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The following content was supplied by the authors as supporting material and 
has not been copy-edited or verified by JBJS. 

Appendix I: Search Strategy 

 

Medline: 2124 studies Embase: 4547 studies PubMed: 6629 studies 

Strategy Strategy Strategy 

1. 'anterior cruciate ligament' 
OR ACL 

1.'anterior cruciate ligament' 
OR ACL 

((anterior cruciate ligament OR 
ACL) AND (injury OR tear OR 
sprain)) AND (((((((((((((((risk 
factor) OR tibial spine) OR 
notch) OR patellofemoral) OR 
condyle) OR wedge angle) OR 
slope) OR hip) OR 
femoroacetabular 
impingement) OR alignment) 
OR limb length discrepancy) OR 
ankle) OR anatomic) OR pivot 
shift) OR morphology) 

2. injury OR tear OR sprain 2. injury OR tear OR sprain   

3.  'risk factor' OR 'tibial spine' 
OR notch OR patellofemoral OR 
condyle OR 'wedge angle' OR 
slope OR hip OR 
'femoroacetabular 
impingement' OR alignment OR 
'limb length discrepancy' OR 
ankle OR anatomic OR 'pivot 
shift' OR morphology 

3.  'risk factor' OR 'tibial spine' 
OR notch OR patellofemoral 
OR condyle OR 'wedge angle' 
OR slope OR hip OR 
'femoroacetabular 
impingement' OR alignment 
OR 'limb length discrepancy' 
OR ankle OR anatomic OR 
'pivot shift' OR morphology 

  

4. 1 and 2 4. 1 and 2   

5. 3 and 4 5. 3 and 4   

 

 

Appendix II: Methodology—Justification for Synthesis and Against Meta-

Analysis 

 
Although we would have preferred to conduct analyses on the published estimates, we 

found that the data did not support meta-analyses. Consistent with Institute of Medicine 
Standards for systematic reviews and COSMOS-E guidance for systematic reviews of 
observational studies, our decision whether to pool the data was based on “study diversity, 
sensitivity, and risk of bias rather than solely on statistical measures of heterogeneity...”1,2  
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Specifically, the reasons for not pooling the data included  

• Important variation in the conceptual definitions of morphological factors that 
would not be addressed sufficiently by a random-effects model. For example, tibial 
slope has been represented both as the subchondral bone slope and as the slope of 
the articulating cartilage.  

• Insufficient number of odds ratios reported for specific morphological factors. In 
Appendix II, Table 2, for example, only two studies report an odds ratio. We do not 
think that meta-analysis of only two studies would be appropriate.  

• Variation in statistical methods. For example, the studies reporting multivariate 
analyses demonstrate substantial heterogeneity in the morphologies that are 
included in each multivariate model.  

 
Unfortunately, the quality and level of evidence of the available literature limits our 

ability to provide statistically pooled estimates of morphologies associated with an increased 
risk of ACL injury. Nevertheless, from the included studies, we can clearly identify several 
morphological risk factors (notch stenosis, increased tibial slope, and increased condylar offset) 
that are associated with increased risk of ACL injury. These morphologies merit further study 
and should be accounted for in future work, and so the present review adds substantial value 
to the literature, even in the absence of a meta-analysis. We hope that this review will prompt 
high quality, LOE 2 studies on this topic so that a rigorous, high quality meta-analysis can be 
performed in the future. 

 
All of the evidence was from observational studies, and the bulk were case-control studies. 
Since both case-control and cohort studies are appropriate study designs to address our 
question, we felt that it was appropriate to summarize the data across these designs.  
Specific reasons for our approach include:  

1) The LOE 2 studies do not necessarily address the same morphologies as LOE 3 studies 
2) Excluding the LOE 3 studies would omit many of the multivariable analyses that 

represent the highest quality data  
3) Prior orthopaedic systematic reviews, previously published in journals of a similar 

caliber3, have aggregated data across multiple levels of evidence when a meta-analysis 
was deemed inappropriate. Our approach is consistent with prior literature and 
accepted within the field.  

 
We hope that this study will illustrate that the quality and level of evidence of the literature 

is limiting our ability to conduct a meta-analysis and draw more statistically rigorous 
conclusions on this topic. 
 

We believe that this work will serve as the foundation for a renewed effort to produce high-
quality LOE 2 studies that can be included in a future meta-analysis. It is also our hope that this 
data will drive a consensus regarding a required minimum dataset for publication on this topic. 
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1. Institute of Medicine. Finding What Works in Health Care: Standards for Systematic 
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Appendix III: Tables 

 
Table 1. Characteristics of Included Studies 

Author Year Study Design 
AAOS      

Grade 

Total of 

ACL 

Injured 

Knees 

% Female 

Age                 

MeanSD          

(range)             

[95%CI]                  

Injury 

Mechanism 
Imaging 

MINORS 

Score 

(max 24) 

 

Al-Saeed   

2013 

Retrospective, 

case-control III 280 
Inj: 13%  

Int: 47%  

M:38a (20-60)    

F: 36a (22-58)  NR MRI 17 

Al-Moosawi 2010 

Retrospective, 

case-control III 114 NR (18-66) NR MRI 19 

Alentorn-Geli 2015 

Retrospective, 

case-control III 46 0% 

Inj: 33.1, 16-49               

Int: 33.7, 16-51 Non-contact MRI 18 

Anderson 1987 

Retrospective, 

case-control III 

Bil: 28 

(14 pts)      

Uni: 17 

Bil:42.9%  

Uni:41.2%     

Int: 41.2% 

Bil: 26        

Uni:23 NR CT 15 

Blanke 2016 

Retrospective, 

case-control III 80 61% 39.012.3b Non-contact MRI 21 

Bojicic 2017 

Retrospective, 

case-control III 76 
Inj: 47.4%     

Int: 50% 

Inj: 24.6±7.1            

Int: 26.5±8.3 NR MRI 19 

Bouras 2017 

Retrospective, 

case-control III 58 100% 

Inj: 29.9±5.3 

Int: 28.4±5.3 NR MRI 19 

Brandon 2006 

Retrospective, 

case-control III 100 
Inj: 34% 

Int:51% NR Non-contact XR 19 

Chaudhari 2009 

Cross 

sectional, 

case-control III 27 
Inj: 37%    

Int:37% 

Inj: 33.0                     

Int: 34.4 Non-contact MRI 22 

Chen 2016 

Retrospective, 

case-control III 38 
Inj: 73.7% 

Int: 58.5% 

Inj: 57.558.45     

Int: 56.689.03 NR MRI 18 

Chung 2011 

Cross 

sectional, case 

control III 28 
Inj: 10.71%      

Int: 20% 

Inj: 26 (18-39)      

Int: 28 (24-31) 

Sporting 

injuries XR 18 

Elmansori 2017 

Retrospective, 

case-control III 100 
Inj: 33%     

Int: 48% 

Inj: 33.7±10.8           

(18-63) 

Int: 43.6±15.9          

(18-86) NR MRI 22 

Evans 2012 

Prospective, 

case-control III 49 14.997% 18a, 17-19 Non-contact XR 17 

Everhart 2010 

Prospective, 

case-control III 27 37.04% NR Non-contact MRI 18 
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Fernandez-Jaen 2015 

Prospective, 

case-control III 308 
Inj: 27.27% 
Int: 36.94% 

Inj: 33.8 ± 12.5     

Int: 33.3 ± 11.1 Non-contact MRI 19 

Geng 2016 

Retrospective, 

case-control III 20 100% 41-65 NR MRI 18 

Good 1991 

Retrospective, 

case-control III 155 29.7% 

Chronic ACL 

inj: 24.95.6 
Acute ACL inj: 

25.25.5 NR Arth 15 

Gormeli 2015 

Retrospective, 

case-control III 

Bil: 36 

(18 pts)   

Uni: 38 NR1 

Inj: 29.99.3         

Int: 31.027.9 NR MRI 21 

Hashemi 2010 

Retrospective, 

case-control III 49 
Inj: 55.1%    

Int: 60% 

Inj: 32.6, 16-41   

Int: 13-64 NR MRI 21 

Hendrix 2017 

Retrospective, 

cohort II 

Bil: 100 

(50 pts)       

Uni: 50 

Bil: 54%      

Uni: 50%        

Int: 64% 

Bil: 20.4±8.4      

Uni: 23.3±11.1   

Int: 28.5±14.5 Non-contact XR 21 

Hertel 2004 

Retrospective, 

case control III 

Bil: 8    

(4 pts)       

Uni: 16 
Inj: 50%          

Int: 50% 

Inj: 20.4 ± 1.2                      

Int: 20.7 ± 1.4 NR NA 20 

Herzog 1994 

Prospective, 

case-control III 20 NR NR NR 

XR, 

MRI 21 

Hewett 2010 

Prospective, 

case-control III 2 100% 

Inj: 16            

Int: 15±1 Non-contact XR 18 

Hohmann 2011 

Retrospective, 

case-control III 272 
Inj: 26.8%    

Int: 26.8% 

Inj-M: 26, 16-54                

Int-M: 26.5, 15-

54                  

Inj-F: 29, 15-

46E                  

Int-F: 28, 16-46 Non-contact XR 23 

Hoshino 2012 

Retrospective, 

case control III 26 
Inj: 46.2%.  

Int: 50%  All: 3516 NR CT 16 

Houseworth 1987 

Retrospective, 

case-control III 50 NR 18-25 NR XR 14 

Hudek 2011 

Retrospective, 

case-control III 55 
Inj: 56.4%     

Int: 56.4% 

Inj M: 32±9        

Inj F: 3612      

Int M: 32 ± 8       

Int F: 37.0 ± 11 Noncontact MRI 19 

Keays 2016 

Cross-

sectional, 

case-control III 24 
Inj: 37.5%       

Int: 37.5% 

Inj: 27±5.4     

Int: 30.2±7.6 NR XR 21 

Kizilgoz 2018 

Retrospective, 

case-control III 86 40% 

29, 18-50 

Inj: 28, 20-50 

Int: 29, 18-39 NR MRI 20 

LaPrade 1994 

Prospective, 

case-control III 7 
Inj: 42.9%     

Int: NR NR 

6 Non-

contact, 1 

contact XR 15 

Lin 2005 

Prospective, 

case-control III 115 
Inj: 32.2%     

Int: 37.3% 

Inj:24.797.60,                                                                        

(16-40)           

Int:25.387.14,      

(15-40) NR XR 19 

Lombardo 2005 

Prospective, 

case-control III 14 0% NR 

13 Non 

contact, 1 

contact XR 18 
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Lopes 2016 

Cross-

sectional, 

case-control III 

Con: 35      

NC: 45 0% 

Con: 28.67.6     

NC: 27.87.3 

35 contact, 

45 non-

contact XR 21 

Loudon 1996 

Prospective, 

case-control III 20 100% 

Inj: 26.57.6 

(16-41)                 

Int: 26.27.8 

(16-41) Non-contact NA 16 

Lund-Hanssen 1994 

Retrospective, 

case-control III 20 100% 

Inj: 20, 17-28       

Int: 21, 16-27 NR XR 17 

Meister 1998 

Retrospective, 

case-control III 

Bil: 2    

(1 pt)         

Uni: 48 
Inj: 51.0%      

Int: 56.4% 

Inj: 26.5                  

Int: 28.3 Non-contact XR 16 

Miljko 2012 

Retrospective, 

case-control III 24 100% 

Inj: 21.007      

Int: 17.005 Non-contact MRI 17 

Ouyang 2016 

Prospective, 

case-control III 40 45% 

32.22.3      (20-

62) NR MRI 19 

Park 2012 

Retrospective, 

case-control III 120 
Inj: 36.7%       

Int: 33.0% 

Inj M: 37.9 (19-

50)                   

Inj F: 42.5  (20-

55)                         

Int M: 40.5 (17-

53)                      

Int F: 47.2  (21-

54)           

38 traffic 

accidents, 

23 soccer, 

15 

basketball, 

44 other MRI 17 

Pecina 2001 

Retrospective, 

case-control III 171 
Inj: 14%                

Int: 15.8% 

Inj: 28 (17-47) 

Int: 27.5 (17-45) NR XR 15 

Pedoia 2015 

Retrospective, 

case-control III 50 
Inj: 42%            

Int: 36.8% 

Inj: 29.68.2    

Int: 31.14.4 NR MRI 19 

Pfeiffer 2018 

Retrospective, 

case-control III 85 

Inj: 38% 

Cltl: 54% 

Int: 33% 

Inj: 27.4 ± 9.4 

Cltl: 27.2±11.1    

Int:  29.8±10.6 NR XR 21 

Rahnemai-Azar 2016 

Retrospective, 

case-control III 45 0% 

Inj: 20 ± 2     

Int: 20 ± 2 NR MRI 21 

Senisik 2011 

Cross-

sectional, 

case-control III 10 0% 22.73.5 non-contact XR 16 

Shelbourne 1998 

Prospective, 

cohort II 714 32.8% 

M: 25.7            

F: 21.7 NR XR 10/16 

Siebold 2010 

Retrospective, 

case-control III 37 NR NR NR 3D CT 17 

Simon 2010 

Cross-

sectional, 

case-control III 27 37.0% NR NR MRI 17 

Stein 2010 

Prospective, 

case-control III 23 
Inj: 22%                  

Int: 56% 

Inj: 57.510.8        

Int: 57.510.8 NR MRI 17 

Sturnick 2014 

Prospective, 

case-control III 88 
Inj: 69.3%         

Int: 69.3% NR Non-contact MRI 21 

Sturnick 2014 

Prospective, 

case-control III 88 
Inj: 69.3%        

Int: 69.3% NR Non-contact MRI 20 

Sturnick 2015 

Prospective, 

case-control III 88 
Inj: 69.3%         

Int: 69.3% NR Non-contact MRI 20 

Sun 2015 

Retrospective, 

cohort II 87 
All: 57.9%       

Inj: NR 20-59E2 NR XR 17 

Sundar 2016 

Retrospective, 

case-control III 199 
Inj: 14.6%         

Int: 51.7% 40 NR MRI 16 
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Teitz 1997 

Retrospective, 

case-control III 

Bil: 4    

(2 pts)     

Uni: 38 50% 

M: 39, 19-70          

F: 38.2, 19-71 Non contact XR 16 

Todd 2010 

Retrospective, 

case-control III 140 
Inj: 32.1%          

Int: 70.4% 

Inj: 24.97.9         

Int: 25.48.7 Non-contact XR 18 

Uhorchak 2003 

Prospective, 

cohort II 24 13.97% 18.4 (17-23) Non-contact XR 18 

van Diek 2014 

Retrospective, 

case-control III 45 46.6% 

Inj: 26.3           

Int: 41.3 NR MRI 19 

van Eck 2011 

Retrospective, 

case-control III 50 
Inj: 38%          

Int: 52% 

Inj: 2610.7         

Int: 39.914.5 NR MRI 20 

van Eck 2010 

Retrospective 

cohort II 102 45.1% 24 (14-66)SM NR Arth 11/16 

Vasta 2018 

Retrospective, 

case-control III 200 50% 

Inj M: 24.5±5.1 

Inj F: 23.6±4.3 

Int M: 24.4±4.8 

Int F: 24.3±4.7 NR XR 21 

Vrooijink 2011 

Retrospective, 

case-control III 45 
Inj: 40%             

Int: 50% 

Inj M: 27.7            

Int M: 40.7          

Inj F: 23.7           

Int F: 42.1 NR MRI 19 

Wahl 2012 

Retrospective, 

case-control III 

Bil: 86 

(43 pts) 

