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ABSTRACT
Aims: This study aimed to compare the standard and congruent arc Latarjet techniques in anterior shoulder instability using 
a multiplanar computed tomography (CT)-based modeling approach, with particular focus on coracoid process morphology, 
glenoid reconstruction capacity, and graft contact surface area.
Methods: A total of 200 patients were included for coracoid measurements and 156 patients for glenoid measurements. Coracoid 
length, width, and thickness were evaluated, and glenoid width was measured on CT images. The potential glenoid bone defect 
reconstruction capacity and graft to glenoid contact surface area were calculated for both techniques. Gender-based anatomical 
differences were also analyzed.
Results: Coracoid dimensions were significantly larger in males than in females. The congruent arc Latarjet technique allowed 
reconstruction of a larger proportion of the anterior glenoid bone defect (mean 55%) than the standard Latarjet technique 
(mean 37%). In contrast, the standard technique provided a larger contact surface area between the transferred coracoid graft 
and the glenoid (452±126 mm² vs. 292±105 mm², p<0.001). Smaller coracoid dimensions, particularly in female patients, were 
associated with a smaller graft to glenoid contact area and the need for smaller fixation screws, which may reduce the mechanical 
stability of graft fixation.
Conclusion: While the congruent arc Latarjet technique allows reconstruction of larger glenoid bone defects, the standard 
technique offers a greater contact surface area that may favor graft healing and fixation stability. Coracoid process morphology, 
especially in smaller-sized coracoids, should be considered during surgical planning. Preoperative evaluation of coracoid process 
dimensions may help optimize technique selection and reduce the risk of complications.
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INTRODUCTION
Anterior shoulder instability is one of the most common forms 
of joint instability and accounts for the majority of shoulder 
dislocations. Recurrent instability is frequently associated 
with anteroinferior glenoid bone loss, which directly 
affects treatment outcomes.1 Biomechanical studies have 
demonstrated that increasing glenoid defects significantly 
compromise shoulder stability.2 Although soft tissue repairs 
may be effective in selected cases, failure rates increase in 
the presence of substantial bone loss.3 Therefore, both soft 
tissue and bony structures should be considered together 
in the evaluation of anterior shoulder instability. Accurate 
analysis of anatomical and biomechanical factors is critical in 
determining the most appropriate surgical approach.

In the surgical management of anterior shoulder instability, 
various techniques have been described, particularly in cases 
with significant bone defects. Among these, the Latarjet 
procedure, based on coracoid process transfer, is widely 
preferred due to its ability to provide both static and dynamic 

stability.4 In the classic Latarjet technique, the inferior surface 
of the coracoid is fixed to the anteroinferior glenoid, whereas 
in the congruent-arc modification, the coracoid is rotated 
by 90° to achieve a reconstruction that better conforms to 
the native glenoid curvature. This modification has been 
shown to restore larger glenoid defects and improve articular 
congruency.5 However, there is ongoing debate regarding 
graft fixation strength, union potential, and the risk of 
complications.6 Although favorable clinical outcomes have 
been reported for both techniques7,8 their biomechanical 
differences have not yet been fully clarified.

Although both the standard and congruent-arc Latarjet 
techniques are widely used in clinical practice, studies 
comparing these methods from anatomical and 
biomechanical perspectives remain limited. In particular, 
the impact of coracoid morphology on surgical feasibility has 
not been sufficiently investigated in detail.9 Existing studies 
suggest that while the congruent-arc technique may restore 
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larger defects, it may also present disadvantages in terms of 
contact surface area and fixation stability.10 Furthermore, 
the influence of anatomical differences between male 
and female patients on surgical outcomes has not been 
adequately evaluated in the literature.11 This issue should 
not be overlooked, as smaller coracoid dimensions may 
increase the risk of intraoperative fracture and inadequate 
fixation. Therefore, further detailed investigation of the 
effects of coracoid anatomy on different surgical techniques 
is warranted.

