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

Online resource 5. Meta-analyses and forest plots of risk factors for graft rupture

Pre-injury activity level

Author & year Population  Graft Scale Follow-up  Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper

ratio limit limit
Kaeding et al. 2017 [1] AIC&RA Mix Marx 2.0 2.88 2.04 4.06 -+
King et al. 2020 [2] AIC&A Mix Marx 2.4 0.90 0.50 1.62 -4

1.65 0.53 5.16
Beischer et al. 2020 [3] A/C&A Mix Tegner 5.0 2.68 0.83 8.62 ——
Filbay et al. 2017 [4] A Mix Tegner 5.0 2.48 0.40 15.23 }
Fleming et al. 2013 [5] AIC&A Mix Tegner 3.0 2.66 0.59 12.04 }
Henle et al. 2018 [6] AIC&A LARS Tegner 25 5.13 258 10.19 ——
Henle et al. 2018 [7] A/C&A LARS Tegner 2.0 1.55 1.01 239 -
Kajetanek et al. 2017 [8] A/C&A Hamstring  Tegner 2.2 1.83 0.81 4.14 —f—
Krismer et al. 2017 [9] AICEA LARS Tegner 2.0 2.70 1.27 573 ——
Tagesson et al. 20 5 [10] A/C&A Hamstring Tegner 5.0 0.26 0.03 2.58 }

2.29 1.48 3.55
Grassi et al. 2020 [11] AC&A Hamstring Tegner >7< 10.0 1.34 0.31 5.72 —_—
Krismer et al. 2017 [9] AIC&A LARS Tegner >7< 2.0 4.40 1.21 16.02 —_—
Runer et al. 2020 [12] AIC&RA Mix Tegner >7< 2.0 6.14 2.87 13.15 —t

3.91 1.69 9.04
12 statistics 0.01 0.1 1 10 100

Marx scale: 91%, Tegner continuous: 44%

Tegner >7<: 40% - . .
Low activity High activity

Figure 1. Meta-analysis on the association between pre-injury activity level and graft rupture (Marx
scale; graft ruptures n = 150, controls n = 3310), (Tegner scale continuous; graft ruptures n = 109,
controls n = 1379), (Tegner scale >7<; graft ruptures n = 71, controls n = 1162). A = adults, C&A =
children/adolescents, Mix = mix of different grafts, LARS = Ligament Advanced Reinforcement System,
Follow-up = years.
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Age
Author & year Greft Age Fallowup Statistics for each study Odds ratio and 5% Cl
Odds Lower Upper
ratio limit limit
Grassi etal. 2020[11] Harrstring >18< 100 106 013 8%
Leysetd. 2012[13 Mix >18< 150 200 062 648 -1
Raherdaetd. [14] NR >18< 19 191 144 253 -+
Sdmonetal. [15] Hanrstring >18< 197 3% 180 867 }
Shelbourne et al. 2000 [16] Patella >18< 50 555 307 1004 —
Thonpsonet . 2017[17] Patella >18< 200 110 011 1089 u
Yabroud et al. 2016[18] NR >18< 34 952 205 423 —_—
30 174 527
Gifstad et al. 2014[19] Mix >20< 50 227 202 255 +
Leeetd. 2021[20] Hamstring >20< 30 427 046 3063 +
Magnussen et al. 2012 [21] Harstring >20< 12 267 297 17311 +
Wassersteinet al. 2013[22) NR >20< 52 346 279 431 +
Webster et al. 2014[23] NR >20< 48 632 281 1418 —
353 229 545
Barrett et a 2011 [24] Patella >265< 52 219 118 407 ——
Cooper et al. 2018[25] Patella >26< 20 360 162 800 o
Karrienet al. 2013[26] Harrstring >25< 20 52 137 1990 —_—t
Raherdjaetal. 2020 [14] NR >26< 19 205 159 263 =+
Wessersteinet . 2013 [2) NR >S5 50 370 23 468 +
286 197 416
Mardani-Kivi et al. 2019[27] " etring >30< 65 157 078 316 ++—
Rahardjaetal. 2020 [14] NR >30< 19 252 184 344 -+
Runer etal. 202012 Mix >30< 20 565 218 1461 —+
259 151 444
Amear etal. 2019(28] *Hastring Continuous 100 012 002 072 —_—H
Beischer etdl. 2020[3] Mix Continuous 15 045 0.06 35 +
Berner etal. 2016 [29)] Patella Continuous 41 037 017 080 e
Ferring etal. 2013[5] Mix Continuous 30 030 007 1% +
Filbeyet al. 2017 [4] Mix Continuous 50 019 003 115 t
Guptaetal. 2020[30] Mix Continuous 100 051 014 i —_—
Henleeta. 20186 LARS Continuous 25 016 008 031 T+
Henleeta. 2018[7] LARS Continuous 20 098 089 108
Ifranetal. 2020[31] Mix Continuous 27 090 084 097 L
Kaeding etal. 2017[1] Mix Cortinuous 20 028 020 040 -+
Kajetaneket al. 2017[8] Hanstring  Continuous 22 025 on 057 —_—
Kimet al. 2020[32] NR Continuous 41 076 036 160 ——
King etal. 2020[2 Mix Continuous 24 037 021 067 —
Krismer etal. 2017 [9) LARS Continuous 20 024 on 051 —
Kyritsis et al. 2016 [33] Mix Continuous 20 154 072 32 -+
Laboute et al. 2010[34] Mix Continuous 35 062 030 128 —
Maletis et al. 2015[35] Mix Continuous 24 081 068 0% +
Olorohaet al. 2019[36] NR Cortinuous NR 083 039 2 —h—
Poston et al. 2021 [37] Hanstring  Continuous 20 029 o2 039 -+
Pulenetal. 2016 [38] NR Continuous 70 056 048 065 +
Rahardjaetal. 2020 [14] NR Continuous 19 045 036 056 +
Riff et al. 2017 [39] Mix Continuous 157 09 077 127 +
Singhal et al. 2007 [40] Tibidis Continuous 45 021 007 061 +—
Tagessonetal. 2020[10] Harrstring Continuous 50 085 009 813 }
Van Ecketal. 2012 [41] Harrstring Continuous 25 032 014 071 —_—
Wassersteinet al. 2013[22) NR Continuous 52 029 024 036 +
047 038 059
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Figure 2. Meta-analysis on the association between age and graft rupture (>18<; graft ruptures n = 413,
controls n = 9318), (>20<; graft ruptures n = 1579, controls n = 57615), (>25<; graft ruptures n = 697,
controls n = 21368), (>30<; graft ruptures n = 329, controls n = 8936), (continuous; graft ruptures n =
2450, controls n = 66451). Mix = mix of different grafts, LARS = Ligament Advanced Reinforcement
System, Follow-up = years.