Uni: 69  

Bil: 48.8%              

Uni: 37.7%             

Int: 40.98% NR noncontact MRI 20 

Waiwaiole 2016 

Retrospective, 

case-control III 107 
Inj: 50%            

Int: 60% 

Inj: 279           

Int: 3614 NR MRI 18 

Webb 2013 

Prospective, 

case-control III 15 
All: 49.7% 

Cltl: NR Cltl: NR NR XR 16 

Whitney 2014 

Prospective, 

case-control III 88 69.3% NR non-contact MRI 20 

Wratten 2015 

Retrospective, 

case-control III 90 50% 

Inj M: 27.49.6       

Int M: 

32.811.4             

Inj F: 31.89.6              

Int F:35.113.2   

All: 16-50 NR MRI 19 

Xiao 2016 

Retrospective, 

case-control III 73 27.4% 

Inj: 28.28.6       

Int: 28.18.7 noncontact XR 19 

Zeng 2016 

Retrospective, 

case-control III 73 27.4% 

Inj: 28.28.6       

Int: 28.18.7 noncontact XR 22 

NR, Not Reported; NA, Not Applicable; Arth, arthroscopic measurement; M, Male; F, Female; Bil: bilateral injury; Uni: 

unilateral injury; Inj: ACL-injured; Int:  ACL-intact; Con: Contact; NC: Non-contact; Cltl: Contralateral injury  
a
Median; bStandard Error; EExcluded: females excluded from qualitative synthesis due to age; E2Excluded: Patients aged 0-9 and 

10-19 were excluded from qualitative synthesis; SMSkeletal maturity of patients explicitly stated 
1The number of females reported was inconsistent  

 
 
Table 2. Intercondylar Notch Shape, Notch Width, and Lateral Wall Angle 

Variable Author Year N torn     

[%]$ 

Injured    

(meanSD)      

[95%CI] 

N 

intact 

(%)$ 

Intact         

(meanSD)     

[95%CI] 

p-value OR 

[95%CI] 

Notch Shape 

Type A Al Saeed 2013 176 [73] NA 64 (27) NA <0.001 NR 
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Type A Bouras 2017 26 [61.9] NA 16 

(38.1) 

NA 0.02 

0.04Reg                    

2.3 [1.1-

4.9]Reg    

Type A Chen 2016 33 [55] NA 27 (45) NA 0.029 3.422 

 

Type A-Steep Keays 2016 12 [100] NA 0 NA NR NR 

Type A-Round Keays 2016 9 [40.9] NA 13 

(59.1) 

NA NR NR 

Type A Van Eck 2010 55 NA NA NA NR NR 

Type U Al Saeed 2013 100 [31.5] NA 216 

(68.5) 

NA <0.001 NR 

#1 (U Shaped) Anderson 1987 Bil: 2 (1pt) 

[7]                   

Uni: 1 [6] 

“narrowed”:  

1 [12] 

NA 3 (18) NA NR NR 

Type U Bouras 2017 26 [44.8] NA 43 

(70.5) 

 

NA NR NR 

Type U Chen 2016 5 [26] NA 14 (74) NA 0.029 NR 

Round Keays 2016 3 [21.4] NA 11 

(78.6) 

NA NR NR 

Type U Van Eck 2010 42 NA NA NA NR NR 

Type W Al Saeed 2013 4 [100] NA 0 (0) NA <0.001 NR 

Type W Bouras 2017 6 [75] 

 

NA 2 (25) 

 

NA NR NR 

Type W Van Eck 2010 5 NA NA NA NR NR 

Shape #2 Anderson 1987 Bil: 2 (1pt) 

[7]             

Uni: 3 [18] 

NA 2 (12) NA NR NR 

Shape #3 Anderson 1987 Bil: 4 (2pt) 

[28]            

Uni: 2 [12] 

NA 3 (18) NA NR NR 

Shape #4 Anderson 1987 Bil: 6 (3 pt) 

[43]           

Uni: 5 [29] 

NA 8 (47) NA NR NR 

#5 (Wave Shaped) Anderson 1987 Bil: 2 (1 pt) 

[14]           

Uni: 6 [35] 

NA 1 (6) NA NR NR 

Notch Shape Index 

(NSI) 

Ouyang 2016 40 0.5210.003 NR 0.5640.005 0.029 NR 
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NSI Geng 2016 F: 20 F: 0.550.05 F: 30 F: 0.630.10 P<0.05 NR 

Notch Width (mm) 

NW  (cm) Alentorn-Geli 2015 46 C: 1.8 [1.2-2.4]                

A: 1.9 [1.5-2.3] 

53 C: 1.9 [1.3-5.6]                   

A: 1.9 [1.5-5.6] 

C: 0.14                   

A: 0.72 

NR 

NW Bouras 2017 58 181.8 61 17.82.0 n.s                                 NR 

NW Evans 2012 M: 37               

F: 12 

M:18.1±3.1       

F: 14.8±2.3 

M:1397           

F: 241  

M:18.3±3.0           

F: 15.72.5 

n.s.                              

n.s. 

M-RR: 

0.8b          

F-RR: 

1.3b 

NW Hewett 2010 2 12 mm, 13 mm 72 152.7 NR NR 

NW Kizilgoz 2018 86 

M:54 

F: 32 

19.10.2                 

[18.7-19.5] 

M: 200.3 [19.4-

20.6] 

F:17.50.3 [16.9-

18.1] 

109 

M: 63 

F: 46 

20.10.2                    

[19.7-20.5] 

M: 20.80.2 

[20.4-21.2] 

F:19.10.2     

[18.7-19.5] 

0.001 

M: 0.029 

F: <0.001 

NR 

NW Lombardo 2005 14 23.43.9 291 23.54.1 0.921 NR 

NW Miljko 2012 24 18.502.05e 27 21.501.40e <0.001 NR 

NW Ouyang 2016 40 17.32.1 40 22.52.6 0.037 NR 

NW Park 2012 M: 76          

F: 44 
M: 17.372.12         

F: 15.761.70 

M: 71         

F: 35 
M:20.331.60           

F:18.521.56 

M: <0.001               

F: <0.001 

NR 

NW Rahnemai-

Azar 

2016 45 20.72.9 45 222.9 >0.05Reg 0.89 

[0.77-

1.02]Reg 

NW Shelbourne 1998 5.9%<15mm          

1.2%>16mm 

NR NA NA <0.01 NR 

NW Uhorchak 2003 24              

M:16                    

F: 8 

13.82.5, (9.0-

18.0)                 

M: 14.72.1, 

(11.0-18.0)           

F: 11.62.6, (9.0-

16.0)            

800            

M: 695        

F: 105 

17.53.0, (8.0-

27.0)                

M:17.83.0, 

8.0-27.0                       

F: 15.52.8, 

(9.0-24.0) 

<0.001                   

M: <0.001                 

F: <0.001 

NR 

NW van Diek 2014 45 22.0 43 22.0 n.s1                  NR 

NW van Eck 2011 50 Bottom:16.22.6   

Middle:14.72.6              

2/3H: 10.42.8 

NA NA NA NA 

NW Vrooijink 2011 M: 27                

F: 18 

M: 21.3                     

F: 21.8  

M: 22          

F: 22  

M: 23.0                 

F: 20.4          
M: n.s. 2 

F: n.s. 2 

 

NR 

Notch Width-AM, 

PR 

Herzog 1994 20 A:18.43.8             

C: 18.02.8           

20 A: 20.43.8          

C: 18.02.4 

n.s. NR 

Notch Width-PR Herzog 1994 20 A: 20.62.4             

C: 20.32.8 

20 A: 213.4             

C: 20.32.6 

n.s NR 

NW-2/3H, PR Herzog 1994 20 A: 16.13 20 A: 16.32.4 n.s. NR 
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NW-AO Everhart 2010 M: 17         

F: 10 
M:13.742.86   

F: 12.531.92 

M:17               

F: 10 
M:15.993.33     

F:15.291.5 

M:0.0294                

F: 0.0011 

NR                   

NW- AM, AO 

 

Herzog 1994 20 A: 17.83.8          

C: 14.62.2 

20 A: 193.1             

C: 13.83.2 

n.s. NR 

NW-2/3H,AO Herzog 1994 20 A: 15.22.9           

C: 12.61.9 

20 A: 14.83.2         

C: 12.52.1 

n.s. NR 

NW-AO Lund-Hanssen 1994 20 Inj, 20 

Cltl 
Inj:18.22.1        

Cltl: 16.72.0 

26 18.53.1                0.003c             

0.02d           

NR 

NW-Outlet Simon 2010 27 21.02.5 27 22.62.5 0.02 NR 

NW_Outlet Whitney 2014 88             

M: 27          

F: 61 

15.12.6                 

M: 16.42.7            

F: 14.62.5 

88            

M: 27        

F: 61 

16.72.3              

M: 18.02.4        

F: 16.12.0     

<0.01 Reg                           

M: <0.05 Reg                 

F: <0.01 Reg 

0.701 

[0.587-

0.838]Reg          

M: 0.722 

[0.528-

0.986]Reg                    

F: 0.692 

[0.557-

0.859]Reg 

NW_AA Whitney 2014 88             

M: 27          

F: 61 

18.42.1 

M: 19.42.1 

F: 18.01.9 

88             

M: 27          

F: 61 

19.72.3                 

M: 21.12.5          

F: 19.11.9 

<0.01 Reg                           

M: <0.05 Reg                 

F: <0.01 Reg 

0.714 

[0.595-

0.857]Reg         

M: 0.745 

[0.566-

0.979]Reg        

F: 0.693 

[0.544-

0.883]Reg              

NW_MA Whitney 2014 88             

M: 27          

F: 61 

20.02.3 

M: 21.02.3 

F: 19.52.2 

88             

M: 27          

F: 61 

20.82.5                 

M: 22.22.9  

F: 20.22.1 

<0.05Reg               

M: n.s.                

F: <0.05Reg 

0.815 

[0.697-

0.954]Reg                

M: 0.812 

[0.628-

1.051]Reg           

F: 0.817 

[0.670-

0.996]Reg 

Notch Width-PO Everhart 2010 M: 17         

F: 10 
M:22.361.95    

F:18.721.27 

M: 17      

F: 10 
M:23.342.66     

F: 21.091.85 

M: 0.116       

F: 0.0018 

NR 

NW-PO Lund-Hanssen 1994 20 Inj, 20 

Cltl 
Inj: 22.62.4        

Cltl: 21.81.9 

26 23.12.4 0.05d NR 

NW-Inlet Simon 2010 27 13.32.6 27 15.62.9 0.003 NR 

NW-inlet Whitney 2014 88              

M: 27          

F: 61 

22.52.7                    

M: 24.62.6            

F: 21.52.2 

88              

M: 27        

F: 61 

23.43.0              

M: 25.53.4          

F: 22.42.3 

<0.05Reg                  

M: n.s.Reg                

F: <0.05Reg     

0.878 

[0.777-

0.992]Reg           

M: 0.918 

[0.773-

1.090]Reg                          

F: 0.845 

[0.714-

0.999]Reg 
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NW, Group 1A 

(Chronic 

instability, < 2 yr 

from injury to 

measurement) 

Good 1991 34 16.82.9 NR NR P<0.05         

(vs. 2A & 2B) 

NR 

NW, Group 1B 

(Chronic 

instability, > 2 yr 

from injury to 

measurement) 

Good 1991 59 15.72.9 NR NR n.s. (vs. 1A) NR 

NW, Group 1A and 

1B 

Good 1991 93 16.13.0 NR NR P<0.001               

(vs. 2A & 2B) 

NR 

NW, Group 2A           

(Acute repair, 

isolated ACL tear) 

Good 1991 28 17.93.1 NR NR n.s. (vs. 2B) NR 

NW, Group 2B.          

(Acute repair, ACL 

tear+medial 

complex injury) 

Good 1991 34 18.22.3 NR 20.42.5 P<0.001                       

(vs. cadaveric 

controls) 

NR 

NW, Group 2A and 

2B 

Good 1991 62 18.12.7 NR 20.42.5 P<0.001              

(vs. cadaveric 

controls) 

NR 

N.E.W.(Axial) Vrooijink 2011 M: 27               

F: 18 

M: 21.9                    

F: 22.5 

M: 22      

F: 22 

M: 23.3                 

F: 21.5 
M: n.s.2                    

F: n.s. 2 

NR 

N.E.W.(Axial) Park 2012 M: 76          

F: 44 
M: 20.452.41        

F: 18.721.63 

M: 71        

F: 35 
M:21.362.42       

F:18.951.70 

M:0.026(n.s)2       

F: 0.561 

NR 

Notch Depth 

Intercondylar 

Depth-Axial 

Alentorn-Geli 2015 46 3.1 [2.3-3.9] 

 

53 3.1 [2.3-9.2]                           0.54                     NR 

Notch Depth Index 

(NDI) 

Geng 2016 F: 20 F: 0.520.04 F: 30 F: 0.520.05 n.s. NR 

Notch Height 

Intercondylar 

Depth-Coronal  

Alentorn-Geli 2015 46 C: 2.4 [1.8-3] 53 C: 2.4 [2-7.1] C: 0.69 NR 

Notch Height (cm) Anderson 1987 Bil: 14            

Uni: 17 

Bil: 1.91                

Uni: 2.03 

17 1.97 Bil: 0.503         

Uni: 0.450 

NR 

Intercondylar Angle (deg) 

Intercondylar 

Angle 

Alentorn-Geli 2015 46 C: 51.2 [35.5-

66.9] 

A: 46.5 [30-63] 

53 C: 60.1             

[41.7-177.9]                

A: 50.7 [37.2-

150] 

C: <0.001      

A: 0.008 

NR 

Notch Angle Anderson 1987 Bil: 14            

Uni: 17 

Bil: 45.4                

Uni: 48.6 

17 54.7 Bil: 0.0005       

Uni: 0.004 

NR 
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Notch Angle-AO, 

MRI 

Herzog 1994 20 C: 52.011.4 

A: 46.48.6 

20 C: 49.28.9 

A: 48.79 

n.s. NR 

Notch Angle-PR, 

MRI 

Herzog 1994 20 A: 45.710.9 20 A: 48.26.2 n.s. NR 

Notch Angle-XR Herzog 1994 20 57.114.7 20 62.26.2 n.s. NR 

Intercondylar 

Notch Angle 

Stein 2010 23 C: 48.08.1 

[43.5-52.4]              

