USA athletic possible to higher rate of
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association re-calculate | graft ruptures
sport to OR than women
(Rate ratio =
3.0), p=0.04
Goncalves Retrospective | 48 males, 27 Patella 4(5) NR Bi-meniscal NR Bi-meniscal 3.6 Only study The re-rupture Low
et.al 2017 [5] females repair, 30.8, repair reporting rate was higher
France uni-meniscal on specific in the bi-
repair 32.6, risk factor meniscal repair
control 31.9 group (3/15)
compared to
the other 2
groups (1/60),
p=0.02.
Kinsella et.al Retrospective | 16 females, lliotibial 7 (14) 12.7 13.3(1.9) NR Posterolatera NR Only study No association High
2020 [6] 34 males band, | corner (PLC) reporting between PLC
USA hamstring, injuries on specific injury and graft
patella. combined risk factor rupture
Tibialis (p=0.19)
anterior
Lai et.al 2018 Prospective 158 Hamstring 37 (23) 15.2 (13.4) 23.5(3.6) AFL players Age, Family 2-18 Statistics Age<21 (RR = High
[7] (females/mal autograft, history, not 2.5,95% Cl: 1.3-
Australia es NR) patella, timing of RTS possible to 4.8) was
allograft, re-calculate | associated with
other to OR a higher risk of
autografts, graft rupture. A
LARS family history of
ACL injury (RR =
1.5,95% Cl: 0.7-
3.0) and RTS<12
months (RR =
2.3,95% Cl: 0.6-
9.1) were not
associated with
graft rupture
Levins et al. Prospective 25 males, 30 Hamstring 11 (20) NR Males: with Participation Joint 2-5.5 Statistics Increased High
2016 [8] females autograft, (18 (2.3)) and High geometry not posterior-
USA patella without (18.5 | school/colleg possible to inferior-
autograft (2.5)) graft e level sport re-calculate | directed slope
rupture, to OR of the articular
Female: with cartilage in the
(15.9 (0.8) lateral tibial
and without plateau
(16.6 (1.2) measured at 2
graft rupture locations
(hazard ratio
[HR] =1.50, p =

.029; HR =1.39,
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P =.006),
increased
volume (HR =
1.45, p =.01)
and
anteroposterior
length (HR =
1.34, =.002) of
the medial tibial
spine, increased
length (HR =
1.18, p =.001)
and
mediolateral
width (HR =
2.19, p=.001)
of the lateral
tibial spine
were associated
with graft
rupture in
males. In
females,
decreased
volume (HR =
0.45, p =.020)
and height (HR
=0.46, p =.020)
of the medial
tibial spine,
decreased slope
of the lateral
tibial
subchondral
bone (HR =
0.72, p=.010),
decreased
height of the
posterior horn
of the medial
meniscus (HR =
0.09, p =.001),
and decreased
intercondylar
notch width at
the anterior
attachment of
the ACL (HR =
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0.72, p =.020)
were associated
with graft
rupture. No
associations
between 20
other unique
geometric
measurments
and graft
ruptures
Magnussen et | Prospective 1023 females, | Bone 147 (6) NR 26.7 (11.1) Recreational/ | Pre- 6 Only study High grade pre- | Low
al. 2018 [9] 1302 males tendon competetiv operative defining operative knee
USA bone sports knee laxity laxity as laxity was
autograft, participation >10< associated with
hamstring at primary degrees higher odds of
autograft, injury revision surgery
quadriceps (OR=1.73,p=
autograft, 0.04)
allograft
Patel et al. Retrospective | 521 females, Hamstring 76 (7) NR 15.1(2.4) 92% BMI 2.2 Only study No difference in | Low
2019 [10] 535 males autograft, participated defining the rate of graft
USA tibialis in sports at BMI as rupture
posterior primary injury percentiles between those
allograft, with normal
hybrid BMI (10.8%)
autograft, and those with
allograft, overweight
patella (10.0% ), p =
autograft, 0.74
iliotibial
band
autograft,
other
Paterno et al. Prospective 40 NR 8(20) NR 16.2 (3.4) IKDC level 1-2 | Fear of 1 (after | Only study Those who High
2018 [11] (females/mal at primary movement/re | RTS) reporting sustained a
USA es NR) injury -injury on specific graft rupture
risk factor had worse