Lateral tibial slope

Author & year Population Graft Follow-up  Statistics for each study QOdds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
* Christen et al. 2015 [42] AIC&GA  Mix 6.9 198 065 5097 e
Christensen et al. 2015 [42]  A/C&A Mix 6.9 5.96 144 2474 —_—t
Digiacomo et al. 2018 [43]  A/IC&A  NR 4.0 077 020 297 —_—
Grassi et al. 2019 [44] AIC&A Hamstring 3.0 2658 10.70 66.03 —t
Jaecker et al. 2018 [45] AIC&A Mix NR 2.99 1.56 5.72 ——
Kajetanek et al. 2017 [8] AIC&A Hamstring 2.2 0.60 0.20 181 —
Mitchell et al. 2021 [46] AIC&GA  Mix 35 194 100 377 ——
*Sauer et al. 2019 [47] AIC&A  Hamstring 4.0 140 105 187 -+
Sauer et al. 2019 [47] AIC&A Hamstring 4.0 1.32 0.52 3.30 —_—
Webb et al. 2013 [48] AIC&A Hamstring 15.0 1.76 0.86 3.59 Tt
221 1.26 3.86
12 statistics: 81% 0.01 0.1 1 10 100
Lower tibial slope Greater tibial slope

Figure 3. Meta-analysis on the association between lateral tibial slope and graft rupture (graft ruptures n
=311, controls n = 545). A = adults, C&A = children/adolescents, NR = not reported, Mix = mix of different
grafts, PTS = posterior tibial slope, Follow-up = years,*Christenssen et al. reported the result for two
cohorts (men vs women) and Sauer et al reported the result for two cohorts with two types of graft
positioning.
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Psychological readiness to return to sport

Author & year Population Graft Follow-up  Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
King et al. 2021 [49] A/CE&A Mix 2.0 2.02 0.91 451 —
McPherson et al. 2019 [50] A/C&A Mix 2.0 2.29 1.20 4.37 ——

2.18 1.32 3.61

01 02 05 1 2 5 10

12 statistics: <0.001%
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Figure 4. Meta-analysis on the association between psychological readiness to return to sport and graft
rupture (graft ruptures n = 65, controls n = 352). A = adults, C&A = children/adolescents, Mix = mix of

different grafts, Follow-up = years.
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Timing of surgery

Author & year Population Graft Months Follow-up Statistics for each study Qdds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
Faltstrom et al. 2021 [51] A/C&A Hamstring >12< 8.0 192 160 231 +
Rahardja et al. 2014 [14] A/C&A NR >12< 1.9 163 1.07 250 ——
1.87 1.58 2.22
Faltstrom et al. 2016 [51] A/C&A Hamstring >3< 8.0 240 199 289 +
Grassi et al. 2020 [11] AIC&A Hamstring >3< 10.0 0.42 0.05 3.48 {
1.40 0.29 6.79
Rahardja et al. 2020 [14] A/C&A NR >6< 1.9 1.19 0.90 1.55 o+
Yabroudi et al. 2016 [18] A/C&A NR >6< 3.4 421 055 3229 }
1.47 0.58 3.74 !
I2 statistics 0.01 0.1 1 10 100
>12<:<0.001%, >3<: 61%, >6<: 31%
Delayed Early

Figure 5. Meta-analysis on the association between timing of surgery and graft rupture (>12 months<;
graft ruptures n = 910, controls n = 24091), (>3 months<; graft ruptures n = 661, controls n =
17853), (>6 months<; graft ruptures n = 278, controls n = 7357). NR = not reported, A = adults,
C&A = children/adolescents, Follow-up = years.
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Return to pre-injury activity level

Author & year Population Graft  Follow-up Statistics for each study QOdds ratio and 95% CI
Odds Lower Upper
ratio limit limit

Allenetal. 2016 [52]  A/C&A Mix 5.7 8.58  0.48 152.49 i
Bodkin et al. 2021 [53] A/C&A Patella 2.0 3.21 0.72 14.22 }
Bourke et al. 2012 [54] A/C&A Mix 16.0 0.94 0.55 1.63 e
Salmon et al. 2005 [55] A/C&A Mix 5.0 1.82 0.90 3.67 L e
Sandon et al. 2020 [56] A/C&A Mix 10.0 291 148 571 o
Webster et al. 2014 [23] AIC&A NR 4.8 3.90 1.33 11.48 s e
Welling et al. 2020 [57] A/C&A Mix 2.1 0.61 0.13 2.87 e B ]
Yaborudi et al. 2016 [18] A/C&A NR 3.4 200 045 8093 —_

191 117 312 <o
Britt et al. 2020 [58] C&A Mix 3.4 4.03 0.47 34.80 }
Fones et al. 2020 [59] C&A Mix 4.0 0.58 0.12 2.68 —_—
Morgan et al. 2016 [60] C&A Mix 16.5 243 090 6.52 T

1.72 0.61 4.80 ?