A: 55.310.3 

[50.9-59.8] 

137 C: 52.211.2 

[50.4-54.1]                 

A: 58.510.8            

[56.7-60.3] 

C: 0.08             

A: 0.19 

NR 

Notch Width Angle 

(Intercondylar 

Angle in the Axial 

Plane) 

Kizilgoz 2018 86 

M: 54 

F: 32 

49.3                             

(41.3-52.4) 

M: 49.70.48       

[48.73-50.67]    

F: 49.3                    

(41.3-52.4)                  

109 

M: 63 

F: 46 

50.1                          

(44.9-53.7) 

M: 50.260.28          

[49.70-50.83] 

F: 50.1                           

(44.9-53.7) 

0.08 

M: 0.297 

F: 0.008 

NR 

Lateral Wall Angle (deg) 

Lateral Wall 

Angle-AO, MRI 

Herzog 1994 20 C: 28.36.7 

A: 17.67.1 

20 C: 25.85.2 

A: 18.77 

n.s. NR 

Lateral Wall 

Angle-PR, MRI 

Herzog 1994 20 A: 25.78.6 20 A: 224.4 n.s. NR 

Lateral Wall 

Angle-XR 

Herzog 1994 20 31.111.1 20 32.34.8 n.s. NR 

Inner Angle Miljko 2012 24 A: 75.00 [2] 27 A: 68.00 [3] <0.001 NR 

NW: Notch Width; C: coronal; A: axial; M: male; F: female; MF: males and females combined; RR: relative risk; 

Cltl: contralateral uninjured knee; 2/3H: two-thirds notch height; AM: Articular Margin; AO: Anterior Outlet; PO: 

Posterior Outlet; PR: Popliteal Recess; NW_AA: Notch width at the anterior attachment of the ACL to the femoral 

condyle; NW_MA: Notch width at the middle of the attachment of the ACL to the femoral condyle; N.E.W.: notch 

entrance width 

 
Chi-Square analysis; $Percentage reported for categorical variables; uUnadjusted; aAdjusted; bRelative Risk for 1 

SD ≤ mean; cInjured vs. Contralateral; dContralateral knee vs. Control; emedianSE; Regunivariate logistic regression 
1p<0.005 was considered significant; 2p<0.01 was considered significant 

 
 
Table 3. Notch Width Index, Intercondylar Ridge, Notch Height, Notch Area, and Notch 

Volume 

Notch Width Index         

Study Information  Injured ACL Intact ACL Significance 

Variable Name Authors N 
mean±SD        

(range) [95%CI] 
N 

mean±SD        
(range) [95%CI] 

OR  [95% CI] p value 

Measured at Maximum Notch Width 

Maximum notch 
width/condylar 
width 

Anderson 
Bil: 14            

Uni: 17 
Bil: 0.229 
Uni: 0.251 

17 0.266 NR 
Bil: 0.010 
Uni: 0.209 

Measured at Notch Apex 
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NW 2/3 NH/CW Anderson 
Bil: 14            

Uni: 17 
Bil: 0.196                   
Uni: 0.185 

17 0.207 NR 
Bil: 0.0267 
Uni: 0.021 

Measured at Popliteal Groove 

NWI Al Moosawi 114 A: 0.2960.0318 241 A: 0.3000.0311 NR 0.707 

NWI (>0.27) Al Saeed 
232 
(83%) 

NA 
152 
(34%E) 

NA NR n.s. 

NWI (<0.27) Al Saeed 48 (17%) NA 
128 
(46%) 

NA NR n.s.  

NWI Bouras 46 0.3±0.03 61 0.2±0.03 
U:1.2 [0.5-2.6] 
A: 0.7 [0.3-
1.8] 

NS 

NWI (Patients 
with OA) 

Chen 38 

C: 0.2370.018         
[0.231-0.243] 

A: 0.2580.011      
[0.255-0.262]                              

CAtt: 0.2400.019    

[0.234-0.246] 

41 

C: 0.2500.012            
[0.246-0.254] 

A: 0.2700.010            
[0.267-0.274]                               

CAtt: 0.2590.015       

[0.254-0.263] 

NR 

C: <0.001 
A: <0.001 

CAtt: <0.001 

Notch Width 
Ratio 

Chung 28 
0.26                   
(0.21-0.33) 

20 
0.29                 
(0.23-0.34) 

NR 0.02 

Intercondylar 
width-condylar 
width index  

Alentorn-Geli 46 
C: 0.23 [0.2-0.3]  
A: 0.25 [0.2-0.3] 

53 
C: 0.24 [0.2-0.7] A: 
0.25 [0.2-0.7] 

NR 
C: 0.17                
A: 0.47 

Notch width 
index 

Evans 49 
0.2 ± 0.02            
M: 0.2 ± 0.02        
F: 0.18 ± 0.03 

1638 
0.2 ± 0.03             
M: 0.2 ± 0.03         
F: 0.2 ± 0.03 

NR n.s. 

NWI (Patients 
with OA) 

Geng F: 20 F: 0.250.2 F: 30 F: 0.280.03 NR P<0.05 

NWI Gormeli 
Bil:18  
Uni:38 

Bil: 0.227± 0.008 
Uni: 0.245± 0.009 

53 0.272± 0.01 

Bil: 26.5       
[6.71-104.95] 
Uni: 3.23     
[2.23- 4.68] 

p<0.05Ω 

Notch Ratio-PR, 
MRI 

Herzog 20 
C: 0.287±0.04     
A: 0.282±0.03  

20 
C: 0.29±0.04         
A: 0.293±0.04 

NR 
C: n.s.                 
A: n.s. 

Notch ratio-XR Herzog 20 0.23±0.05  20 0.23±0.04 NR n.s. 
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Anterior NWI Keays 20 0.18 20 0.24 NR <0.001 

NWI Kizilgoz 
86 
M: 54 
F: 32 

0.2580.002            
[0.254-0.262] 
M: 0.259± 0.003       
[0.253-0.265]     
F: 0.257± 0.003       
[0.251-0.261] 

109 
M: 63 
F: 46 

0.2760.002               
[0.272-0.280] 
M: 0.274 ± 0.002        
[0.270-0.278]        
F: 0.280± 0.002             
[0.276-0.284] 

NR 
<0.001 
M: 0.001 
F: <0.001 

NWI LaPrade 
7           
M: 4       
F: 3 

0.193± 0.013 
(0.17-0.21)         
M: 0.188± 0.013 
F: 0.200± 0.010 

408 
0.243±0.039        
M: 0.244±0.036    
F: 0.238±0.037 

NR 
0.0008               
M: NR                 
F: NR 

NWI Lombardo 14 0.235± 0.031 291 0.242±0.041 NR 0.534 

Intercondylar 
notch width 
index 

Lopes 
Con:3 
NC: 45 

Con: 0.2 ± 0.03      
NC: 0.2 ± 0.03           

0 NA NR n.s. 

Notch width 
index 

Lund-Hanssen 20 
Inj: 0.243±0.028 
Cltl: 0.224±0.026                       

26 0.243± 0.038 5 [1.3-17] 
Inj/Cltl: 0.003 
Cltl/Ctrl: 0.04  

NWI Ouyang 40 0.201± 0.03 40 0.253± 0.04 NR 0.035 

NWI Park 120 0.23±0.03 NR 0.24±0.02 NR 0.083  

Notch width 
index 

Rahnemai-Azar 45 0.26±0.03 45 0.26±0.04 
0.001         
[0.00001-
342.67]Reg 

>0.05Reg 

NWI Stein  23 

C: 0.246±0.03      
[0.234-0.258]       
A: 0.181±0.03      
[0.168-0.194] 

137 

C: 0.263±0.03    
[0.258-0.268]        
A: 0.190±0.03   
[0.184-0.195] 

  
C: 0.01                
A: 0.23 

NWI Teitz 
42 (2 Bil)        
M: 21     
F: 21 

0.248±0.04           
(0.18-0.34)          
M: 0.252±0.03      
(0.19-0.31)           
F: 0.244±0.04      
(0.18-0.34) 

40        
M: 20 
F: 20 

0.253±0.04     
(0.15-0.35)           
M: 0.263±0.03   
(0.19-0.32)             
F: 0.243±0.04     
(0.15-0.35) 

  0.53 
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Notch width 
index  

Uhorchak 24 

0.18±0.03             
(0.1-0.2)               
M: 0.18±0.02       
(0.1-0.2)                
F: 0.16±0.04       
(0.1-0.2) 

800     
M:695 
F: 105 

0.21±0.03           
(0.1-0.3)               
M: 0.21±0.03    
(0.1-0.3)                 
F: 0.22±0.03       
(0.1-0.3) 

NR 
<0.001               
M: <0.001           
F: <0.001 

NWI van Diek 45 
0.3                         
M: 0.3                   
F: 0.3 

43 
0.3                         
M: 0.3                     
F: 0.3 

NR n.s. 1                  

NWI Vrooijink 45 
M: 0.3                    
F: 0.3 

M: 22 
F: 22                    

M: 0.3                     
F: 0.3 

NR n.s. 2 

Measured at Posterior Notch 

Posterior NWI Keays 20 0.26 20 0.30 NR 0.006 

Notch width-Eminence width ratio 

Notch widith   
/eminence 
width ratio 

Uhorchak 24 

1.19±0.2             
(0.8-1.6)               
M: 1.25±0.2         
(0.9-1.6)                
F: 1.06±0.02         
(0.8-1.3) 

800     
M:695 
F: 105 

1.33±0.2            
(0.7-2.1)                
M: 1.33±0.2       
(0.7-2.1)                 
F: 1.25±0.2        
(0.7-1.9)         

NR 
0.018                  
M: 0.085             
F: 0.011 

Intercondylar Ridge          

Study Information  ACL injured Intact ACL Significance  

Variable Name Authors N mean±SD N mean±SD OR (95%CI) p value 

Ridge Thickness Everhart 27 
3.87±2.17             
M: 4.65±1.77       
F: 2.54±2.21 

27     
M: 17 
F: 10 

2.16±1.8                
M: 2.24±2               
F: 2±1.47        

NR 
0.00142            
M: 0.0014           
F: 0.46 

Ridge Thickness Whitney 
88     
M:27     
F: 61 

3.7±1.2                 
M: 3.7±1.5            
F: 3.7±1.1                  

88  
M:27   
F: 61 

3.4±1.1                  
M: 3.7±1.3             
F: 3.3±0.9 

1.273      
(0.969-
1.672)Reg              
M: 0.972             
(0.662-
1.427)Reg        
F: 1.658               
(1.100-
2.500)Reg  

n.s.Reg                            
M: n.s.Reg                       
F: <0.05Reg 

Notch Height (mm)         

Study Information  ACL injured Intact ACL Significance 

Variable Name Authors N mean±SD N mean±SD OR [95%CI] p value 
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Notch Height 
(cm) 

Anderson 
Bil: 14            

Uni: 17 
Bil: 1.91                    
Uni: 2.03 

17 1.97 NR 
Bil: 0.503            
Uni: 0.450 

Notch Height-AO  Herzog 20 
C: 15.6±2.5          
A: 19.9±2.9 

C: 20   
A: 20 

C: 15.2±2.9            
A: 20.5±3.2 

NR n.s. 

Notch Height-PR  Herzog 20 A: 21.8±2.8 A: 20 A: 22.8±2.7 NR n.s. 

intercondylar 
notch height 

Ouyang 40 31.3±2.6 40 30.9±2.5 NR 0.483 

notch height van Eck 50 21±3.6 50 NA NA NA 

Notch Area (cm2)         

Study Information Torn ACL Intact ACL 
 

Significance 

Variable Name Authors N 
mean±SD        

(range) 
N 

mean±SD                   
(range)            

OR (95%CI) p value 

Notch 
Area/Condylar 
Area 

Anderson 
Bil: 14            

Uni: 17 
Bil: 0.0938 
Uni: 0.0992 

17 0.108 NR 
Bil: 0.209 
Uni: 0.362 

Notch 
Area/Condylar 
Area (Middle) 

Anderson 
Bil: 14            

Uni: 17 

Bil: 0.072 
Uni: 0.083 

17 0.077 NR 
Bil: 0.408 
Uni: 0.262 

Notch 
Area/Condylar 
Area (Posterior) 

Anderson 
Bil: 14            

Uni: 17 
Bil: 0.063 
Uni: 0.068 

17 0.067 NR 
Bil: 0.464 
Uni: 0.815 

Cross Sectional 
Area (CSA) 

Geng 
OA+ACL: 
20 

487.9156.68 

OA-
only:30 
Ctrl: 89 

 
OA-only: 

522.8278.18 

Ctrl: 530.3062.80 

NR 
OA-only: n.s. 
Ctrl: P<0.05 

Notch Area-ANT Houseworth 50 
1.8386                
(1.2978-2.5422) 

50 
1.9447         
(1.3091-2.4858) 

NR NR 

Notch Area-
POST 

Houseworth 50 
2.16                    
(1.4356-2.9215) 

50 
2.3176              
(1.7721-3.4789) 

NR NR 

Notch Area-
TOTAL 

Houseworth 50 
34.043               
(28.5609-38.417) 

50 
33.6737    
(26.6838-39.5081) 

NR NR 

Notch Area 
Ratio-
ANT/TOTAL 

Houseworth 50 
0.053968                
(0.0436-0724) 

50 
0.0576        
(0.0413-0.0874) 

NR 0.0597 

Notch Area 
Ratio-
POST/TOTAL 

Houseworth 50 
0.063384                
(0.0483-0.0806) 

50 
0.0687           
(0.0466-0.0799) 

NR 0.00496 

Notch Area 
Ratio-(POST-
ANT)/TOTAL 

Houseworth 50 
0.009226           
(0.0002-0.0226)                   

50 
0.0111                
(0.0015-0.0230) 

NR 0.0658 

Notch volume (cm3)         
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Study Information  Torn ACL Intact ACL Significance 

Variable Name Authors N 
mean±SD        

(range) [95%CI] 
N mean±SD OR [95%CI] p value 

Notch volume Simon 27 10.32.5 27 11.22.6 NR 0.24 

Notch volume van Eck 50 6.5±1.7 50 5.9±1.4 NR 0.054 

Notch volume 
(mm3) 

Whitney 
88     
M:27      
F: 61 

6609.0±1444.0    
M:7782.0±1524.0 
F: 6091.0±1061.0 

88       
M: 27  
F: 61 

7193.0±1711.0 
M:8835.0±1599.0 
F: 6466.0±1178.0 

0.960 [0.932-
0.987]Reg 

M: 0.943 
[0.892-
0.996]Reg 

F: 0.968 
[0.935-
1.003]Reg 

<0.05Reg 

M: <0.05Reg 

F: n.s.Reg 

Notch volume Wratten 
M:45      
F: 45 

M: 4.5±1.1[±0.3] 
F: 3.1±0.70 [±0.2] 

M: 45   
F: 45 

M: 5.3±1.2 [±0.4] 
F: 3.6±0.7 [±0.2] 

NR 
M: 0.02               
F: 0.0002 

Notch 
volume/condylar 
volume 

Anderson 
Bil: 14            

Uni: 17 
Bil: 0.0999                   
Uni: 0.1014 

17 0.1037 NR 
Bil: 0.547           
Uni: 0.656               

C: Coronal; A: Axial; CAtt: Coronal, measured at level of femoral ACL insertion; M: Male; F: 

Female; Inj: Injured Knee; Cltl: Contralateral Knee; Con: Contact, NC: Non-contact; NA: Not 

Applicable; NR: Not Reported; ND: Normal/Damaged; αp<0.01 was considered significant; 
ℬContact vs. Non-contact; ΩANOVA between all groups; Regunivariate logistic regression 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Tibial Plateau Morphology 
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Posterior Tibial Slope       

Study Information   Torn ACL Intact ACL Significance 

Variable Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

Mean 
Posterior Tibial 
Slope-Sagittal 

Alentorn-Geli 2015 46 6.3 [-0.2-12.8] 53 4.1 [-3.4-12.1] NR 0.003 

Posterior 
Inclination of 
the Tibial 
Plateau-

Method 11 

Meister 1998 

50                    
M: 24 (1 
bilateral)         
F: 25 

9.71.8 50 9.92.1 NR 0.67 

Posterior 
Inclination of 
the Tibial 
Plateau-

Method 22 

Meister 1998 
49                    
M: 24             
F: 25                 

9.52.1 39 9.71.8 NR 0.72 

Posterior 
Inclination of 
the Tibial 
Plateau-

Method 33 

Meister 1998 
49                    
M: 24              
F: 25 

9.72.0 39 9.71.8 NR 0.98 

Tibial slope-
Longitudinal 
Axis 

Zeng 2016 
73            
M: 53       
F: 20 

11.53.3              

M: 11.73.5        

F: 112.7 

73            
M: 53      
F: 20 

9.42.6                   

M: 9.22.5         

F: 10.12.9 

NR 
<0.001                            
M: <0.001                       
F: n.s. 