score of the
Tampa Scale for
Kinesiophobia
at return to
sport (19.8 (4.0)
than those who
did not (16.4
(3.6)), p=0.03
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Sonnery- Prospective 138 females, Bone 40 (8) 18.5 (9.5) 22.4 (4.0) Participating Age, sex, type | 3.2 Statistics Those <25 years | Low
Cottet et al. 364 males patella in pivoting of sport, pre- not had increased
2017 [12] bone sports at operative possible to risk of graft
France autograft, primary injury | knee laxity re-calculate | rupture
hamstring >7<mm, to OR compared to
autograft, those >25 years
(HR=3.43,p=
0.12). No
association
between sex,
contact vs non
contact sport or
pre-operative
knee laxity and
graft rupture (p
>0.05)
Additional risk factors not eligible for meta-analysis from articles included in the meta-analysis for any other risk factor/s
Benner et al. Prospective 553 Patella 42 (8) NR With graft Activity score: | Pre-and post- | 4.1 Only study No difference in | Moder
2016 [13] (females/mal autograft rupture: 18.6 8.4 operative reporting graft rupture ate
USA es NR) (5.1), without knee hyper on specific rate between
graft rupture: extension risk factor groups: >6
23.7 (9.4) with degrees (6.9%),
specific cut- | <3 degrees
offs (>6 or (9.8), p=0.246)
<3 degrees)
Cooper et al. Prospective 484 females, Patella 34 (3) NR 26 NR Pre-operative | 2 Only study Those with High
2018 [14] 661 males autograft, knee hyper reporting hyper extension
USA allograft extension on specific >5 degrees had
risk factor higher risk of
with graft rupture
specific cut- | (OR=2.2,
offs (>5< p=0.030)
degrees)
Cruz et al. Retrospective | 24 girls, 79 Allograft, 11 (11) 23 12.1 (6.3- NR Knee flexion 1.8 Only study No difference in | Low
2017 [15] boys autograft, 15.7) at 6 weeks reporting knee flexion
USA hybrid post op on specific between those
risk factor who sustained a
graft rupture
and those who
did not
(p=0.056)
Csapo et al. Retrospective | 17 females, Hamstring, 5(17) 29.4 21.6 (4.0) Professional Simple/compl | Atleast | Only study No association High
2021 [16] 13 males quadriceps ski racers at ex injury, 2 years | reporting between
Austria primary injury | timing of RTS on specific simple/complex
risk factor injury (OR =0.5,
with 95% Cl; 0.1 -
specificcut | 5.1), or timing
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off (RTS of RTS (OR =
2300 vs. < 1.2,95% Cl; 0.2
300 days —-8.5)
Engelman et Retrospective | 33 girls, 40 Hamstring 15 (21) NR 15(11.2-18.7) | NR Age, history 2.7 - Statistics Increased post- High
al. 2014 [17] boys, autograft, of knee 4.2 not operative knee
USA allograft surgery, possible to laxity was
timing of re-calculate | associated with
surgery, to OR higher risk of
associated graft failure
injuries, (HR=5.28,
timing of p=0.022). No
physical association
therapy between age
initiation (>2< (p=0.993),
weeks) post- history of knee
operative surgery
knee laxity (p=0.583),
(compared to timing of
contra-lateral surgery
leg) growth (p=0.171),
plate status, additional
post- meniscal
operative surgeries
range of (p=0.228,
motion timing of
physical
therapy
initiation
(p=0.103),
growth plate
status (p=0.142)
or post-
operative range
of motion
(p=0.996).
Digiacomo et Prospective 12 females, NR 14 (50) 16.4 Graft rupture: | Tegner score Femoral 4 Only study No differences Moder
al. 2018 [18] 16 males 17.9 (4.0) at primary notch shape reporting in NSI between ate
USA No graft injury index (NSI) on specific those who
rupture: 18.7 Graft rupture: risk factor sustained a
(4.0) 8.6 graft rupture
No graft and those who
rupture: 8.0 did not (p>0.05)
Faltstrom et Retrospective | 8 986 Hamstring 702 (3) NR Graft rupture: | Soccer, other Pre-operative | 0.5-8.6 | Only study Those who Low
al. 2016 [19] females, autograft 21.9(7.3) contact ball EQ5D reporting sustained a
Sweden 11 838 males No graft sports, other on specific graft rupture
rupture: 27 sport/recreati risk factor had lower pre-
(9.9) on, other operative EQ5D
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(causes of index (0.66 vs
injury) 0.68, p=0.003)
and lower EQ5D
VAS score (60.7
Vs 63.3,
p=0.005) than
those who did
not
Ghosh et al. Prospective 32 girls, 68 Hamstring 12 (12) 11 14 (8-16) NR Tibial slope, 2 Statistics Those with High
2020 [20] boys allograft tanner stage not tanner stage 4-
Australia possible to 5 had higher
re-calculate | risk of
to OR sustaining a
(tibial graft rupture
slope) or (p=0.05). No
only study difference in
reporting tibial slope
on specific (>12< degrees)
cut-off between those
(tanner who sustained a
stage 1-3vs | graft rupture
4-5) and those who
did not
(p>0.05).
Grassi et al. Retrospective | 18 females, Hamstring 43 (50) NR Graft rupture: | NR Transepicond | 3 Only study Those with graft | Low
2019 [21] 68 males autograft 21.8 (q1-q3: ylar distance with rupture had
Italy 18.7-26.7) (TE), medial sufficient greater LTP,
Controls: 23.3 femoral statistics MTP and MFCw
(q1-93: 19.6- condyle ratio including comoared to
23.2) (MFC), specific those with
lateral/media variables intact graft
| tibial plateu (p<0.001). No
subluxation differences in
(LTP/MTP), the other
notch width variables
index (NWI), between those
notch ratio with graft
(NR), rupture and
lateral/media intact graft
| femoral (p>0.05)
condyle width
(LFCw/MFCw,
lateral/media
| plateu width
(LTPW/MTPw)
Heath et al. Retrospective | 82 girls. Hamstring 51(21) 17.5 14.6 (8-17.9) > 86% Tanner stage 4.5 Only study Those with Low
2019 [22] 166 boys allograft participated reporting Tanner stage 3-
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Australia in sports at on specific 5 had higher
primary injury factor with risk of
specific cut- | sustaining a
off (Tanner | graft rupture
stage 1-2vs | compared to
3-5) Tanner stage 1-
2 (HR=3.7,
p=0.01)
Henle et al. Prospective 186 females, LARS 30(8) NR 33(12) 55% Tegner Post- 2.5 Only study Increased knee Low
2018 [23] 195 males score of 5 or operative reporting laxity was
Switzerland 6, time point knee laxity on specific associated to
NR (side-to-side risk factor graft rupture
difference) including (OR=1.34,
sufficient p=0.015)
statistics
Kamien et al. Retrospective | 98 (females, Hamstring 15 (15) NR Range. 12-52 Tegner score Tegner level 2 Unclear No differences High
2013 [24] males NR) (time point time point in Tegner
USA NR): Graft for activity level
rupture: 5.5 assessing between those
No graft activity who sustained a
rupture: 4.8 level graft rupture
(5.53) and
those who did
not (4.81),
p=0.463.
Kim et al. Retrospective | 19 females, NR 31(26) NR Graft rupture: | Pre-operative | Post- 4.1 Only study Those sustained | Low
2020 [25] 101 males 29.3(8.3) Tegner score: | operative reporting a graft rupture
South Korea Controls: 31.1 | 3 Tegner level, on specific had a higher
(7.9) associated risk factors post-operative
injuries, pre- at specific tegner level,
and poste time point more often an
operative and with associated ALL
knee laxity, specific cut- | injury and pre-
knee range of offs and post-
motion (lachman/p | operative knee
ivot test laxity > grade 2
>grade 2<) compared to
with those who did
sufficient not (p<0.05).
statistics No difference in