Overall 1.87 1.21 291
0.01 0.1 1 10 100
12 statistics: 37%
Did not return Returned

Figure 6. Meta-analysis on the association between return to pre-injury activity level and graft rupture
(graft ruptures n = 302, controls n = 3224). NR = not reported, A = adults, C&A = children/adolescents.
Blue color = sub group total, pink color = Overall, irrespective of subgroup
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Family history

Author & year Population Graft Follow-up  Statistics for each study QOdds ratio and 95% CI
Odds Lower Upper
ratio limit limit

Bourke et al. 2012 [54] ACEA Mix 16.0 1.82 1.07 3.08 e
Goshima et al. 2014 [61] ACEA NR 2.0 177 046  6.87 e e
Mardani-Kivi et al. 2019 [27] A/C&A Hamstring 6.5 0.98 0.40 2.40 ——
Salmon et al. 2005 [55] AIC&RA Mix 5.0 1.40 0.64 3.05 ——
Salmon et al. 2018 [15] ACE&A Hamstring 19.7 1.80 0.80  4.08 ———
Thompson et al. 2015 [17] A/C&A Patella 20.0 2.00 0.49 8.10 e e
Webster et al. 2014 [23] ACEA NR 4.8 233 103 528 — —

169 124 229 <
Bram et al. 2020 [62] C&A NR 4.3 1.22 0.66 2.28 —f—
Ghosh et al. 2020 [63] C&A Hamstring 2.0 3.31 0.77 1417 }
Heat et al. 2019 [64] C&A Hamstring 4.5 1.54 0.72 3.31 }
Morgan et al. 2016 [60] C&A Mix 16.5 3.71 1.84 7.47 o

203 113 364 <P

Overall 1.76 1.34 2.31
0.01 0.1 1 10 100
2 ictice: 0,

I statistics: <0.001% No family history Family history

Figure 7. Meta-analysis on the association between family history and graft rupture (graft ruptures n =
357, controls n = 3837). ACL = anterior cruciate ligament, NR = not reported, Mix = mix of
different grafts, A = adults, C&A = children/adolescents. Blue color = sub group total, pink color
= overall, irrespective of subgroup
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KOOS
Author & year Population ~ Graft KOOsS Follow-up  Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit

Féaltstrom et al. 2016 [51] A/C&A Hamstring ADL 8.0 1.03 0.88 122 -’-
Tagesson et al. 2016 [10] A/C&A Hamstring ADL 5.0 0.27 0.03 2.74 } 1

0.89 0.39 2.02
Féltstrom et al. 2016 [51] A/C&A Hamstring Pain 8.0 0.95 0.81 112 -1-
Tagesson et al. 2016 [10] A/C&A Hamstring Pain 5.0 0.65 0.07 6.26 } |

0.95 0.80 1.12
Féaltstrom et al. 2016 [51] A/C&A Hamstring QoL 8.0 1.01 0.86 1.19 -'-
Tagesson et al. 2016 [10] A/C&A Hamstring QoL 5.0 0.47 0.05 4.59 } 1

1.01 0.85 1.19
Féltstrom et al. 2016 [51] A/C&A Hamstring Sport/rec 8.0 0.96 0.82 1.13 -1-
Tagesson et al. 2016 [10] A/C&A Hamstring Sport/rec 5.0 0.60 0.06 5.83 } 1

0.96 0.81 1.13
Féaltstrom et al. 2016 [51] A/C&A Hamstring Symptoms 8.0 0.81 0.69 0.96 -|-|
Tagesson et al. 2016 [10] A/C&A Hamstring Symptoms 5.0 0.29 0.03 2.89 }

0.81 0.69 0.95 |

0.01 0.1 1 10 100
12 statistics
ADL: 21%, Pain: <0.001%, QoL: <0.001%, Higher KOOS scores Lower KOOS scores

Sport/rec: <0.001%, Symptoms: <0.001%

Figure 8. Meta-analysis on the association between Knee injury and Osteoarthritis Outcome Scores
(KOOS) and graft rupture (graft ruptures n = 486, controls n = 13207). ADL=Activity of Daily Living,
Qol=Quality of Life, A = adults, C&A = Children/adolescents, Follow-up = years

Concomitant cartilage injury

Author & year Population Graft Follow-up Statistics for each study QOdds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
Everhart et al. 2020 [65] A/C&A Mix 3.2 0.59 0.27 1.28 —_—t
Filbay et al. 2017 [4] AIC&A Mix 5.0 0.87 0.09 8.74 $
Fleming et al. 2013 [5] A/C&A Mix 3.0 0.81 0.09 7.45 +
Gifstad et al. 2019 [19] A/C&A Mix 5.0 0.68 0.59 0.80 +
Kim et al. 2020 [32] AIC&A NR 4.1 0.94 0.36 2.50 ——
King et al. 2020 [2] A/C&A Mix 2.4 0.73 0.26 2.10 —_—t
Lord et al. 2020 [66] AIC&A Mix 2.0 0.55 0.32 0.92 ——
Rahardja et al. 2020 [14] AIC&A NR 1.9 0.74 0.57 0.96 -+
Webster et al. 2014 [23] A/C&A NR 4.8 1.24 0.54 2.84 —1—
0.70 0.62 0.79
0.01 0.1 1 10 100
12 statistics: < 0.001%
Cartilage injury No cartilage injury