Tibial slope-
Posterior Tibial 
Cortex 

Zeng 2016 
73            
M: 53       
F: 20 

9.13.1                 

M: 9.23.3          

F: 8.92.6 

73            
M: 53      
F: 20 

7.22.6              

M: 72.5              

F: 7.62.9 

NR 
<0.001                            
M: 0.001                          
F: n.s. 

Tibial slope-
Anterior Tibial 
Cortex 

Zeng 2016 
73            
M: 53       
F: 20 

13.83.3              

M: 13.83.5            

F: 13.72.9 

73            
M: 53      
F: 20 

11.62.7                

M: 11.52.6          

F: 123 

NR 
<0.001                             
M: <0.001                        
F: 0.028 

Medial Posterior Tibial Slope (degrees)       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

Posterior-
medial tibial 
slope 

Alentorn-Geli 2015 46 6.4 [0.3-12.5] 53 3.4 [-4.8-10.1] NR <0.001 

Posterior-
Inferior Tibial 
Slope 

Brandon 2006 
100         
M: 66        
F: 34 

11.23.8              

M: 10.83.9        

F: 12.03.5 

100        
M: 49      
F: 51 

8.53.0                

M: 8.43.4          

F: 8.62.7 

NR 
<0.001                            
M: <0.001                       
F: <0.001 

MTS Hashemi 2010 
49             
M: 22        
F: 27   

 6m (-2-14)                      
M: 5.95±2.72      
F: 6.85±3.61 

55     
M: 22  
F: 33                      

5m (-3-10)           
M: 3.68±3.11      
F: 5.91±2.96                         

NR 
0.01                                
M: 0.007                          
F: 0.14 

MTS Kizilgoz 2018 
86 
M: 54 
F: 32 

50.17          
[4.20-4.64] 
M: 4.82 ± 0.24 
[4.34-5.30]      

109 
M: 63 
F: 46 

3.960.15          
[3.66-4.26] 
M: 3.85 ± 0.20   
[3.45-4.25]        

NR 
<0.001 
M: 0.003 
F: <0.001 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 

BAYER ET AL.  

KNEE MORPHOLOGICAL RISK FACTORS FOR ANTERIOR CRUCIATE LIGAMENT INJURY. A SYSTEMATIC REVIEW 

http://dx.doi.org/10.2106/JBJS.19.00535 

Page 18 
F: 5.31± 0.20        
[4.91-5.71] 

F: 4.12± 0.22             
[3.68-4.56] 

MTS Elmansori 2017 100 
9.43.3                
(1.4-16) 

100 
7.03.7                 
(-0.6-15.0) 

NR NRSig 

Medial Tibial 
Slope 

Rahnemai-Azar 2016 45 3.1±2.5 45 1.7±1.8 
1.42      
[1.09-
1.85]Reg 

<0.01Reg 

Tibial Slope Senisik 2011 10 

Dom: 

12.902.73 
ND: 

11.253.52 

54 

Dom: 

8.982.39 

ND: 9.272.43 

NR 
Dom: <0.001               
ND: n.s. 

Posterior Tibial 
Slope 

Sun 2015 

A: 19          
B: 22         
C: 31         
D: 15 

A: 12.570.51    

B: 12.670.43     

C: 11.680.48     

D: 11.180.73 

A:156    
B:145     
C:158    
D:160            

A: 10.890.21      

B: 10.220.24       

C: 10.010.25        

D: 9.830.24 

NR 

A: 0.008                          
B: <0.001                        
C: 0.006                          
D: 0.102 

Posterior Tibial 
Slope 

Todd 2010 
140           
M: 95        
F: 45 

9.392.67            

M: 9.202.69       

F: 9.802.62 

179        
M:126     
F: 53 

8.52.58                 

M: 8.632.65     

F: 8.202.4 

NR 
0.003                              
M: 0.113                          
F: 0.002                

Medial 
Posterior Tibial 
Slope 

Waiwaiole 2016 107             64 109       53 NR 0.002 

MTS Blanke  2016 
80            
M: 23        
F: 57 

8.770.38   
[8.0-9.5]                 

M: 7.330.71 
[5.9-8.8]               

F:  9.340.42       
[8.5-10.2]           

41    
M: 24  
F: 17                    

7.800.51 [6.8-
8.8]                         

M: 6.600.67 
[5.1-8.0]               

F: 9.550.60       
[8.3-10.8] 

NR 
0.14                                
M: 0.83                            
F: 0.99 

Medial 
Posterior tibial 
slope 

Chung 2011 28 13 (2-20) 20 12 (6-19) NR 0.61 

Posterior Tibial 
SlopeA 

Hohmann 2011 
272 
M: 199          
F: 73 

M: 5.5 ± 3.4        
(0-16) [5.0-5.9] 
F: 6.7 ± 3.7   
(0-17)         
[5.8–7.5] 

M: 
199         
F: 73 

M: 5.8 ± 3.1       
(1-14) [5.3-6.2]     
F: 5.0 ± 3.4           
(1-15) [4.3-5.8] 

NR 
M: n.s.                              
F: 0.004 

Medial PTS Hudek 2011 
55             
M: 24       
F: 31 

4.7 [3.9-5.4]          
M: 4.3 [3.1-
5.5]                         
F: 5.0 [4.0-5.7] 

55             
M: 24       
F: 31 

4.1 [3.5-4.8]           
M: 3.0 [1.9-
4.2]                     
F: 4.9 [4.0-5.8] 

NR 
0.12                                
M: n.s.                             
F: n.s. 

Medial Tibial 
Plateau Slope 
(MTPS) 

Simon 2010 27 -1.83.7 27 -2.92.8 NR 0.20 

MTPS Sundar 2016 
199           
M: 170     
F: 29 

6.722.72     
(0-14) 

M: 6.722.72 
(0-14)                  

F: 6.732.72 
(2-13) 

290        
M:140 
F: 150 

6.732.73             
(0-16)                    

M: 6.732.73 
(0-12)                   

F: 6.752.71 
(0-16) 

NR 
0.07                                
M: NR                              
F: NR 
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MTS  van Diek 2014 45                           
5.9                        
M: 6.0                
F: 5.7 

43 
5.3                     
M: 4.7                  
F: 5.8 

NR 

n.s1                                                 

M: n.s.1                                            

F: n.s.1                  

Posterior Tibial 
Slope 

Webb 2013 15 9.92.3 131 8.52.3 NR 0.16 

Medial 
postero-
inferior 
cartilage slope 

Sturnick 2014 
M: 27        
F: 61         

M: -6.5±3.4        
F: -6.0±3.3 

M: 27        
F: 61         

M: -6.6±3.1         
F:  -6.6±3.4 

M: 1.012 
[0.85–
1.204]        
F: 1.049 
[0.941–
1.169] 

M: 0.89                            
F: 0.39 

medial 
subchondal    
bone slope 

Sturnick 2014  
M: 27        
F: 61         

M: NR                        
F: NR 

M: 27        
F: 61         

M: NR             
F: NR 

 M: 0.95 
[0.77-1.17] 
F: 1.02  
[0.9-1.16] 

M: 0.63                            
F: 0.75 

Middle Cartilage Slope       

Lateral Middle 
Cartilage Slope 

Bojicic 2017 76 4.43.7 42 2.93.3 

1.125 
[1.007-
1.254] 

0.037 

middle 
cartilage slope-
medial 

Sturnick 2014 
M: 27        
F: 61         

M: -1.6±2.5        
F: -0.6±2.8 

M: 27        
F: 61         

M: -0.8±3.5         
F: -0.5±3.5 

M: 0.925 
[0.778–
1.099]        
F: 0.985 
[0.879–
1.104] 

M: 0.37                            
F: 0.80 

Middle 
cartilage slope-
lateral 

Sturnick 2014 
M: 27        
F: 61         

M: -1.3±3.5       
F:  0.6±3.8 

M: 27        
F: 61         

M: -1.8±3.8         
F:  -3.7±4.2 

M: 1.054Reg 

[0.895-1.24]            
F: 1.303Reg 

[1.142-
1.486] 

M: 0.5Reg                          
F: 0.0001Reg 

Lateral Posterior Tibial Slope (degrees)       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

Posterior-
lateral tibial 
slope 

Alentorn-Geli 2015 46 6.2 [-3.2-15.6] 53 4.1 [-3.9-12.1] NR 0.02 

Lateral 
Posterior Tibial 
Slope 

Bojicic 2017 76 6.73.9 42 5.43.4 

1.118 
[1.003-
1.247] 

0.043 

LTS Elmansori 2017 100 
10.43.1                  
(1.9-15.8)                   

100 
7.33.4                  
(0-15.4) 

NR NRSig 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 

BAYER ET AL.  

KNEE MORPHOLOGICAL RISK FACTORS FOR ANTERIOR CRUCIATE LIGAMENT INJURY. A SYSTEMATIC REVIEW 

http://dx.doi.org/10.2106/JBJS.19.00535 

Page 20 

LTS Hashemi 2010 
49           
M: 22        
F: 27 

9m (0-12)                      
M: 7.22±2.71      
F: 8.44±2.82 

55     
M: 22  
F: 33 

6m (0-14)           
M: 5.40±2.77      
F: 7.03±3.07 

NR 
0.005                              
M: 0.02                            
F: 0.03           

Posterior Tibial 
Slope 

Hendrix 2017 
Bil: 100 
(50 pts)    
Uni:50 

Bil: 11.82.3       

Uni: 9.32.4 
50 7.52.3 NR 

BU: 0.20                       
BC: 0.001                                  
UC: 0.035 
 

Lateral Tibial 
Slope 

Rahnemai-Azar 2016 45 7.7±3.5 45 4.7±2.8 
1.43         
(1.15-
1.78)Reg 

<0.01Reg 

Lateral Tibial 
Plateau Slope 
(LTPS) 

Simon 2010 27 1.83.2 27 -0.33.6 NR 0.02 

Lateral 
postero-
inferior 
cartilage slope 

Sturnick 2014 
M: 27        
F: 61                 

M: 9.5±57           
F: 13.3±6.4 

M: 27        
F: 61         

M: 9.3±6.1          
F: 8.5±5.6 

M:1.005Reg 

[0.918–
1.099].         
F: 1.155Reg 

[1.068–
1.25] 

M: 0.92Reg                                    

F: 0.0003Reg 

lateral 
subchondral 
bone slope 

Sturnick  2014 
M: 27        
F: 61         

M:   NR                      
F: NR 

M: 27        
F: 61         

M: NR                  
F: NR 

M:1.023  
[0.862-
1.213] 
F: 1.203  
[1.065-
1.359]          

M: 0.79Reg                          
F: 0.003Reg 

Tibial Slope Vasta 2018 
M: 100 
F:100 

8.0±3.3 
M: 8.4±2.4 
F: 7.6±3.9 

M:100 
F:100 

7.8±2.5 
M: 7.6±2.6 
F: 8.0±2.4 

NR 
NS 
M: 0.031 
F: NS 

Lateral 
Posterior Tibial 
Slope 

Waiwaiole 2016 107 74 109 54 NR <0.001 

Lateral PTS Hudek 2011 
55             
M: 24       
F: 31 

5.6 [4.7-6.4]          
M: 5.3 [4.2-
6.4]                       
F: 5.7 [4.6-6.9] 

55             
M: 24       
F: 31 

4.9 [4.1-5.8]          
M: 4.0 [2.7-
5.3]                        
F: 5.7 [4.5-6.9] 

NR 
0.08                                
M: 0.0872Sig                          
F: n.s. 