pre-operative
Tegner level or
post-operative
knee range of
motion
(p>0.05).
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King et al.
2021 [26]
Ireland

Prospective

88 males

Patella,
hamstring

31(35)

19.8

18-35

All played
multidirectio
nal field sport
at primary
injury

Marx activity
scale (at9
months post
injury), hop
performance,
biomechanics

Only study
reporting
on specific
risk factors
at specific
time

Those who
sustained a
graft rupture
had greater
knee flexion
angle (p=0.030),
lower center of
mass to ankle
distance
(p=0.027)
during double-
leg drop jump,
greater ground
contact time
during a
planned change
of direction
movement
(p<0.037) and
lower degrees
of pelvic tilt
during an
unplanned
change of
direction
movement than
those who did
not sustain a
graft rupture.
No differences
for Marx
activity score or
hop
performance
during single-
leg counter
movement
jump and
single-leg drop
jump (p>0.05)

High

Krismer et al.
2017 [27]
Switzerland

Retrospective

109 females,
155 males

LARS

25 (9)

7.1

30.8 (12.2)

Tegner score
at primary
injury: 7

Pre-operative
knee laxity,
extension and
flexion
deficits

Only study
reporting
on specific
risk factors
at specific
time point

No differences
in pre-operative
knee laxity,
extension or
flexion deficits
between those
who sustained a
graft rupture