Figure 9. Meta-analysis on the association between concomitant cartilage injury and graft rupture (graft
ruptures n = 1740, controls n = 62038). NR = not reported, Mix = mix of different grafts, A = adults, C&A =
children/adolescents, Follow-up = year
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Sex
Author & year Population Graft Follow-up Statistics for each study QOdds ratio and 95% Cl
Odds Lower Upper
ratio limit limit
Borton et al. 2018 [67] A Hamstring 4.0 1.56 0.44 5.47 S
Lee et al. 2017 [68] A Mx 25 1.07 0.11 10.97
Pullen et al. 2016 [38] A NR 7.0 0.89 0.71 112 -+
Salmon et al. 2018 [15] A Hamstring 19.7 0.98 0.40 241 —_—
Shelboume et al. 1998 [69] A Patella NR 0.85 0.30 2.45 —
Tulloch et al. 2019 [70] A LARS 7.8 0.96 0.30 3.07 i
Annear et al. 2019 [28] AIC&A Hamstring 10.0 0.72 0.10 5.01 }
Beiscehr et al. 2020 [3] AIC&A Mx 15 1.39 0.38 5.02 —_—
Bodkin et al. 2021 [53] AIC&A Mx 2.0 0.25 0.09 0.71 +—t
Bourke et al. 2012 [54] AIC&A Mx 16.0 0.45 0.25 0.81 —_
Cooper et al. 2018 [25] AICEA Patella 2.0 0.65 0.28 154 e e o
Csapo et al. 2021 [71] AICEA Mx 2.0 3.30 0.41 26.37 }
Fleming et al. 2013 [5] AICRA Mx 3.0 1.82 0.32 10.47 }
Gifstad et al. 2014 [19] AIC&A Mx 5.0 112 1.00 1.25 3
Grassi et al. 2020 [11] AIC&A Hamstring 10.0 1.07 0.21 5.46 —
Gupta et al. 2020 [30] AICEA Patella 10.0 1.75 021 14.83 }
Henle et al. 2018 [6] AIC&A LARS 25 0.83 031 221 —_—
Henle et al. 2018 [7] AIC&A LARS 20 0.38 0.10 151 }
Ifran et al. 2020 [31] AICEA Mx 7.0 1.20 054 2.62 —_f
Kaeding et al. 2017 [1] AICRA Mx 2.0 0.87 059 1.28 -+
Kajatenak et al. 2017 [8] AIC&A Hamstring 22 117 0.47 2.89 —_—r
Kamien et al. 2013 [26] AICEA Hamstring 2.0 0.76 0.36 157 —
Kim et al. 2020 [32] AIC&A NR 4.1 247 0.89 6.86 +—
King et al. 2020 [2] A/CEA Mx 24 073 0.30 177 —_—
Krismer et al. 2017 [9] AICEA LARS 2.0 0.64 0.27 155 —
Laboute et al. 2010 [34] AIC&A Mx 35 0.86 0.31 2.38 —_—
Larson et al. 2017 [72] AIC&A Mx 6.0 1.07 0.43 2.67 b
Leys et al. 2013 [13] A/CEA Mx 15.0 031 0.11 0.89 —_—t
Lord et al. 2020 [66] AIC&A Hamstring 2.0 1.09 0.78 151 -
Magnussen et al. 2012 [21] AICRA Hamstring 1.2 1.86 0.70 4.96 ———
Maletis et al. 2015 [35] AIC&A Mx 24 1.08 0.88 1.32 T
Mardani-Kivi et al. 2019 [27] AICEA Hamsting 6.5 2.18 1.05 451 ——
McPherson et al. 2019 [50] AIC&A Mx 20 0.76 0.35 1.66 —
Mohtadi et al. 2016 [73] AIC&A Mx 2.0 0.50 0.17 1.46 e e
Patemo et al. 2012 [74] AIC&A NR 1.0 211 0.22 20.12 }
Perkins et al. 2019 [75] A/CEA Hamsting 2.0 0.97 053 175 ——
Pinczewski et al. 2007 [76] AIC&A Mx 10.0 1.86 0.87 3.96 T+
poston et al. 2007 [37] A/CEA Mx 2.0 1.39 0.24 8.05 —_—
Rahardja et al. 2020 [14] AICEA NR 1.9 059 0.45 0.77 -+
Riff et al. 2017 [39] AIC&A Mx 15.7 115 0.87 152 +
Rosenstiel et al. 2019 [77] AIC&A Hamstring 3.9 7.42 0.73 75.90 }
Runer et al. 2020 [12] AIC&A Mx 2.0 0.54 0.26 112 —
Salmon et al. 2005 [55] AIC&A Mx 5.0 0.48 0.22 1.03 —+]
Salmon et al. 2006 [78] AIC&A Patella 13.0 121 0.27 5.39 —_—
Sanders et al. 2017[79] AIC&A Mx 10.0 0.92 0.56 1.49 —-
Schlumberger et al. 2017 [80] AIC&A Mx 5.0 0.44 0.25 0.78 —_—
Shelboume et al. 2009 [16] AIC&A Patella 5.0 117 0.70 197 —4—
Sousa et al. 2017 [81] AICEA Mx 4.0 1.90 117 3.09 —t—
Tagesson et al. 2016 [10] AIC&A Hamstring 50 0.88 0.06 12.97 }
Thompson et al. 2015 [17] AICEA Patella 20.0 013 0.02 1.10 }
Van Ecket al. 2012 [41] AIC&A Hamstring 25 0.77 0.34 175 ——
Wasserstein et al. 2013 [22] AIC&A NR 5.2 131 1.05 1.63 H
Webb et al. 2013 [48] AICEA Hamstring  15.0 1.28 0.59 2.78 —H—
Webster et al. 2014 [23] AICEA NR 48 0.70 0.29 1.70 —
Webster et al. 2021 [82] AIC&A Hamstring 2.0 0.40 0.19 0.85 —
Wright et al. 2007 [83] A/CEA Mx 2.0 0.18 0.02 154 }
Yabroudi et al. 2016 [18] AICEA NR 34 0.54 0.25 115 —
Bayomy et al. 2019 [84] C&A Hamstring 2.8 1.16 0.19 6.97 —_—
Bram et al. 2020 [62] C&A NR 4.3 0.55 0.30 1.00 —
Cruzet al. 2015 [85] C&A Mx 1.8 1.00 0.44 229 -
Ellis et al. 2012 [86] C&A Patella 4-11 0.42 0.09 2.03 }
Engelman et al. 2014 [87] C&A Hamstring 4.2 0.94 041 217 —H—
Fones et al. 2020 [59] C&A Mx 4.0 0.57 0.13 2.49 s e
Ghosh et al. 2020 [63] C&A Hamstring 2.0 0.60 0.20 1.82 e e
Graziano et al. 2017 [80] C&A Hamstring NR 0.82 0.08 8.75 t
Heath et al. 2019 [64] C&A Hamstring 45 0.84 0.44 1.61 —
Ho et al. 2018 [89] C&A Mx 1.0 1.05 0.60 1.84 e
Larson et al. 2016 [90] C&A Mx 4.0 3.69 0.36 37.86 }
Morgan et al. 2016 [60] C&A Mx 16.5 0.56 0.27 115 ——
Raucket al. 2021 [91] C&A Patella 3.8 1.20 0.11 12.54 u
Salmon et al. [15] C&A Hamstring 19.7 0.38 0.10 1.50 }
Scmale et al. 2014[92] C&A Mix 4.0 0.75 0.06 8.83 }
Wall et al. 2017 [93] C&A Hamsting 3.6 350 0.24 51.46 }
Webster et al. 2021 [94] C&A Mx 34 0.46 0.26 0.81 —_—
0.88 0.79 0.98
0.01 0.1 1 10 100
Women Men

12 statistics: 42%
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Figure 10. Meta-analysis on the association between sex and graft (graft ruptures n = 4817, controls n =
128 377). NR = not reported, Mix = mix of different grafts, LARS = Ligament Advanced Reinforcement
System, A = adults, C&A = children/adults, Follow-up = years.