LTS Kizilgoz 2018 
86 
M: 54 
F: 32 

5.210.18             
[4.85-5.57] 
M: 4.84 ± 0.24    
[4.36-5.32]            
F: 5.83± 0.25          
[5.33-6.33] 

109 
M: 63 
F: 46 

4.980.11            
[4.76-5.20] 
M: 4.79 ± 0.15   
[4.49-5.09]         
F: 5.24± 0.17         
[4.90-5.58] 

NR 
0.279 
M: 0.847 
F: 0.054 

LTPS Sundar 2016 
199           
M: 170     
F: 29 

5.683.23             
(0-13)                    

M: 5.673.22       
(0-13)                   

290        
M:140 
F: 150 

5.703.23          
(0-18)                    

M: 5.703.23       
(0-13)                    

NR 
0.09                                
M: NR                              
F: NR 
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F: 5.703.23         
(0-13) 

F: 5.723.22                 
(0-18) 

LTS  van Diek 2014 45 
7.3                     
M: 7.7                  
F: 6.5 

43 
7.1                     
M: 6.2                  
F: 7.8 

NR 

n.s.1                                                 

M: n.s.1                                            

F: n.s.1                  

Coronal Tibial Slope       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

CTS Alentorn- Geli 2015 46 4 [-1.9-9.9] 53 4.7 [-8.2-13.9] NR 0.48 

CTS Blanke 2016 
80             
M: 23         
F: 57 

3.820.23  
[3.3-4.2]               

M: 3.960.46 
[3.0-4.9]                  

F: 3.750.26        
[3.2-4.3] 

41    
M: 24  
F: 17                    

3.990.31            
[3.3-4.6]                

M: 3.950.45       
[3.0-4.9]               

F: 4.040.45        
[3.1-4.9] 

NR 
0.65   
M: >0.99                           
F: 0.95 

CTS Hashemi 2010 
49            
M: 22          
F: 27 

3m, (-1-8)                                 
M: 3.27±2.53      
F: 2.59±2.12 

55     
M: 22  
F: 33 

3m, (-1-8)            
M: 3.51±1.87      
F: 2.54±1.85  

NR 
0.48                                   
M: 0.37                            
F: 0.46 

CTS Kizilgoz 2018 
86 
M: 54 
F: 32 

5.210.18           
[4.85-5.59] 
M: 4.84 ± 0.24  
[4.36-5.32] 
F: 5.83± 0.25        
[5.33-6.33] 

109 
M: 63 
F: 46 

4.980.11            
[4.76-5.20] 
M: 4.79 ± 0.15   
[4.49-5.09]     
F: 5.24± 0.17         
[4.90-5.58] 

NR 
0.279 
M: 0.847 
F: 0.054 

Anterior Tibial Slope       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

Anterior tibial 
Slope 

Alentorn-Geli 2015 46 -8.7 [-21-3.6] 53 
-12                       
[-35.5 to -24.1] 

NR 0.01 

Plateau Width       

Study Information   Torn ACL Intact ACL Significance 

Variable Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

Medial tibial 
Plateau width 

Rahnemai-Azar 2016 45 34.2±2.9 45 34.3±2.5 NR NR 
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Lateral tibial 
plateau width 

Rahnemai-Azar 2016 45 37±3.6 45 37.9±2.9 NR NR 

Tibia width Xiao 2016 
73           
M: 53           
F: 20 

81.56.2              

M: 84.25.0           

F: 74.52.9 

73           
M: 53           
F: 20 

80.55.4              

M: 82.54.3          

F: 75.14.3 

NR 
n.s.                                  
M: n.s.                             
F: n.s. 

Tibial width Uhorchak 2003 24 
78.8±7.1           
(67.0-91.0) 

800 
81.7±5.2            
(65.0-97.0) 

NR 0.666 

Tibial Plateau Antero-posterior length (mm)       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

Tibial AP 
length 

Wahl 2012 

69U,86 (43 
pts)B            

M: 43U, 44 
(22pts)B             
F: 26U, 42 
(21 pts)B 

31.52±3.65      
[30.85-32.19]             
M:32.99±3.22 
[32.19-33.79]                                  
F: 29.49±2.97 
[28.62-30.36] 

61                  
M: 36              
F: 25 

33.13±4.02     
[32.11-34.16]                
M:35.53±3.03 
[34.50-36.55]                                  
F: 29.69±2.47 
[28.67-30.71]       

NR 
0.007                              
M: 0.0002                        
F: 0.77 

Parameter 
“AB” (Tibial AP 
distance) 

Vasta 2018 
M: 100 
F:100 

48.6±7.7 
M: 49.1±10.0 
F: 47.6±4.1 

M:100 
F:100 

53.4±6.7 
M: 53.7±8.4 
F: 53.2±4.5 

NR 
<0.001 
M: <0.001 
F: 0.006 

Tibial Eminence/Tibial Spine       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

Eminence 
width  

Uhorchak 2003 
24                          
M: 16                   
F: 8 

11.6±1.4              
(10.0-14.0)                                      
M: 11.9±1.2      
(10.0-14.0)                                       
F: 10.9±0.8     
(10.0-12.0)          

800                  
M:695                   
F: 105 

13.3±1.9              
(8.0-20.0)                             
M:13.5±2.0         
(8.0-20.0)                                      
F: 12.5±1.8          
(8.0-17.0)           

NR 
0.001                              
M: <0.001                        
F:  0.012   

Eminence 
width 

Xiao 2016 
73             
M: 53           
F: 20 

11.31.9               

M: 11.51.9            

F: 10.71.7    

73           
M: 53           
F: 20 

13.01.8              

M: 13.31.8         

F: 12.11.5 

NR 
<0.001                            
M: <0.001                       
F: 0.01 
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Eminence 
width index 

Uhorchak 2003 
                         
M: 16                   
F: 16e 

M: 0.14±0.01   
(0.1-0.2)                                           
F: 0.15±0.01      
(0.1-0.2)                         

              
M: 
695                
F: 
695e        

M: 0.16±0.02     
(0.1-0.2)                                            
F: 0.17±0.02       
(0.1-0.2) 

NR 
M:<0.001                         
F: 0.014        

Eminence 
width index 

Xiao 2016 
73            
M: 53           
F: 20 

0.140.02            

M: 0.140.02                       

F: 0.140.02 

73           
M: 53           
F: 20 

0.160.02            

M: 0.160.02                       

F: 0.160.02 

NR 
<0.001                            
M: <0.001                                         
F: 0.02 

Medial Tibial 
Spine Volume 
(100 mm3) 

Sturnick 2014 
88            
M: 27       
F: 61 

295.8±136.4 
M:340.8±173.6  
F:275.9±112.3                 

88 
325.9±170.6 
M:462.1±202.1                         
F:265.7±111.6 

0.86 [0.69-
1.07]Reg                           
M: 0.67 
[0.45-0.98] 

Reg        
F:1.09 
[0.79-1.51] 

Reg   

0.16Reg                                           
M: 0.04Reg                                   
F: 0.61 Reg   

Lateral Tibial 
Spine Volume    
(100 mm3)  

Sturnick 2014 
88            
M: 27       
F: 61 

587.1±219.8     
M:719.0±251.8                        
F:528.8±177.0                

88 
576.1±209.2      
M:704.1±262.7                         
F:519.5±151.5              

1.03 [0.88-
1.2] Reg                               
M: 1.02 
[0.83-1.27] 

Reg                    
F: 1.04 
[0.83-1.29] 

Reg   

0.71 Reg                                             
M: 0.83 Reg                                   
F: 0.75 Reg   

Medial Tibial 
Spine Height 

Sturnick 2014 
88             
M: 27       
F: 61 

10.1±1.2            
M: 10.7±1.3        
F: 9.8±1.1           

88 
10.2±1.5            
M: 11.4±1.3       
F: 9.6±1.2 

0.94 [0.72-
1.22] Reg                    
M: 0.63 
[0.38-
1.06]Reg       
F: 1.17 
[0.83-1.66] 

Reg   

0.64 Reg                                          
M: 0.08 Reg                                  
F: 0.38 Reg   

Lateral Tibial 
Spine Height 

Sturnick 2014 
88            
M: 27       
F: 61 

7.8±1.3                
M: 8.1±1.3         
F: 7.6±1.2   

88 
8.0±1.4                
M: 8.8±1.6           
F: 7.7±1.2       

0.85 [0.67-
1.08] Reg                   
M: 0.73 
[0.48-1.11] 

Reg                
F: 0.94 
[0.69-1.27] 

Reg   

0.18 Reg                                              
M: 0.14Reg                                        
F: 0.67 Reg   

Medial Tibial 
Spine Width 

Sturnick 2014 
88            
M: 27       
F: 61 

17.8±2.0            
M: 19.3±1.9        
F: 17.1±1.6                      

88 
17.8±2.2            
M: 19.7±1.8        
F: 16.9±1.8 

1.01 [0.84-
1.22] Reg           
M: 0.9 
[0.69-1.18] 

Reg                       
F: 1.14 
[0.87-1.48] 

0.89 Reg   
M: 0.46 Reg   
F: 0.35 Reg   
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Lateral Tibial 
Spine Width 

Sturnick 2014 
88            
M: 27        
F: 61 

17.0±2.3            
M: 18.8±2.1        
F: 16.2±2.0 

88 
17.0±2.5            
M: 19.1±2.3        
F: 16.0±2.0 

1.01 [0.86-
1.19] Reg           
M: 0.91 
[0.67-1.23] 

Reg                         
F: 1.06 
[0.87-1.28] 

Reg   

0.90 Reg                                  
M: 0.54 Reg                             
F: 0.59 Reg   

Medial Tibial 
Spine Length 

Sturnick 2014 
88              
M: 27       
F: 61 

34.1±5.5            
M: 37.0±4.4        
F: 32.9±5.4 

88 
34.6±6.4              
M: 38.4±6.2        
F: 32.9±5.7 

0.99 [0.94-
1.04] Reg           
M: 0.96 
[0.87-1.05] 

Reg                
F: 1.0 [0.94-
1.06] Reg   

0.60 Reg                                 
M: 0.38 Reg                             
F:  0.96 Reg   

Lateral Tibial 
Spine Length 

Sturnick 2014 
88              
M: 27         
F: 61 

27.8±5.5            
M: 29.4±5.1       
F: 27.1±5.5 

88 
27.9±5.6             
M: 30.6±6.3       
F: 26.8±4.9 

0.99 [0.93-
1.06] Reg           
M: 0.94 
[0.82-1.07] 

Reg                    
F: 1.01 
[0.94-1.09] 

Reg   

0.80 Reg                                   
M: 0.33 Reg                              
F: 0.74 Reg   

Medial Spine 
Location 

Sturnick 2014 
88             
M: 27        
F: 61 

1.1±2.0             
M: 1.7±1.8         
F: 0.8±2.0          

88 
1.6±2.3               
M: 2.2±2.2          
F: 1.3±2.3 

0.89 [0.77-
1.03] Reg           
M: 0.9 
[0.68-1.18] 

Reg                    
F: 0.89 
[0.75-1.06] 

Reg   

0.13 Reg                                
M: 0.43 Reg                            
F: 0.20 Reg           

Lateral Spine 
Location 

Sturnick 2014 
88           
M: 27        
F: 61 

-5.7±1.7            
M: -5.4±1.9       
F:  -5.9±1.6 

88 
-5.6±1.5               
M:  -6.0±1.1       
F:  -5.5±1.6 

0.97 [0.8-
1.17] Reg            
M: 1.32 
[0.87-2.0] 

Reg                           
F: 0.87 
[0.69-1.09] 

Reg   

0.72 Reg                                   
M: 0.19 Reg                             
F: 0.23 Reg   

Tuberculum 
intercondylare 
tibiae tertium 
(Parson’s 
knob)—
height/base 

Pecina 2001 55 0.810.33 16 0.600.23 NR <0.05 

Tuberculum 
intercondylare 
tibiae tertium 
(Parson’s 
knob)—

Pecina 2001 55 0.120.04 16 0.100.02 NR  <0.05 
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height/plateau 
length 

Tuberculum 
intercondylare 
tibiae tertium 
(Parson’s 
knob)—
plateau 
length/base 

Pecina 2001 55 6.682.85 16 6.081.78 NR 
<0.05 
 

Medial Tibial Plateau Depth       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR [95%CI] p value 

MTD Blanke 2016 
80            
M: 23       
F: 57 

3.030.09  
[2.8-3.2]           

M: 3.130.19       
[2.7-3.5]             

F: 3.000.10        
[2.8-3.2] 

41    
M: 24  
F: 17                    

3.250.12            
[2.9-3.5]                

M: 3.560.19      
[3.3-3.8]               

F: 2.810.19       
[2.4-4.2] 

NR 
0.16                                
M: 0.23                             
F: 0.84 

Depth of 
medial tibial 
condyle (DMC) 

Kizilgoz 2018 
86 
M: 54 
F: 32 

2.820.08              
[2.66-2.98]           

M: 2.840.10        
[2.64-3.04]          

F: 2.780.13        
[2.62-2.94] 

109 
M: 63 
F: 46 

2.940.07             
[2.80-3.08]          

M: 2.850.08        
[2.69-3.01]           

F: 3.070.11       
[2.95-3.29]    

NR 
0.249                              
M: 0.954                          
F: 0.103 

Medial Tibial 
Plateau Depth 
(MTPD) 

Sundar 2016 199 1.741.011 290 1.731.012 NR 0.356 

MTD Hashemi 2010 
49            
M: 22       
F: 27 

1.9m, (0-4.4)                                        
M: 1.98±0.98      
F: 1.91±0.98               

45     
M: 22  
F: 33 

2.9m, (1.4-5.2)    
M: 3.04±0.98      
F: 2.75±0.75 

NR 
0.000001                       
M: 0.0004                       
F: 0.0003 

Lateral Tibial Plateau Height (mm) 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR[95%CI) p value 

Lateral Tibial 
Plateau Height  

Sundar 2016 199 2.210.79 290 2.220.79 NR 0.393 

Tibial Plateau Radius of Curvature (mm)       

Study Information   Torn ACL Intact ACL Significance 

Variable  Authors Year N 

mean±SD        
(range) 
[95%CI] N 

mean±SD        
(range) 
[95%CI] OR[95%CI) p value 
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A: 20-29 years; B: 30-39 years; C: 40-49 years; D: 50-59 years; M: Male; F: Female; NR: Not 

Reported; MTS: Medial Tibial Slope; LTS: Lateral Tibial Slope; CTS: Coronal Tibial Slope; 

MTD: Medial Tibial Depth; Bil: Bilateral; Uni: Unilateral; Dom: Dominant; ND: Non-

dominant; BU: Bilateral v. Unilateral; BC: Bilateral v. Controls; UC: Unilateral v. Controls 

       
1Method 1: include both knees of subjects with bilateral injury; 2Method 2: include smallest 

angle of bilaterally injured subjects; 3Method 3: include largest angle of bilaterally injured 

subjects; mMedian;eLikely typographical error—reported as published; Aage-females excluded 

due to subjects <16; Uunilateral; Bbilateral; RegUnivariate regression; BUBilateral vs. Unilateral; 
BCBilateral vs. Control; UCUnilateral vs. Control; SigAuthors reported statistical significance; 
1p<0.005 was considered significant; 2p<0.01 was considered significant 

 

 

Table 5. Condylar Morphology  

Condylar Width         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p-value 

Condylar width Alentorn-Geli 2015 46 

C: 7.7 [6.5-8.9]    

A: 7.8 [6.8-8.8] 53 

C: 7.8 [6.4-

23.1] A: 7.6 

[6.4-22.5] NR 

C: 0.35               

A: 0.87             

Intercondylar width Bouras 2017 58 70.4±4.0 61 70.4±4.1 NR NR 

Condylar width Evans 2012 

49        

M: 37    

F: 12 

89.2 ± 8.3       

M:92.1 ±7.0       

F: 80.7 ± 5.3 

1638        

M: 

1397  

F: 241        

89.9 ± 7.1            

M: 91.7 ± 5.8     

F: 80.7 ± 5.3 

NR 
n.s                      

M: n.s.                 

F: n.s.           