Moder
ate
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and those who

did not (p>0.05)
Kyritsis et al. Prospective 158 males Patella 26 (16) 3.5 (after Graft rupture: | Professional Rehabilitation | 2.5 Only study Those who Low
2016 [28] tendon, RTS) 22 (5) athletes duration, (after reporting sustained a
Qatar hamstring No graft associated RTS) on specific graft rupture
graft rupture: 21 injuries risk factors had lower
(4) combined, hamstring peak
hamstring torque at 300
and °/s (118 vs 128,
quadriceps p=0.004) on the
peak muscle involved leg,
strength and lower

hop
performance
at time of RTS

hamstring to
quadriceps ratio
at 60°/s on the
involved leg (53
vs 58, p=0.004),
lower
hamstring
average power
on the involved
leg at 60°/s (79
vs 91, p=0.006),
180°/s (154 vs
173, p=0.003)
and 300°/s (148
vs 171, p=0.02)
No other
differences at
different speeds
for quadriceps
or hamstring
peak torque,
average power
or work
fatiques were
observed for
the involved or
uninvolved legs.
No difference in
rehabilitation
duration (221 vs
247 days,
p=0.070),
associated
injuries (27% vs
45%, p=0.080)
or LSI for the
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cross over hop
for distance (99
vs 99) between
those who
sustained a
graft rupture
and those who
did not.

Mitchell et al. | Retrospective | 83 females, Patella, 39 (25) NR 14.2(9.3- NR 3.5 Tibial Greater tibial
2021 [29] 70 males quadriceps, 19) translation, rotation
USA hamstring tibial (p=0.042) and Low
rotation, LCL sign
coronal (p=0.013) on
lateral MRI were
collateral associated with
ligament graft rupture.
(LCL) sign No association
on MRI for tibial
translation
Mohtadi et al. | Prospective 147 females, Patella, 17 (5) 18.3 28.5(9.8) Tegner Score Pre-injury 2 Only study No association Low
2016 [30] 183 males hamstring > 5 at primary | activity level reporting between
Canada injury on specific activity level
risk factor and graft
with rupture
specific cut- | (OR=1.21,
offs 95%C; 0.81-
(high/low 1.81)
activity
level)
Poston et al. Prospective 32 females, Hamstring 7 (14) <24 16.5 (3.0) Pivoting or Kinematics 2 Only study The sum of Low
2020 [31] 17 males autograft, cutting sport reporting knee valgus and
USA allograft at primary on specific trunk lean and
patella injury risk factors the sum of knee
autograft, valugus, trunk
allografts lean and pelvis

deviation,
respectively,
were associated
with a higher
risk of graft
rupture
(p<0.02). No
associations
between
individual
assessments of
trunk lean and




Return to sports - a risky business? A systematic review with meta-analysis of risk factors for graft rupture following ACL reconstruction, Sports Medicine, Anna Cronstrom;
anna.cronstrom@umu.se, Eva Tengman, Charlotte Hager, Umea University

pelvis deviation

and graft
rupture
(p=0,12)
Pinczewski et | Prospective 85 females Patella 19 (11) Patella 25 (13-42) Pivoting, Activity level 10 Only study Knee laxity at 2 High
al. 2007 [32] 95 males autograft, autografts: 63 cutting or and knee reporting years was
Australia hamstring Hamstring side-stepping | laxity at 2 on specific associated with
autograft autografts: 50 sports at years risk factors graft rupture
primary injury with (p=0.001). No
specific cut- | association
offs (At 2 between
years post activity level at
surgery) 2 years and
graft rupture
(p=0.25)
Pullen et al. Retrospective | 2728 females, | NR 587 (4) 16.6 28.9(7.6) 94% active Medication 7 Only study A history of Low
2016 [33] 13601 males duty military history reporting NSAIDs
USA on specific (p<0.001) and
risk factor COX-2 inhibitors
(p=0.021) were
associated with
a higher risk of
graft rupture
Rosenstiel et Retrospective | 22 females, Hamstring 4 (6) 23.9 23.2 (15-37) Tegner score: | Age, contact 3.9 Statistics Age (HR=1.47, Low
al. 2019 [34] 48 males autograft 9.3(1) at Vs non- not p=0.739),
France primary injury | contact sport, possible to contact vs non-
pre-operative re-calculate | contact sport
knee laxity, to OR (HR=1.67,
associated p=0.758), knee
injuries laxity (HR<1.20,
p=0.310) or
lateral/medial
meniscal lesions
(HR<1.84,
p=0.705) were
not associated
with graft
rupture.
Salmon et al. Prospective 20 females, Patella 9(13) 77.3 27 (NR) Pivoting, Age 5 Only study Age < 21 years Low
2006 [35] 47 males autograft cutting or with was associated
Australia side-stepping sufficient with a higher
sports at stats risk of graft
primary injury including rupture
specific cut- | (OR=10.0,
off (>21<) p=0.020)
Salmon et al. Prospective 74 females, Hamstring 37 (21) NR 25.8 Streneous, Joint 19.7 Only study A tibial slope Low
2018 [36] 105 males autograft moderate or geometry including >12 degrees