BMI

Author & year Population Graft BM Followup Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper
ratio limit limit

Grassi et al. 2020 [11] ACEA Hamstring >25< 100 137 0.27 6.95 }
Mardani-Kivi et al. 2019[27]  A/C8A Hamstring >5< 65 232 109 4.93 }
Pullen et al. 2016 [33] ACEA NR >25< 7.0 0.69 055 0.83 —_t—

122 048 31
Cruzet al. 2017 [85] CE&A Mx Continuous 1.8 170 055 526 }
Filbay et al. 2017 [4] ACEA Mx Continuous 5.0 030 0.05 183 }
Henle et al. 2018 [6] ACEA LARS Continuous 25 106 091 124 =
Ifran et al. 2020 [31] ACEA Mx Continuous 2.0 097 0.89 105
Kaeding et al. 2017 [1] ACEA Mx Continuous 2.0 0.54 0.46 0.62 -+
Kim et al. 2020 [32] ACEA NR Continuous 4.1 177 084 373 }
Krismer et al. 2017 [9] ACEA LARS Continuous 2.0 110 052 2.33 }
Maletis et al. 2015 [35] ACEA Mx Continuous 2.4 0.9 039 234
Perkins et al. 2019 [75] CE&A Hamstring  Continuous 2.0 0.62 0.36 107 }
Pullen et al. 2016 [33] ACEA NR Continuous 7.0 091 0.79 1.06 -+
Van Eck et al. 2012 [41] ACEA Hamstring ~ Continuous 2.5 0.47 022 0.98 }
Yabroudi et al. 2016 [18] ACEA NR Continuous 3.4 0.9 0.86 1.07 -+

0.87 0.73 103 :

0.1 0.2 0.5 1 2 5 10
12 statistics
>25<: 78%, continuous: 83% Higher BMI Lower BMI

Figure 11. Meta-analysis on the association between Body Mass Index (BMI) and graft rupture. 225 vs.
<25 (graft ruptures n = 664, controls n = 17595), continuous: (graft ruptures n = 1740, controls n =
62038). NR = not reported, Mix = mix of different grafts, LARS = Ligament Advanced Reinforcement
System, A = adults, C&A = children/adolescents, Follow-up = years.
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Smoking status

Author & year

Filbay et al. 2017 [4]
Grassi et al. 2020 [11]
Henle et al. 2018 [6]
Kaeding et al. 2017 [1]
Pullen et al. 2016 [38]

12 statistics: 74%

Population

AIC&A
AIC&A
AC&A
AIC&A

Graft

Mix
Hamstring
LARS

Mix

NR

Follow-up

5.0
10.0
25
2.0
7.0

Odds
ratio

0.88
1.37
121
0.31
0.90
0.77

Lower
limit
0.09
0.32
0.48
0.15
0.76
0.45

Statistics for each study

Upper
limit
8.77
5.87
3.09
0.65
1.06
1.31

QOdds ratio and 95% ClI

0.01 0.1 1 10

Non-smokers Smokers

100

Figure 12. Meta-analysis on the association between smoking status and graft rupture (graft ruptures n =
741, controls n = 9969). NR = not reported, Mix = mix of different grafts, LARS = Ligament Advanced
Reinforcement System, A = adults, C&A = children/adolescents, Follow-up = years.

Injury mechanism

Author & year

King et al. 2020 [2]

Laboute et al. 2010 [34]
Salmon et al. 2005 [55]
Webster et al. 2014 [23]

12 statistics: 53%

Population

AIC&A
AIC&A
AIC&A
AIC&A

Graft

Mix
Mix
Mix
Mix

Follow-up

2.4
3.5
5.0
5.0

Statistics for each study

Odds
ratio

1.29
0.38
3.48
3.24
1.70

Lower
limit
0.68
0.11
1.79
1.44
0.75

Upper
limit
2.47
131
6.79
7.28
3.87

Odds ratio and 95% CI

01 02 05 1 2 5

Non-contact Contact

10

Figure 13. Meta-analysis on the association between injury mechanism and graft rupture (graft ruptures
n =123, controls n = 2647). Mix = mix of different grafts, A = adults, C&A = children/adolescents, Follow-

up = years.



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

Hager, Umea University

Medial tibial slope

Author & year Population
Digiacomo et al. 2018 [43] AIC&A
Grassi et al. 2019 [44] AIC&A
Grassi et al. 2021 [95] C&A
Grassi et al. 2021 [95] C&A
Grassi et al. 2021 [95] C&A
Jaecker et al. 2018 [45] AIC&A
Kajetanek et al. 2017 [8] AIC&A
Kim et al. 2020 [32] AIC&A
Lee etal. 2018 [96] A
Suetal. 2020 [97] AICEA
Suetal. 2020 [97] ACEA
Suetal. 2020 [97] AICEA

12 statistics: 67%

Graft

NR
Hamstring
Hamstring
Hamstring
Hamstring
Mix
Hamstring
NR
NR
NR
NR
NR

Tibial slope

Medial (PTS)
Medial (PTS)
Medial (ATS)
Medial (CTS)
Medial (PTS)
Medial (PTS)
Medial (PTS)
Medial (PTS)
Medial (PTS)
Medial (ATS)
Medial (CTS)
Medial (PTS)