BCW Kizilgoz 2018 

86 
M: 54 
F: 32 

 

74.010.63           
[72.75-75.27] 
M: 77.49 ± 0.48  
[76.57-78.71]   
F: 68.13± 0.72      
[66.69-69.57] 

 
109 
M: 63 
F: 46 

72.840.54          
[71.76-73.92] 
M: 76.18 ±0.55  
[75.08-77.28]                
F: 68.27± 0.54        
[67.19-69.35] NR 

0.163 
M: 0.08 
F: 0.877 

Condylar Width Lombardo 2005 14 99.1±7 291 97±6.2 NR 0.215 

Total width Lund-Hanssen 1994 

Inj: 20  

Cltl: 20  

Inj: 74.8±2.9     

Cltl:74.6±2.2  26 76.2±3.6 NR 

0.07 (Cltl vs. 

Ctrl) 

Epicondylar width Ouyang 2016 40 77.5±3.8 40 78.2±3.9 NR 0.416 

Lateral Tibial 
Plateau Radius 
of Curvature  

Wahl 2012 

69U, 86 
(43pts)B  

M: 43U,44 
(22pts)B           
F: 26U, 42 
(21 pts)B 

33.88±7.41, 
[32.49-35.27] 
M: 35.50±8.04, 
[33.51-37.50] 
F: 31.63±5.81, 
[29.93-33.34] 

61     
M: 36 
F: 25 

37.48±8.89, 
[35.21-39.76]   
M: 41.13±8.85, 
[38.14-44.13] 
F: 32.23±5.89, 
[29.80-34.66] 

NR 
0.005                              
M: 0.002                          
F: 0.68         
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Bicondylar width 

Rahnemai-

Azar 2016 45 80.7±5.7 45 83.2±4.2 

0.92               

[0.85-1.00]Reg >0.05Reg 

condylar width  Uhorchak 2003 24 

77.9±7.0        

(64.0-82.0) 800 

81.9±5.4          

(64.0-95.0) NR 0.241 

BCW  van Diek 2014 

45                   
72.9                    

M: 73.0               

F: 72.7 

43 
73.0                    

M: 78.1                

F: 68.6 NR 

n.s. 1                                     

M: 0.005 (n.s) 1  

F: 0.002            

BCW  Vrooijink 2011 

M: 27   

F: 18 

M: 73.3                

F: 73.7 

M: 22      

F: 22 

M: 78.7                

F: 69.7 NR 

M: 0.002             

F: 0.009            

Bicondylar width Park 2012 

M: 76   

F: 44 

M:76.00±3.74   

F: 67.47±3.37 

M:71      

F: 35 

M:77.46±3.02     

F: 68.17±2.81 NR 

M: 0.013 (ns) 2    

F: 0.323 

Lateral Condylar Width (mm)         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

LCW (cm) Alentorn-Geli 2015 
46 C: 3.1 [2.1-4.1] 

A: 3 [2.4-3.6]      
53 C: 3.1 [1.9-9.2]   

A: 3 [2-8.9] NR 

C: 0.9                 

A: 0.91 

LCW Kizilgoz 2018 

86 
M: 54 
F: 32 

28.20.3               
[27.6-28.8] 
M: 29.3 ± 0.3    
[28.7-29.9] 
F:26.3± 0.3            
[25.7-26.9] 

 
109 
M: 63 
F: 46 

27.50.2                 
[27.1-27.9] 
M: 28.9 ± 0.3    
[28.3-30.5]      
F: 25.7± 0.2           
[25.3-26.1] NR 

0.074 
M: 0.310 
F: 0.114 

LCW 

Rahnemai-

Azar 2016 45 32.8±2.7 45 34.3±2.5 

0.82 [0.68-

0.97]Reg 0.01Reg 

LCW (mm) van Diek 2014 

45 
26.1                    

M: 26.1               

F: 26.2 

43 
26.1                    

M: 28.2              

F: 24.2 NR 

n.s. 1                                     

M: n.s1                                   

F: 0.002 

LCW Vrooijink 2011 

M: 27   

F: 18   

M: 26.6              

F: 26.8 

M: 22     

F: 22 

M: 28.3               

F: 24.8 NR 

M: ns2                          

F: 0.002 

LCW Park 2012 

M: 76   

F: 44 

M: 30.80±2.45.   

F: 26.71±1.84  

M: 71     

F: 35 

M: 31.53±1.65   

F: 27.20±1.61 NR 

M: 0.033(n.s) 2    

F: 0.215 

Medial Condylar Width (mm)         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

MCW (cm) Alentorn-Geli 2015 46 

C: 2.8 [2.4-3.2]    

A: 2.9 [2.5-3.3] 53 

C: 2.8 [2.4-8.3]   

A: 2.8 [2.4-8.3] NR 

C: 0.36               

A: 0.56 

MCW Kizilgoz 2018 

86 
M: 54 
F: 32 

26.40.2               
[26-26.8] 
M: 26.6 ± 0.3       
[26-27]              
F: 26.2± 0.4          
[25.6-27] 

109 
M: 63 
F: 46 

25.10.2                
[24.7-25.9] 
M: 26.4 ± 0.3       
[25.8-27]         
F: 23.4± 0.3         
[22.8-24] NR 

<0.001 
M: 0.634 
F: <0.001 
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MCW 

Rahnemai-

Azar 2016 45 30±3.4 45 29.4±2.7 

1.08 [0.93-

1.25]Reg >0.05Reg 

MCW van Diek 2014 

45 
24.9                    

M: 25.2                

F: 24.6 

43 
25.1                    

M: 26.7               

F: 23.7       

NR 
n.s1                                       

M: n.s.1                 

F: n.s. 1                  

MCW Vrooijink 2011 

M: 27   

F: 18     

M: 25.2                

F: 24.8 

M: 22     

F: 22 

M: 27.0                

F: 24.2 
NR M: 0.008             

F: n.s.2 

MCW Park 2012 

M: 76   

F: 44 

M:27.83±2.62    

F: 25.00±1.92  

M: 71     

F: 35 

M:25.60±1.58    

F: 22.45±1.32 
NR M:<0.001  

F:<0.001  

Condylar Width Index         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

Lateral-Medial 

condylar width index 
Alentorn-Geli 2015 46 C: 1.1 [0.7-3.3]  

A: 1 [0.8-1.2] 
53 C: 1.1 [0.7-3.3]   

A: 1 [0.6-3] 
NR C: 0.97               

A: 0.95 

MCW/LCW Kizilgoz 2018 

86 
M: 54 
F: 32 

0.9120.006          
[0.9-0.924] 
M: 0.909 ± 
0.006                         
[0.897-0.921]       
F: 0.918± 0.007       
[0.904-0.932] 

109 
M: 63 
F: 46 

0.9140.005        
[0.904-0.924] 
M: 0.914 ± 
0.007                    
[0.9-0.928]        
F: 0.914± 0.008      
[0.898-0.930] NR 

0.869 
M: 0.677 
F: 0.711 

Medial 

condyle/lateral 

condyle 

Vrooijink 2011 
M: 27   

F: 18       

M: 0.9                 

F: 0.9 

M: 22     

F:  22 

M: 1.0                 

F: 2.0 
NR 

M: n.s.2                

F: n.s.2 

Medial 

condyle:Lateral 

condyle 

Park 2012 
M: 76   

F: 44 

M: 0.91±0.08      

F: 0.94±0.06  

M: 71     

F: 35 

M: 0.88±0.04     

F: 0.89±0.05 
NR 

M: 0.012 (n.s.)2           

F: 0.001  

Alpha Angle and the Angle between Blumensaat’s line and 

anterior tibial slope         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range)  [95CI] OR (95%CI) p value 

Alpha angle (degrees) Bouras 2017 58 44 ± 3 61 43 ± 4 

U: 1.0 (0.9-

1.2)             

A: 1.0 (0.9-

1.1) 

U: n.s.                 

A: n.s. 

Intercondylar shelf- 

Shaft Angle 

Anderson 1987 
Bil: 14            

Uni: 17 

Bil: 36.9                

Uni: 37.2 
17 38.1 NR 

Bil: 0.0551Sig           

Uni: 0.0556Sig 

Alpha angle (degrees) 

Fernandez 

Jaen 
2015 308 57.5±5.5 222 56.2±4.5 NR 0.009 

Alpha Angle 
(degrees) 

Kizilgoz 2018 

86 
M: 54 
F: 32 

39.900.35          
[39.20-40.6] 
M: 39.90 ± 0.50 
[38.90-40]           

109 
M: 63 
F: 46 

38.730.20          
[38.33-39.13] 
M: 39.19 ± 0.23  
[38.73-39.65]   

NR 

0.003 
M: 0.186 
F: 0.001 
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F: 39.89± 0.41       
[39.07-40.71] 

F: 38.09± 0.33      
[37.76-38.75] 

Angle between 

Blumensaat line and 

anterior tibial slope 

(degrees) 

Alentorn-Geli 2015 46 
35.9            

[16.5-55.3] 
53 

31.7 [16.4-

93.8] 
NR 0.02 

Femoral AP length (mm)         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range)  [95CI] OR (95%CI) p value 

Femoral 

anteroposterior 

length, FAP (mm) 

Wahl 2012 

69U, 86 

(43pts)B   

M:43U, 

44 

(22pts)B         

F: 26U, 

42 

(21pts)B 

68.33±4.83    

[67.43-69.23]   

M: 71.11±3.66  

[70.21-72.02]      

F: 64.48±3.38 

[63.48-65.47] 

61       

M:36       

F: 25 

69.14±5.44 

[67.75-70.53]            

M: 72.12±4.55 

[70.58-73.65]     

F: 64.86±3.37 

[63.47-66.25]            

NR 

0.31                   

M: 0.23              

F: 0.65 

Parameter “B” 

(Lateral Condylar AP 

Length) 

Vasta 2018 
M: 100 

F: 100 

68.7 ± 6.9      

M:73.1 ± 4.5      

F: 64.3 ± 6.0 

M: 100 

F: 100 

70.0± 6.0       

M:74.6 ± 4.1       

F: 65.3 ± 3.6 

NR 

NS 

M: 0.02 

F: NS 

Femoral Radius of Curvature and Condylar Offset Ratios     

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range)  [95CI] OR (95%CI) p value 

Femoral Fibonacci 

radius of curvature, 

Fr (mm) 

Wahl 2012 

69U, 86 

(43pts)B    

M:43U, 

44 (22 

pts)B         

F: 26U, 

42 

(21pts)B 

24.32±2.23 

[23.90-24.74]   

M: 25.50±1.81 

[25.05-25.95]    

F: 22.69±1.64 

[22.20-23.1]    

61         

M: 36     

F: 25  

25.10±2.51 

[24.45-25.74]   

M:26.71±1.58 

[26.17-27.25]       

F: 22.77±1.59 

[22.12-23.43] 

NR 

0.04                  

M: 0.001                

F: 0.83 

Medial Condyle 

Radius 
Siebold 2010 37 NR 37 

S: 21.6±1.7          

C: 22.4±3.2         

A: 21.3±3.3 

NR ns 

Lateral Condyle 

Radius 
Siebold 2010 37 NR 37 

S: 21.3±1.8          

C: 27.8±4.4         

A: 18.3±2.6   

NR ns 

Condylar offset ratio Hoshino 2012 

26       

M: 14    

F: 12 

1.05±0.15          

M: 0.95±0.09     

F: 1.16±0.12        

12         

M: 6         

F: 6 

0.99±0.11        

M: 0.97±0.05    

F: 1.02±0.15      

NR 

0.28                 

M: 0.6                

F: <0.05 
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Lateral Femoral 

Condyle Ratio (%) 
Pfeiffer 2018 

Prim:50          

M: 31      

F: 19 

 

Cltl: 35            

M: 16      

F: 19 

 

Primary:      

64.2 ± 3.8   

                       

Cltl:                

66.9 ± 4.3 

66            

M: 44       

F: 22 

61.2 ± 2.4 

8.0 [4.1-15.7]   

(for ratio > 

63%) 

<0.05 (all groups)             

p<0.008 (primary 

vs. contralateral)    

p<0.008 

(primary, 

contralateral, 

failed ACLR vs. 

control)            

n.s. (primary vs. 

failed ACLR)     

 

Lateral Condylar Height (mm)         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

Parameter “C” 

(Lateral Condylar 

Height) Vasta 2018 

M: 100 

F: 100 

41.2± 6.8     

M:43.2 ± 8.3      

F: 39.1 ± 3.9    

M: 100 

F: 100 

44.6± 7.1       

M:47.1 ± 8.6       

F: 42.1 ± 3.9 NR 

<0.001 

M: <0.001 

F: <0.001 

Femur AP Diaphysis (mm)         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

Parameter “A” 

(Diaphysis AP 

length) Vasta 2018 

M: 100 

F: 100 

36.0 ± 2.99     

M:36.9 ± 2.9      

F: 35.1 ± 2.8    

M: 100 

F: 100 

36.3± 2.5       

M:37.1 ± 2.5       

F: 35.5 ± 2.3 NR 

NS 

M: NS 

F: NS 

Femur AP Flattened Lateral Condyle Distance (mm)         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

Distance “XY” 

(Lateral Condyle 

Flat AP distance) Vasta 2018 

M: 100 

F: 100 

41.9 ± 3.6     

M:42.1 ± 3.5      

F: 41.6 ± 3.7    

M: 100 

F: 100 

43.8± 4.5       

M: 45.6 ± 4.4       

F: 42.0 ± 3.9 NR 

<0.001 

M: <0.001 

F: NS 

Anterior Flattening to Anterior Cortical Edge (mm)         

Study Information     Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

Distance “YZ” 

(Anterior Flattening 

to Anterior Cortical 

Edge) 

Vasta 2018 
M: 100 

F: 100 

5.4± 3.5    

M:5.9 ± 4.1      

F: 5.0± 2.7    

M: 100 

F: 100 

10.5± 4.2       

M:11.1± 4.9       

F: 9.9± 3.4 NR 

<0.001 

M: <0.001 

F: <0.001 

Posterior Flattening to Posterior Cortical Edge (mm)         

Study Information     Torn ACL Intact ACL Significance 
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Variable Name Authors Year N 

mean±SD         

(range)  [95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

Distance “XW” 

(Posterior 

Flattening to 

Posterior Cortical 

Edge) 

Vasta 2018 
M: 100 

F: 100 
11.0± 3.5     

M:10.9 ± 4.2      

F: 11.0 ± 2.7    

M: 100 

F: 100 
13.2± 3.2       

M:13.4± 3.9      

F: 13.1 ± 2.4 NR 

<0.001 

M: <0.001 

F: <0.001 

Ratio of Condylar AP distance to the Flattening of Condyle 

Study Information Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD         

(range)   

[95CI] N 

mean±SD         

(range), 

[95%CI] OR [95%CI] p value 

Ratio of Condylar 

AP distance to the 

Flattening of 

Condyle (“B/XY”) 