Return to sports - a risky business? A systematic review with meta-analysis of risk factors for graft rupture following ACL reconstruction, Sports Medicine, Anna Cronstrom;
anna.cronstrom@umu.se, Eva Tengman, Charlotte Hager, Umea University

Australia light activity specific cut- | was associated
at follow-up off for tibial | with a higher
slope (>12< | risk of graft
degrees) rupture
(HR=3.0,
p=0.001)
Sanders et al. Retrospective | 535 females, Patella 72 (5) 58.8 26.6 (9.9) NR Timing of 10 Statistics Age <22 years Low
2017 [37] 820 males autograft, surgery (>12< not (p=0.04) and
USA hamstring months), age possible to timing of
autograft, (>22< years), re-calculate | surgery>12
allograft associated to OR months post
injuries injury (HR=1.10,
p=0.009) were
associated with
a higher risk of
graft rupture.
Meniscal tear
was not
associated with
graft rupture
(p>0.05)
Shelbourne et | Prospective 234 women, Patella 19 (3) NR 24.3 Noyes score: Joint NR Only study No difference in | Moder
al. 1998 [38] 480 men 99.7% > 12 at | geometry including graft rupture ate
USA primary injury specific risk | rate between
factor with those with an
specific cut- | intercondylar
Off (<15mm | femoral notch
vs 216mm) width <15mm
(2.3%) and
those 216mm
(3.1%), p=0.628.
Schlumberger | Retrospective | 916 females, Hamstring, 73 (3) NR 32.4(12.2) NR Age 5 Statistics No association Moder
etal. 2017 1551 males quadriceps not between age ate
[39] possible to and graft
Germany re-calculate | rupture
to OR (p>0.05)
Tulloch et al. Retrospective | 23 females, LARS 17 (31) 46.8 Graft rupture: | Cincinatti Pre injury 7.8 Only study No difference in | Low
2019 [40] 32 males 34.6 score at activity level including pre-injury
Australia No graft primary specific risk | activity level
rupture: 36.6 injury: 70 factor between those
(Cincinatti- who sustained
score) an graft rupture
and those who
did not (p>0.05)
Webster et al. | Prospective 129 females, Hamstring 50 (15) 33 17.2(2) NR Post 5 Only study Larger flexion High
2019 [41] 200 males operative including deficits
Australia extension and specific risk (OR=2.3,
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score >12<)

flexion factors at p=0.05) were
deficits, knee specific associated with
laxity time point graft rupture.
(12 months | No association
post between
surgery) extension
deficits
(OR=0.4,
p>0.05) or knee
laxity (OR=0.9,
p>0.05) and
graft rupture.
Webster et al. | Prospective 56 females, Patella, 20 (16) 29 17 (1.9) 91% Timing of RTS | 3.4 Only study No difference in | High
2021 [42] 73 males quadriceps, participated including graft rupture
Australia hamstring in cutting and specific risk | rate between
pivoting factor with those who
sports adequate returned to
statistics sport 212
months vs <12
months post
reconstruction
(p>0.005)
Yabroudi et Retrospective | 139 females, Autograft, 21 (8) NR 26.1(9.9) 58% Pre-injury 3.4 Only study Marx score >12 High
al. 2016 [43] 112 males allograft competetive activity level including was associated
USA level at specific risk | with graft
primary injury factor with rupture
specific cut- | (OR=3.27,
offs (Marx p=0.023).
activity

NR = not reported, RTS = return to sport, LARS = Ligament Advanced Reinforcement System, BMI = Body Mass Index, IKDC = International Knee Documentation
Committee subjective knee form, OR = odds ratio, RR = risk ratio, HR = hazard ratio, AFL = Australian Football league, EQ5D = EuroQol — 5 — dimension
descriptive system, NSAID = Non-Steroidal Anti-inflammatory Drug, RoB = risk of bias
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