Follow-up

4.0
3.0
>2

>2

>2

NR
22
4.1
31
NR
NR
NR

Odds
ratio
1.38
6.04
0.45
0.61
0.55
2.99
0.25
0.74
231
1.00
131
153
131

Statistics for each study
Lower Upper
limit limit
0.36 5.30
2.68 13.61
0.05 4.00
0.07 531
0.06 4.80
1.56 572
0.08 0.78
0.35 1.55
1.22 4.37
0.31 3.19
041 4.18
0.48 4.92
0.76 224

0.01

Qdds ratio and 95% ClI

I
i

0.1

—+
—H-

—+
H—

-

10 100

Lower tibial slope Greater tibial slope

Figure 14. Meta-analysis on the association between medial tibial slope and graft rupture (graft ruptures
n =123, controls n = 2647). NR = not reported, Mix = mix of different grafts, PTS = posterior tibial slope,
ATS = anterior tibial slope, CTS = central tibial slope, A = adults, C&A = children/adolescents, Follow-up =

years.
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General joint laxity

Author & year Population  Graft Follow-up Statistics for each study Qdds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
Akhtar et al. 2016 [98] A/C&A Mix 4.0 9.50 2.80 32.18
Larson et al. 2017 [72] A/C&A Mix 16.0 1.04 0.27 3.98
3.20 0.37 27.93 | |
0.01 0.1 1 10 100
2 statistics: 82% Decreased laxity Increased laxity

Figure 15. Meta-analysis on the association between general joint laxity and graft rupture (graft ruptures

n =57, controls n = 309). Mix = mix of different grafts, A = adults, C&A = children/adolescents, Follow-up
= years.

Number of physical therapy visits

Author & year Population Graft Follow-up Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit
Filbay et al. 2017 [4] A Mix 5.0 1.85 0.30 11.32 —
Vincent et al. 2017 [99] AIC&A Patella 5.0 0.93 0.24 3.55 —_—
1.19 0.40 3.48

001 01 1 10 100

Fewer visits More visits
12 statistics: <0.001%

Figure 16. Meta-analysis on the association between the number of physical therapy visits and graft

rupture (graft ruptures n = 13, controls n = 142). A = adults, C&A = children/adolescents, Mix = mix of
different grafts, Follow-up = years.
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Timing of return to sport

Author & year Population  Graft Follow-up Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
Shelbourne et al. 2009 [16] A/C&A Patella 5.0 1.16 0.69 1.95 ‘ ‘ i
Sousa et al. 2017 [81] A/C&A Mix 4.0 0.82 0.17 3.96 i
1.12 0.68 1.83 ‘ ‘
I
01 02 05 1 2 5 10
2 statistics: <0.001% RTS >6 months  RTS < 6 months

Figure 17. Meta-analysis on the association between timing of return to sport (RTS) and graft rupture
(>6< months) (graft ruptures n = 71, controls n = 1467). A = adults, C&A = children/adolescents, Mix =
mix of different graft, Follow-up = years.

Soccer vs. other sports

Author & year Population  Graft Follow-up Statistics for each study QOdds ratio and 95% CI

Odds Lower Upper

ratio limit limit
Allen et al. 2016 [52] AIC&A Mix 5.7 11.13 1.39 88.84
Gifstad et al. 2014 [19] AIC&A Mix 5.0 1.12 1.00 1.27 d
Kaeding et al. 2017 [1] AIC&A Mix 2.0 1.57 0.92 2.67 =
Kyritsis et al. 2016 [33] AIC&A Mix 2.0 0.60 0.22 1.63 —
Rosenstiel et al. 2019 [77] A/C&A Hamstring 3.9 3.83 0.38 38.75 i

1.32 0.82 2.15 \
0.01 0.1 1 10 100

2 statistics: 54% Other sports Soccer

Figure 18. Meta-analysis on the association between playing soccer and graft rupture (graft ruptures n
1248, controls n = 43422). A = adults, C&A = children/adolescents, Mix = mix of different grafts, Follow-
up = years.
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Hop performance

Author & year Population

Féltstrom et al. 2021 [100] A/C&A
King et al. 2021 [49] AIC&A
Kyritsis et al. 2016 [33] AIC&A
Webster et al. 2019 [101] A/C&A

Kyritsis et al. 2016 [33] AIC&A
Webster et al. 2019 [101] A/C&A

12 statistics
SLHD: 24%
THD: <0.001%

Graft

NR
Mix
Mix

Hamstring

Mix

Hamstring

Task

SLHD
SLHD
SLHD
SLHD

THD
THD

Follow-up Statistics for each study Qdds ratio and 95% Cl
Odds Lower Upper
ratio limit limit
2.0 0.63 0.27 1.50 }
2.0 0.99 0.45 2.18
2.0 1.86 0.86 4.00 -—h—
5.0 0.84 0.48 1.47 :
0.99 0.65 1.50
2.0 1.32 0.61 2.82 p—
5.0 1.08 0.62 1.87
1.15 0.74 1.81 .
0.1 0.2 0.5 1 2 5 10
Worse hop performance Better hop performance

Figure 19. Meta-analysis on the association between hop performance and graft rupture (SLHD: graft
ruptures n = 128, controls n = 571, THD, respectively: graft ruptures n = 76, controls n = 366). A = adults,
C&A = children/adolescents, Mix = mix of different grafts, SLHD = single leg hop for distance, THD = Triple

hop for distance. Follow-up = years.

Muscle strength

Author & year Population
King et al. 2021 [49] AIC&A

Kyritsis etal. 2016 [33] ~ A/C&A

King et al. 2021 [49] AICRA
Kyritsis etal. 2016 [33]  A/C&A

12 statistics: <0.001%

Graft Muscle

Mix Hamstring

Mix Hamstring

Mix Q-ceps

Mix Q-ceps

Follow-up Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
2.0 0.74 0.34 1.64 }
25 0.47 0.22 1.01 4
0.59 0.34 1.02
2.0 0.91 041 2.02 {
25 1.20 0.56 2,58 }
1.05 0.61 1.83 :
01 02 0.5 1 2 5 10
Higher strength lower strength

Figure 20. Meta-analysis on the association between muscle strength and graft rupture (Quadriseps (Q-
ceps) & hamstring strength, respectively: graft ruptures n = 57, controls n = 163)
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Knee abduction

Author & year Population  Graft Follow-up Statistics for each study QOdds ratio and 95% CI

Odds Lower Upper

ratio limit limit
Krosshaug et al. 2016 [102] A/C&A NR 1-7 1.13 0.19 6.73 ——
Poston et al. 2021 [37] AIC&A Hamstring 2.0 0.30 0.07 1.30 -

0.53 0.15 191
0.01 0.1 1 10 100
12 statistics: 21% Lower knee abduction Greater knee abduction

Figure 21. Meta-analysis on the association between knee abduction and graft rupture (graft ruptures n
=11, controls n = 655). A = adults, C&A = children/adolescents, NR = not reported, Follow-up = years.