Vasta  2018 

200 

M: 100 

F: 100 

1.640.11             

M: 1.740.05       

F: 1.540.05       

200 

M: 100 

F: 100 

1.600.0.9             

M: 1.640.10       

F: 1.560.07 

NR 

<0.001                  

M: <0.001             

F: NS 

 
M: Male; F: Female; Prim: Primary; Cltl: Contralateral; NR: Not Reported; n.s.: Not significant 
1p<0.005 was considered significant; 2p<0.01 was considered significant 

 
 
Table 6. Tibiofemoral Congruity, Frontal Plane Alignment, and Patellofemoral Geometry 

Tibiofemoral Congruity   

Study Information Torn ACL Intact ACL Significance 

Variable Name Author Year N 

mean±SD        

(range) 

[95% CI] 

N 

mean±SD        

(range)      

[95% CI] 

OR 

[95%CI] 
p value 

FAP:TPAP  Wahl 2012 

69U, 86 
(43pts)B 

M:43U, 44 
(22pts)B           
F: 26U, 42 
(21pts)B 

2.21±0.20         

[2.17-2.24]        

M: 2.20±0.20   

[2.15 to 2.24]      

F: 2.22±0.20        

[2.16-2.28] 

61    

M:36 

F: 25 

2.12±0.18          

[2.07-2.16]           

M: 2.05±0.18 

[1.99-2.11]            

F: 2.21±0.15   

[2.15-2.27] 

NR 

0.003         

M: 0.0005 

F: 0.75 

Lateral condyle 

AP distance/tibial 

plateau AP 

distance (“B/AB”) 

Vasta 2018 

200 

M: 100 

F: 100 

1.430.19          

M: 1.510.22   

F: 1.350.11 

200 

M:100 

F: 100 

1.320.15             

M: 1.410.17        

F: 1.230.05 

NR 

<0.001        

M:<0.001       

F: 0.005         
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Flattening of the 

lateral 

condyle/tibial 

plateau AP 

distance 

(“XY/AB”) 

Vasta 2018 

200 

M: 100 

F: 100 

0.870.09          

M: 0.870.11    

F: 0.880.06 

200 

M:100 

F: 100 

0.820.06             

M: 0.860.06       

F: 0.790.02 

NR 

<0.001           

M: NS             

F: <0.001 

Fibonacci radius 

of 

curvature/Lateral 

Tibial plateau 

radius of curvature 

(“Fr/TPr”) 

Wahl 2012 

69U, 86 
(43pts)B 

M:43U,44 
(22pts)B           
F: 26U, 42 
(21pts)B 

0.744±0.132 

[0.719-0.768]    

M: 

0.748±0.134 

[0.715-0.782]     

F: 

0.737±0.131 

[0.698-0.775]     

61     

M:36  

F: 25 

0.698±0.120 

[0.667-0.728]    

M:0.676±0.177 

[0.636-0.715]      

F: 0.729±0.121 

[0.679-0.779] 

NR 

0.03        

M: 0.008   

F: 0.80 

Frontal Plane Tibiofemoral Alignment   

Study Information Torn ACL Intact ACL Significance 

Variable Name Author Year N 

mean±SD        

(range) 

[95% CI] 

N 

mean±SD        

(range)        

[95% CI] 

OR 

[95%CI] 
p value 

Tibio femoral 

angle Chung 2011 28 4 20 6 NR 0.16 

Coronal alignment Lopes 2016 

Con:35  

NC: 45 

Con: 2.7±1.8      

NC: 2.6±2.0 0 NA NR n.s. 

19 Q kut  Miljko 2012 24 15±2 27 16±2 NR 0.420 

Q-Angle Hertel 2004 24 11.16 24 11.84 NR n.s. 

Q Angle Kizilgoz 2018 

86 
M: 54 
F: 32 

10.4          
(7.8-15.4) 
M: 9.4                    
(7.8-13)             

F: 13.510.21  
[13.08-13.94] 

109 
M: 63 
F: 46 

9.8 (8.4-14.8) 
M: 9.4                  
(8.4-10.3)          
F: 12.56 ± 0.17    
[12.21-12.90] 

NR 

0.320 
M: 0.318 
F: 0.001 

Q Angle Loudon 1996  F: 20 

Normal (18): 
2       
 
Low 
Abnormal 

(<18): 18        
 
High 
Abnormal 

(>18): 0            

F: 20 

Normal (18): 2       
 
Low Abnormal 

(<18): 18        
 
High Abnormal 

(>18): 0            

NR 0.317 

Patellofemoral   

Study Information   Torn ACL Intact ACL Significance 

Variable Name Authors Year N 

mean±SD        

(range)               

[95% CI] N 

mean±SD        

(range)               

[95% CI] 

OR 

[95%CI] p value 
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Patella tendon 

length Lin  2005 115 4.45±0.55 102 4.61±0.61 NR 0.0561 

Patella length Lin  2005 115 4.52±0.49 102 4.40±0.59 NR 0.0979 

Patella tendon 

length/patella 

length (Insall-

Salvati) Lin  2005 115 0.99±0.11 102 1.05±0.12 NR 0.001 

M: Male; F: Female; Con: Contact; NC: Non-contact; Bil: Bilateral 

FAP:TPAP—Femoral anteroposterior length: tibial plateau anteroposterior length 
HHistorical Data 

 
 
Table 7. Soft Tissue Geometry  

Meniscus 

Study Information Torn ACL Intact ACL Significance 

Variable Authors Year N mean ± SD N mean ± SD OR [95%CI] p value 

Lateral 

meniscus 

cartilage angle 

Sturnick 2014 
M:27        
F: 61         

M: 38.5±5.6        

F: 40.3±5.3 

M: 27        
F: 61         

M: 40.3±5.5        

F: 40.5±6.3 

M: 0.939 [0.844–

1.044]  

F: 0.993 [0.93–1.061] 

M: 0.25      

F: 0.84 

Meniscus Bone 

AngleL Bojicic 2017 76 28.64.1 42 29.64.6 0.949 [0.868-1.037] 0.246Reg 

Lateral 

meniscus bone 

angle 

Sturnick 2014 
M:27        
F: 61         

M: 26.8±3.9         

F: 27.9±4.2 

M: 27 

F: 61         

M: 28.5±4.0      

F: 30.6±4.7 

M:0.900[0.782–

1.036]  

F: 0.863 [0.781–

0.953] 

M: 0.14      

F: 0.004 

Posterior 

Meniscal Height 

(PMH)L 

Bojicic 2017 76 6.30.9 42 6.51.0 0.692 [0.463-1.033] 0.072Reg 

Lateral 

meniscus 

cartilage height 

Sturnick 2014 
M:27        
F: 61         

M: 6.8±0.9           

F: 6.3±0.7 

M: 27 

F: 61         

M: 7.1±0.7          

F: 6.6±0.8 

M: 0.546 [0.23–

1.298]  

F: 0.438 [0.235–

0.818] 

M: 0.17     

F: 0.01 

Lateral 

Cartilage bone 

height 

Sturnick 2014 
M:27  

F: 61         

M: 2.8±0.4          

F: 2.7±0.6 

M: 27 

F: 61         

M: 3.1±0.6             

F:  2.7±0.5 

M:0.243[0.061–

0.968]  

F: 1.015 [0.526–1.96] 

M: 0.04     

F: 0.96 

Lateral 

Mensical Slope 
Elmansori 2017 100 

4.74.7                 

(-5.6-13.8) 
100 

0.94.8                   

(-12.5 to 12.6) 
NR NRSig 

Lateral 

Meniscal Slope 
Hudek 2011 

55             
M:24       
F: 31 

1.8 [0.8-2.8]           

M: 2.0 [0.5-3.5]      

F: 1.7 [0.2-3.2] 

55             
M:24       
F: 31 

-1.7 [-2.7, -0.6]        

M: -2.7              

[-4.2, -1.2]                          

F: -0.9               

[-2.4, 0.6] 

NR 

<0.001        

M: <0.001       

F: 0.0177 

Medial 

meniscus 

cartilage angle 

Sturnick 2014 
M:27 

F: 61         

M: 22.4±3.5       

F: 21.7±3.3 

M: 27 

F: 61         

M: 21.7±4.1        

F: 21.9±3.6 

M:1.085 [0.905–

1.302]  

F: 0.982 [0.88–1.096] 

M: 0.38      

F: 0.74 
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Medial 

meniscus bone 

angle 

Sturnick 2014 
M:27 

F: 61         

M: 24.3±2.8       

F: 24.1±2.8 

M: 27 

F: 61         

M: 21.7±4.1        

F: 21.9±3.7 

M:1.041 [0.853–1.27] 

F: 0.914 [0.788–

1.059] 

M: 0.69     

F: 0.23 

Medial 

meniscus 

cartilage height 

Sturnick 2014 
M:27 

F: 61         

M:  5.9±1.1         

F: 5.2±0.8 

M: 27 

F: 61         

M: 21.7±4.1         

F: 21.9±3.8 

M:0.929 [0.547–

1.577]  

F: 0.629 [0.397–

0.996] 

M:  0.78    

F: 0.048 

Medial cartilage 

bone height 
Sturnick 2014 

M:27 

F: 61         

M: 1.7±0.6          

F: 1.6±0.4 

M: 27 

F: 61         

M: 21.7±4.1       

F: 21.9±3.9 

M:0.635 [0.233–

1.725]  

F: 0.874 [0.362–

2.112] 

M: 0.37      

F: 0.76 

Medial 

Meniscal Slope 
Hudek 2011 

55             
M:24       
F: 31 

1.3 [0.5-2.1]                 

0.7 [-0.4-1.9]              

1.7 [0.8-2.7] 

55             
M:24       
F: 31 

0.1 [-0.7-0.9]               

-1.6 [-2.8, -0.5]       

1.4 [0.5-2.4] 

NR 

n.s             

M: 0.0047        

F: n.s. 

Medial 

Meniscal Slope 
Elmansori 2017 100 

6.03.4                   

(-2.2-14.5) 
100 

3.73.6                       

(-4.2-11.5) 
NR NRSig 

ACL Volume     

Study Information   Torn ACL Intact ACL Significance 

Variable Name Authors Year N mean ± SD N mean ± SD OR [95%CI] p value 

ACL_Vol 

(mm3) 
Whitney 2014 

88   

M:27  

F: 61         

1037.0±277.0 

M:1140.0±344.0 

F: 992.0±230.0 

88     

M: 27 

F: 61         

1169.0±321.0 

M:1386.0±363.0 

F: 1072.0±249.0 

0.817 [0.717-

0.931]Reg                                  

M: 0.767 [0.610-

0.964]Reg                               

F: 0.850 [0.719-

1.005]Reg 

<0.01Reg         

M: <0.05Reg       

F: n.s.Reg 

ACL Vol 

(mm3) 
Chaudhari 2009 

M:17 

F: 10 

M: 2107.5             

F: 1694.5 

M:17 

F: 10 

M: 2256.5              

F: 1880.3 

M: NR                               

F: NR 

M: 0.2149     

F: 0.0116 

Tibial Insertion     

Study Information   Torn ACL Intact ACL Significance 

Variable Name Authors Year N mean ± SD N mean ± SD OR [95%CI] p value 

TIS (mm) van Diek 2014 45 

17.3                      

M: 16.8                

F:  17.9   

43 

16.9                  

M: 17.1                

F: 16.8 

NR                                  

M: NR                              

F: NR 

n.s. 1             

M: n.s. 1       

F: n.s. 1        

Ligament angle     

Study Information   Torn ACL Intact ACL Significance 

Variable Name Authors Year N mean ± SD N mean ± SD OR (95%CI) p value 

Tibial Insertion 

Angle (deg) 
van Diek 2014 45 

48.0                    

M: 49.9               

F: 45.8 

43 
48.9                      

M: 48.8               

F: 49.1 

NR n.s.1 

Ligament length     

Study Information   Torn ACL Intact ACL Significance 

Variable Name Authors Year N mean ± SD N mean ± SD OR (95%CI) p value 
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ACL length 

(mm) 
van Diek 2014 45 

35.1                      

M: 35.0               

F: 35.1                                    

43 

33.4                      

M: 33.7              

F: 32.5 

NR                                   

M: NR                             

F: NR 

n.s. 1            

M: n.s. 1      

F: n.s. 1        

Ligament Cross-Sectional Area (CSA)     

Study Information   Torn ACL Intact ACL Significance 

Variable Name Authors Year N mean ± SD N mean ± SD OR (95%CI) p value 

ACL_CSA 

(cm2) 
Whitney 2014 

88       

M:27  

F: 61         

0.38±0.11         

M: 0.40±0.12     

F: 0.37±0.11 

88    

M: 27 

F: 61         

0.41±0.11          

M: 0.47±0.11     

F: 0.39±0.11 

0.962 [0.932-

0.993]Reg                                   

M: 0.942 [0.890-

0.998]Reg                              

F: 0.973 [0.936-

1.011]Reg 

<0.05Reg           

M: <0.05Reg      

F: n.s.Reg 

 
LReported only as PMH but measured in the lateral tibia 
RegUnivariate regression 

 
 
 
 
Table 8. Shape Modeling Data 
 

Shape Modeling 

Author Year 
Mode,Dataset,Structure              
(Mode Description) 

Patient 
Population (n) 

Value R2 p-value(s) 

Pedoia 2015 

1st, Euclidean aligned 
dataset, Femur (NR) 

ACL injured 
(50) 

292.85 
(88.26) NR 

0.007 (inj 
v. ctrl) 
0.021 (cltl 
v. ctrl)* 
0.11 (inj v. 
cltl) 

Contralateral 
(50) 

281.69 
(82.96) NR 

Control (19) 
231.72 
(65.11) NR 

2nd, scale-preserved 
dataset, Femur (relative 
distance between 
condyles) 

ACL injured 
(50) 

365.55 
(84.41) NR 

0.007 (inj 
v. ctrl)  
0.03 (cltl v. 
ctrl)*   
0.03 (inj v. 
ctrl)    

Contralateral 
(50) 

351.65 
(81.58) NR 

Control (19) 
306.89 
(60.89) NR 

2nd, Euclidian aligned 
dataset, Tibia (NR) 

ACL injured 
(50) 

79.52 
(23.17) NR 

0.004 (inj 
v. ctrl 
0.009 (cltl 
v. ctrl)* 
0.34 (inj v. 
cltl)E 

Contralateral 
(50) 

84.9 
(35.38) NR 

Control (19) 
61.00 
(24.51) NR 



COPYRIGHT © BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED 

BAYER ET AL.  

KNEE MORPHOLOGICAL RISK FACTORS FOR ANTERIOR CRUCIATE LIGAMENT INJURY. A SYSTEMATIC REVIEW 

http://dx.doi.org/10.2106/JBJS.19.00535 

Page 36 

3rd, scale-preserved 
dataset, Tibia (elevation 
of anteromedial tibial 
plateau) 

ACL injured 
(50) 

107.06 
(40.06) NR 

0.002 (inj 
v. ctrl) 
0.001 (cltl 
v. ctrl)*  
0.32 (inj v. 
cltl) 

Contralateral 
(50) 

111.59 
(44.45) NR 

Control (19) 
70.47 
(47.21) NR 

Non-
operatively 
treated (48) NR NR NR 

15th, Rosenberg 
radiographR 

Operatively 
treated (134) NR NR NR 

Non-
operatively 
treated (48) NR 0.357 0.003 

20th, Rosenberg 
radiographR 

Operatively 
treated (134) NR 0.092 

0.05 
(n.s.)⍺2 

Non-
operatively 
treated (48) NR NR NR 

21st, Rosenberg 
radiographR 

Operatively 
treated (134) NR 0.093 

0.047 
(n.s.)⍺2 

Non-
operatively 
treated (48) NR NR NR 

22nd, Rosenberg 
radiographR 

Operatively 
treated (134) NR 0.118 

0.014 
(n.s.)⍺2 

Non-
operatively 
treated (48) NR NR NR 

4th, Lateral radiographL 

Operatively 
treated (134) NR 0.108 

0.020 
(n.s.)⍺2 

Non-
operatively 
treated (48) NR NR NR 

6th, Lateral radiographL 

Operatively 
treated (134) NR 0.116 0.013⍺2 

Non-
operatively 
treated (48) NR NR NR 

7th, Lateral radiographL Operatively 
treated (134) NR 0.103 0.026⍺2 
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Non-
operatively 
treated (48) NR NR NR 

8th, Lateral radiographL 

Operatively 
treated (134) NR 0.093 0.042⍺2 

Non-
operatively 
treated (48) NR NR NR 

10th, Lateral radiographL 

Operatively 
treated (134) NR 0.095 0.039⍺2 

Non-
operatively 
treated (48) NR NR NR 

17th, Lateral radiographL 

Operatively 
treated (134) NR NR NR 

Non-
operatively 
treated (48) NR 0.249 0.041⍺2 

inj: ACL injured, cltl: contralateral, ctrl:control 

*The differences of the same modes between contralateral and control group were not 

statistically significant if the Bonferroni correction is applied 
Ecomparison erroneously reported as ACL-injured v. control 

⍺2p<0.01 was considered significant     
RRosenberg radiograph: weight-bearing, AP radiograph at 45 

degrees of flexion    
LLateral radiograph: non-weight bearing, standard lateral 

radiograph    

 
Table 9. Femoral Pooled and Gender Stratified Multivariate Analyses 

Author Year Covariates Variable OR [95% CI] Coefficient p-value 

Kizilgoz 2018 

NW, MCW, LCW, 

MCW/LCW, BCW, 

NWI, alpha angle, 
NWA, Q angle, 

MTST, LTST, CTST, 

DMCT 

NW 

[0.001-1.405]             

M: [15.517-1.915]              
F: [0.000-4.6222] 

-3.50                 

M: 7.452             
F: 17.65 

0.074        

M: 0.002    
F: 0.495 

MCW 
[0.000-0.734]              

M: [0.008-2.167]              

F: [0.000-2.232] 

-4.70                  

M: 3.758             

F: 44.43 

0.036          

M: 0.008     

F: 0.131 

LCW 
[0.008-39.217]            
M: [0.006-8.368]               

F: [0.000-1.918] 

-0.56                   
M: 3.09              

F: 30.45 

0.795        
M: 0.463    

F: 0.301 

MCW/LCW 
[0.000-2.438]              

M: [0.000-3.197]              

F: [0.000-1.648] 

60.04                

M: -6.140            

F: -196.31 

0.319         

M: 0.961    

F: 0.238 

BCW 
[2.954-104.65]            

M: [0.001-0.148]              

F: [0.000-9.836] 

2.86                  

M: -4.453           

F: -32 

0.002        

M: 0.001    

F: 0.234 
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NWI 
[0.000-7.358]              

M: [0.000-0.000]              
F: [0.000-8.768] 

53.50                  

M: -302.72          
F: 1.44 

0.666        

M: 0.012    

F: 0.249 

alpha angle 
[1.161-1.800]              

M: [0.512-1.037]              

F: [0.336-1.014] 

0.36                  

M: -0.317          

F: -0.538 

0.001          

M: 0.079    

F: 0.056  

NWA 
[0.719-1.081]              
M: [0.818-1.419]               

F: [0.690-2.087] 

-0.12                    
M: 0.075              

F: 0.182 

0.226        
M: 0.594    

F: 0.519 

Q angle 
[1.142-2.318]              

M: [0.130-1.022]              
F: [0.270-1.656] 

0.48                   

M: -1.008           

F: -0.402 

0.007        

M: 0.055    

F: 0.385 

Whitney 2014 

NW-anterior 

attachment 

(NW_AA), ACL 
volume (ACL_Vol), 

Ridge thickness, 

weight (kg) 

NW_AA 
0.694 [0.557-0.864]                 

M: 0.722 [0.495-1.053]                        

F: 0.629 [0.469-0.843] 

NR 

0.001        

M: 0.091    

F: 0.920 

ACL_Vol 
0.772 [0.647-0.921]                  

M: 0.715 [0.509-1.004]                         
F: 0.793 [0.643-0.991] 

NR 

0.001        

M: 0.053    

F: 0.041 

Ridge 
1.556 [1.093-2.216]                   

M: 1.506 [0.825-2.746]                             
F: 1.686 [1.025-2.776] 

NR 
0.014       
M: 0.182    

F: 0.040 

Weight 
1.053 [1.005-1.103]                     

M: 1.015 [0.946-1.088]                           

F: 1.088 [1.020-1.161] 

NR 

0.029       

M: 0.681    

F: 0.011 

Sturnick 2015 

NW-anterior outlet 
(NW_AO), Lateral 

Meniscal Slope 

(LatMCS)T, Lateral 
Meniscal Height 

(LatMCH)T  

NW_AO 
0.688 [0.559-0.847]    
M: 0.727 [0.539-0.979]                       

F: 0.649 [0.483-0.872] 

NR 
0.0004        
M: 0.036    

F: 0.004 

Everhart 2010 

Ridge Thickness, 
Posterior outlet 

width (NW_PO), 

Anterior outlet 
width (NW_AO) 

Ridge NR NR 0.021 

NW_PO 
NR NR 0.032 

NW_AO NR NR 0.14 

Fernandez         

-Jaen 
2015 

Sex (Male), Notch 

width (NW), alpha 
angle, Age 

Sex (male) 2.217 [1.474-3.333] 0.796 <0.001 

NW 0.868 [0.819-0.920] -0.142 <0.001 

alpha angle 1.049 [1.011-1.088] 0.048 0.011 

Age 0.999 [0.983-1.014] -0.001 0.857 

Vasta  2018 

Femoral Diaphysis 

width (A), Tibial AP 
length (AB), XW, 

XY, XZ (refer to 

Figure 5B) 

A 
4.82 [2.20-10.54] 1.572 <0.001 

AB 
1.20 [1.06-1.36] 0.180 0.005 

XW 
0.60 [0.44-0.81] -0.519 0.001 

XY 
1.54 [1.13-2.10] 0.433 0.006 

XZ 0.19 [0.13-0.27] -1.668 <0.001 

Uhorchak 2003 

Notch width (NW, 1 

SD≤ mean), 

Generalized Laxity 
(GL, ≥ 5 regions), 

BMI (1 SD≥ mean),                            

AP Laxity                                 
(KT-2000, 1 

SD≥mean) 

NW+BMI 
8.5RR                              

M: 2.0RR                        
F: 26.3RR 

NR NR 

NW+GL 
3.3RR                              

M: 7.8RR                        
F: 8.2RR 

NR NR 

NW+ KT-2000 
6.4RR                             

M: 2.0RR                        
F: 16.8RR 

NR NR 
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NW+BMI +GL 
7.6RR                              
M: None injured            

F: All injured 

NR NR 

NW+BMI+ KT-

2000 

21.3RR                           

M: None injured            
F: All injured 

NR NR 

 
RRRelative Risk 

NW = notch width, MCW = medial condylar width, LCW = lateral condylar width, BCW = 

bicondylar width, NWI = notch width index, NWA = notch width angle, MTS = medial tibial 

slope, LTS = lateral tibial slope, LPTS = lateral posterior tibial slope, CTS = coronal tibial slope, 

DMC = depth of medial tibial condyle, MCS = middle cartilage slope, MTD = medial tibial 

depth, cBMI = body mass index “centered around the mean,” cWeight = weight “centered 

around the mean,” NR = not reported, KT-2000 = anteroposterior laxity measured using the KT-

2000 (MEDmetric) arthrometer 

 
 
Table 10. Tibial Pooled and Gender Stratified Multivariate Analyses 

Author Year Covariates Variable 
OR [95% CI] Coefficient p-value 

Kizilgoz 2018 

Q angle, MTS, 
LTS, CTS, DMC, 

NW
F

, MCW
F

, 

LCW
F

, 

MCW/LCW
F

, 

BCW
F

, NWI
F

, 

alpha angle
F

, 

NWA
F

  

Q angle 
[1.142-2.318]              
M: [0.130-1.022]          

F: [0.270-1.656] 

0.48             
M: -1.008   

F: -0.402 

0.007        
M: 0.055    

F: 0.385 

MTS 

[1.228-2.968]              

M: [0.219-0.762]            

F: [0.347-2.358] 

0.64         

M: -0.895  

F: -0.101 

0.004        

M: 0.005    

F: 0.837 

LTS 
[0.459-1.103]              
M: [1.150-4.865]          

F: [0.152-1.295] 

-0.34          
M: 0.861     

F: -0.812 

0.128        
M: 0.019    

F: 0.137 

CTS 

[0.465-1.265]              

M: [0.541-2.276]          

F: [0.675-9.960]  

-0.26          

M: 0.104   

F: 0.952 

0.299        

M: 0.777    

F: 0.166 

DMC 
[0.575-2.234]              
M: [0.293-2.525]          

F: [0.246-4.723] 

0.12         
M: -0.151   

F: 0.076 

0.718        
M: 0.784    

F: 0.920 

Hashemi 2010 
LTS, MTD, 

MTS*Sex 

LTS 1.17 [1.002-1.37] NR 0.048 

MTD 3.03 [1.78-5.26] NR <0.001 

MTS*Sex 1.18 [1.01-1.39] NR 0.036 

Bojicic 2017 

Model 1: LPTS, 
cBMI, 

LPTS*cBMI 

PTS 1.12 NR 0.061 

cBMI 0.88 NR 0.140 

PTS*cBMI 1.03 NR 0.050 

Model 2: LPTS, 

cHeight, 

LPTS*cHeight 

PTS 1.12 NR 0.049 

cHeight 3.07 NR 0.754 

PTS*cHeight 1.42 NR 0.497 

Model 3: LPTS, 

cWeight, 
LPTS*cWeight 

PTS 1.13 NR 0.045 

cWeight 0.83 NR 0.348 

PTS*cWeight 1.06 NR 0.055 
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Model 4: MCS, 

cBMI, 

MCS*cBMI 

MCS 1.13 NR 0.037 

cBMI 0.98 NR 0.707 

MCS*cBMI 1.19 NR 0.395 

Model 5: MCS, 
cHeight, 

MCS*cHeight 

MCS 1.15 NR 0.020 

cHeight 32.98 NR 0.288 

MCS*cHeight 1.08 NR 0.904 

Model 6: MCS, 

cWeight, 
MCS*cWeight 

MCS 1.14 NR 0.029 

cWeight 1.04 NR 0.812 

MCS*cWeight 1.03 NR 0.345 

Sturnick 2014 

Model 1: Medial 
tibial spine height 

(MedHeight), 

Medial tibial spine 
width (MedWidth), 

Medial tibial spine 

(MedLength) 

MedHeight 

0.94 [0.72–1.24]          

M: 0.66 [0.37–1.16]      

F: 1.15 [0.81–1.63] 

NR 

0.670        

M: 0.148    

F: 0.434 

MedWidth 

1.03 [0.85–1.24]          

M: 0.97 [0.71–1.31]      

F: 1.12 [0.86–1.47] 

NR 

0.80           

M: 0.84       

F: 0.41 

MedLength 

0.99 [0.94–1.04]          

M: 0.99 [0.89–1.1]        
F: 0.99 [0.94–1.06] 

NR 

0.65          

M: 0.84      
F: 0.87 

Model 2: Medial 

tibial spine 

volume (MedVol), 
anteroposterior 

location of medial 

tibial spine 
(MedLoc) 

MedVol 

0.89 [0.71–1.13]          

M: 0.66 [0.44–0.99]      

F: 1.2 [0.84–1.72] 

NR 

0.34          

M: 0.046    

F: 0.31 

MedLoc 
0.92 [0.79–1.07]          
M: 1.03 [0.75–1.41]       

F: 0.86 [0.72–1.04] 

NR 
0.27          
M: 0.86      

F: 0.13 

Whitney 2014 

ACL volume 

(ACL_Vol), 

weight (kg), NW-

anterior 
attachment 

(NW_AA)
F

,  

Ridge thickness
F 

 

ACL_Vol 

0.772 [0.647-0.921]    

M: 0.715 [0.509-1.004] 

F: 0.793 [0.643-0.991] 

NR 

0.001        

M: 0.053    

F: 0.041 

Weight 
1.053 [1.005-1.103]    
M: 1.015 [0.946-1.088] 

F: 1.088 [1.020-1.161] 

NR 
0.029       
M: 0.681    

F: 0.011 

Sturnick 2015 

Lateral Meniscal 

Slope (LatMCS), 

Lateral Meniscal 
Height (LatMCH), 

NW-anterior 

outlet(NW_O)
F

 

LatMCH 

0.44 [0.221-0.874]      

M: 0.493 [0.181-1.337] 
F: 0.374 [0.136-1.03] 

NR 

0.019        

M: 0.165    

F: 0.057 

LatMCS 

1.216 [1.088-1.359]    

M: 1.023 [0.842-1.244] 
F: 1.325 [1.123-1.564] 

NR 

0.001       

M: 0.816    

F: 0.001 

Vasta  2018 

Tibial AP length 

(AB), Femoral 

Diaphysis width 

(A)
F

, XW
 F

, 

XY
F

, XZ
F

 (refer 

to Figure 5B). 

AB 1.20 [1.06-1.36] 0.180 0.005 
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FFemoral value-presented in Table 9, NW = notch width, MCW = medial condylar width, LCW 

= lateral condylar width, BCW = bicondylar width, NWI = notch width index, NWA = notch 

width angle, MTS = medial tibial slope, LTS = lateral tibial slope, LPTS = lateral posterior tibial 

slope, CTS = coronal tibial slope, DMC = depth of medial tibial condyle, MCS = middle 

cartilage slope, MTD = medial tibial depth, cBMI = body mass index “centered around the 

mean,” cWeight = weight “centered around the mean,” NR = not reported, KT-2000 = 

anteroposterior laxity measured using the KT-2000 (MEDmetric) arthrometer, and MTS×Sex = 

interaction term. 
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