Concomitant meniscal tear

Author & year Population  Graft  Injury Follow-up Statistics for each study QOdds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
Fleming et al. 2013 [5] AICEA Mix Meniscal tear 3.0 1.08 0.21 5.66 —————
Gifstad et al. 2014 [19] AICEA Mix Meniscal tear 5.0 101 0.90 114 }
Kaeding et al. 2017 [1] AC Mix L meniscal tear 2.0 0.94 0.63 1.40 -+
Kimet al. 2020 [32] AICEA NR L meniscal tear 4.1 2.46 1.04 581 ——
Krismer et al. 2017 [9] ACE&A LARS  Meniscal tear 20 153 0.57 4.05 —_———
Lord et al. 2020 [66] ACEA Mix L meniscal tear 2.0 1.19 0.82 1.72 -
Rahadja etal. 2014 [14]  A/CEA NR Meniscal tear 1.9 1.02 0.77 1.36 -
Salmon et al. 2005 [55] ACE&A Mix Meniscal tear 50 213 0.88 5.18 T
1.07 0.94 122 )
Britt et al. 2020 [58] C&A Mix Meniscal tear 34 0.17 0.02 1.44 }
Fones et al. 2020 [59] C&A Mix Meniscal tear 4.0 154 0.35 6.70 ——
0.59 0.07 5.06 < Q
Overall 1.07 0.94 122 ]
0.01 0.1 1 10 100
No meniscal tear Meniscal tear

12 statistics: 17%
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Figure 22. Meta-analysis on the association concomitant meniscal tear and graft rupture (graft ruptures
n = 1799, controls n = 59841). A = adults, C&A = children/adolescents, NR = not reported, Mix = mix of
different grafts, LARS = Ligament Advanced Reinforcement System, L = lateral, Follow-up = years. Blue
color = sub group total, pink color = overall, irrespective of subgroup

Concomitant meniscal repair

Author & year Population  Graft  Injury Follow-up Statistics for each study Odds ratio and 95% ClI

Odds Lower Upper

ratio limit limit
Lord et al. 2020 [66] AIC&A Mix L meniscal repair 2.0 1.64 0.83 3.27 T
Cruz et al. 2017 [85] AIC&A Mix Meniscal repair 1.8 1.24 0.61 2.52 -t
King et al. 2020 [2] A/C&RA Mix Meniscal repair 2.4 0.61 0.08 4.60 p—
Pullen et al. 2016 [38] A/C&A NR Meniscal repair 7.0 0.69 0.53 0.90 -+

1.00 0.60 1.66
0.01 0.1 1 10 100
No meniscal repair Meniscal repair

12 statistics: 56%

Figure 23. Meta-analysis on the association between concomitant meniscal repair and graft rupture
(graft ruptures n = 776, controls n = 22404). A = adults, C&A = children/adolescents, Mix = mix of
different grafts, L = lateral, Follow-up = years.
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Concomitant meniscectomy

Author & year

Akada et al. 2019 [103]
Bourke et al. 2012 [54]
King et al. 2020 [2]
Lord 2020 [66]

Salmon et al. 2005 [55]
Salmon et al. 2006 [78]

Cruz et al. 2017 [85]
Morgan et al. 2016 [60]
Perkins et al. 2019 [75]

12 statistics: <0.001%

Population

AIC&A
AIC&A
AIC&A
AIC&A
AIC&A
AIC&A

C&A
C&A
C&A

Graft

Hamstring
Mix
Mix
Mix
Mix
Mix

Mix
Mix

Hamstring

Injury

Meniscectomy
Meniscectomy
Meniscectomy
L Meniscectomy
Meniscectomy

Meniscectomy

Meniscectomy
Meniscectomy

Meniscectomy

Follow-up Statistics for each study

Odds Lower Upper

ratio limit limit
2.0 1.14 0.23 5.73
16.0 1.12 0.68 1.83
2.4 1.32 0.39 4.45
2.0 1.12 0.73 1.72
5.0 1.35 0.70 2.58
13.0 6.00 0.99 36.50
121 0.92 1.60
1.8 1.18 0.58 241
16.5 0.92 0.43 1.96
2.0 1.07 0.57 2.02
1.06 0.71 1.58
Overall 1.16 0.93 1.46

0.01 0.1

Odds ratio and 95% ClI

-|-T-i-T'|'

trte

[N

10 100

No meniscectomy Meniscectomy

Figure 24. Meta-analysis on the association between concomitant meniscectomy and graft rupture (graft
ruptures n = 373, controls n = 8906). A = adults, C&A = children/adolescents, Mix = mix of different
grafts, Follow-up = years, L = lateral. Blue color = sub group total, pink color = Overall, irrespective of

subgroup

Concomitant MCL injury

Author & year

Gifstad et al. 2014 [19]

Krismer et al. 2017 [9]

12 statistics: 42%

Population  Graft Injury
A/C&A Mix MCL
AIC&A LARS  MCL

Follow-up Statistics for each study
Odds Lower Upper
ratio limit limit
5.0 0.92 0.64 1.33
2.0 2.09 0.65 6.67
1.14 0.56 231

Odds ratio and 95% CI

01 02 05 1 2 5 10

No MCL injury MCL injury

Figure 25. Meta-analysis on the association between concomitant medial collateral ligament (MCL) injury
and graft rupture (graft ruptures n = 1223, controls n = 44443). A = adults, C&A = children/adolescents,
Mix = mix of different grafts, Follow-up = years.
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Femoral condyle ratio

Author & year Population  Graft Follow-up Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit
Grassi et al. 2019 [44]  A/C&A Hamstring 3.0 1.69 0.78 3.66 -1
Pfeiffer et al. 2018 [104] A/C&A NR 4.4 0.91 0.48 1.72 —
1.19 0.65 2.19

01 0.2 05 1 2 5 10

Increased ratio  decreased ratio
12 statistics: 33%

Figure 26. Meta-analysis on the association between femoral condyle ratio and graft rupture (graft

ruptures n = 65, controls n = 352). A = adults, C&A = children/adolescents, NR = not reported, Follow-up
= years.
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Sex — sub group analysis age

Author & year Population  Graft Follow-up Statistics for each study Qdds ratio and 95% CI
Odds Lower Upper
ratio limit limit

Borton et al. 2018 [67] A Hamstring 4.0 1.56 0.44 5.47 ——
Lee et al. 2017 [68] A Mix 25 1.07 0.11 10.97
Pullen et al. 2016 [38] A NR 7.0 0.89 0.71 112 -+
Salmon et al. 2018 [15] A Hamstring 19.7 0.98 0.40 241 ——
Shelbourne et al. 1998 [69] A Patella NR 0.85 0.30 2.45 o —
Tulloch et al. 2019 [70] A LARS 7.8 0.96 0.30 3.07 ——

0.91 0.74 1.13
Bayomy et al. 2019 [84] C&A Hamstring 2.8 1.16 0.19 6.97 ——
Bram et al. 2020 [62] C&A NR 43 0.55 0.30 1.00 ——
Cruz et al. 2015 [85] C&A Mix 1.8 1.00 0.44 2.29 ——
Eliis et al. 2012 [86] C&A Patella 411 0.42 0.09 2.03 }
Engelman et al. 2014 [87] C&A Hamstring 4.2 0.94 0.41 217 ——
Fones et al. 2020 [59] C&A Mix 4.0 0.57 0.13 2.49 ———
Ghosh et al. 2020 [63] C&A Hamstring 2.0 0.60 0.20 1.82 ——
Graziano et al. 2017 [80] C&A Hamstring  NR 0.82 0.08 8.75 }
Heath et al. 2019 [64] C&A Hamstring 4.5 0.84 0.44 1.61 ——
Ho et al. 2018 [89] C&A Mix 1.0 1.05 0.60 1.84 e
Larson et al. 2016 [90] C&A Mix 4.0 3.69 0.36 37.86 }
Morgan et al. 2016 [60] C&A Mix 16.5 0.56 0.27 1.15 —_—
Rauck et al. 2021 [91] C&A Patella 3.8 1.20 0.11 12.54 }
Salmon et al. [15] C&A Hamstring 19.7 0.38 0.10 1.50 }
Scmale et al. 2014 [92] C&A Mix 4.0 0.75 0.06 8.83 }
Wall et al. 2017 [93] C&A Hamstring 3.6 3.50 0.24 51.46 }
Webster et al. 2021 [94] C&A Mix 34 0.46 0.26 0.81 ——

0.71 0.57 0.89

0.01 0.1 1 10 100
I2 statistics: <0.001% Women Men

Figure 27. Meta-analysis on the association between sex and graft rupture in the sub groups of adults (A)
and children/adolescents (C&A), respectively (graft ruptures n = 1018, controls n = 18 379). Mix = mix of
different grafts, LARS = Ligament Advanced Reinforcement System, NR = not reported, Follow-up = years.
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Age — sub group analysis children/adolescents

Author & year Graft Age Follow-up Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit
Heath et al. 2018 [64] Hamstring ~ >14< 45 0.54 0.26 112 ——
Larson et al. 2016 [90] Mix >14< 4.0 1.63 0.23 11.46 }
Morganetal. 2016 [60]  Mix >14< 16.5 1.86 0.68 5.04 e
1.03 0.40 2.60
Cruz et al. 2017 [85] Mix Continuous 1.8 1.70 0.55 5.25 o ]
Ho et al. 2018 [89] Mix Continuous  NR 0.71 0.43 119 —t
Perkins et al. 2019 [79] Hamstring  Continuous 2.0 0.61 0.35 1.04 —
Ranade et al. 2018 [105] Hamstring  Continuous 4.0 1.49 0.47 4.71 }
0.81 0.54 1.22 |
0.01 0.1 1 10 100
12 statistics
>14<: 53% Older Younger

Continuous: <0.001%

Figure 28. Meta-analysis on the association between age and graft rupture in the sub group of
children/adolescents (C&A) (>14<; graft ruptures n = 149, controls n = 519, continuous; graft ruptures n =
116, controls n = 913). Mix = mix of different grafts, NR = not reported, Follow-up = years.

BMI — sub group analysis children/adolescents

Author & year Population  Graft BMI Follow-up  Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit
Cruz et al. 2017 [85] C&A Mix Continuous 1.8 1.70 0.55 5.26 —
Perkins et al. 2019 [75] C&A Hamstring Continuous 2.0 0.62 0.36 1.07 r
0.91 0.35 2.33

01 0.2 05 1 2 5 10

12 statistics: 59% Higher BMI Lower BMI
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Figure 29. Meta-analysis on the association between BMI and graft rupture in the sub group of
children/adolescents (C&A) (graft ruptures n = 62, controls n = 344). Mix = mix of different grafts, Follow-
up = years.

Growth plate status

Author & year Population  Graft Follow-up Statistics for each study QOdds ratio and 95% CI
Odds Lower Upper
ratio limit limit
Heath et al. 2019 [64] C&A Hamstring 4.5 0.67 0.35 1.27 =
Ho et al. 2018 [89] C&A Mix 1.0 1.62 0.86 3.08 =
1.04 0.44 2.48

01 02 05 1 2 5 10

Closed Open

12 statistics: 72%

Figure 30. Meta-analysis on the association between growth plate status and graft rupture in the sub
group of children/adolescents (C&A) (graft ruptures n = 113, controls n = 746). Mix = mix of
different grafts, Follow-up = years.
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