The aim of this study was to compare the standard and 
congruent-arc Latarjet techniques using a multiplanar 
computed tomography (CT)-based modeling approach. In 
this context, coracoid measurements, glenoid reconstruction 
capacity, and graft contact surface area were evaluated. In 
addition, the impact of anatomical differences between 
male and female patients on surgical feasibility and fixation 
stability was analyzed. We hypothesized that the congruent-
arc technique would be able to restore larger glenoid defects, 
whereas the standard technique would provide a greater 
bone contact surface area. Furthermore, it was anticipated 
that fixation parameters and the risk of complications could 
be affected, particularly in patients with smaller coracoid 
dimensions.

METHODS
Ethics
In this retrospective study, shoulder joint CT images of 200 
patients who presented between 2000 and 2020 were analyzed. 
Ethical approval was obtained the Ankara University Human 
Researches Ethics Committee (Date: 13.02.2020, Decision 
No: I1-72-20), and the study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Study Design
Patients with acute or healed fractures involving the 
proximal humerus, clavicle, or scapula, radiographic 
evidence of glenohumeral osteoarthritis, previous shoulder 
surgery, congenital or acquired shoulder deformities, or CT 
images with motion artifacts, incomplete visualization of 
the anatomical landmarks, or insufficient image quality for 
reliable measurements were excluded.

A total of 200 patients were included for coracoid 
measurements, while 156 patients were included for 
glenoid measurements. CT images were transferred to 
appropriate imaging software and analyzed using the 
multiplanar reconstruction function. Using this method, 
an oblique sagittal view of the coracoid was obtained, and 
the distance from the tip of the coracoid to its “elbow” was 
measured (Figure 1). Additionally, cross-sectional images 
perpendicular to the axis of the coracoid were generated to 
obtain a mid-section view; on this section, the medial-lateral 
width and superior-inferior thickness of the coracoid were 
measured (Figure 2).

Glenoid width was measured on CT images of 156 patients, 
and mean values were calculated. At this stage, patients with 
glenoid bone defects were excluded. The presence of glenoid 
bone loss was assessed on sagittal CT sections using the 
“best-fit circle” method. For this purpose, an optimal circle 
was fitted to the posterior and inferior margins of the glenoid, 

and the presence of a defect was determined based on this 
reference (Figure 3). In these patients, the potential glenoid 
defect restoration ratios were calculated for both surgical 
techniques.

Figure 3. Assessment of glenoid bone loss on the sagittal view by fitting a 
best-fit circle to determine the presence of a defect

The contact surface area between the coracoid and the 
anteroinferior glenoid region, which is critical for bone union, 
was calculated based on the method described by Michel 
Latarjet. In the standard technique, the contact area was 
determined by multiplying the coracoid length by its medial-
lateral width, whereas in the congruent-arc modification, 
it was calculated by multiplying the coracoid length by its 
superior-inferior thickness (Figure 4).

Figure 1. Oblique sagittal view of the coracoid process. The reference line was 
drawn through the region corresponding to the “elbow” of the coracoid

Figure 2. Measurement of thickness (vertical) and width (horizontal) on the 
oblique axial view of the coracoid process
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Figure 4. Illustration of coracoid process measurements

Maximum screw diameters applicable for both techniques in 
male and female patients were calculated based on the 40% 
rule for safe fixation of bone with screws.12

Three-dimensional visualizations of the coracoid transfer 
procedures were generated using Mimics Innovation Suite 
22.0 (Materialise, Leuven, Belgium).

Statistical Analysis
All data analysis of the data was performed using IBM SPSS 
Statistics version 15.0. Descriptive statistics were expressed as 
mean and standard deviation (SD) for normally distributed 
continuous variables, and as number (n) and percentage (%) 
for categorical variables. Student’s t-test was used to compare 
coracoid measurements between male and female patients, as 
well as the contact surface areas between the coracoid and the 
anteroinferior glenoid in both techniques. A p-value of <0.05 
was considered statistically significant.

RESULTS
A total of 200 patients (129 males, 71 females) were included 
for coracoid measurements, and 156 patients (94 males, 62 
females) for glenoid measurements. The mean age of the 
patients was 42 years (range, 17-70). When all patients were 
evaluated, the mean coracoid length was 27.4±3.6 mm, the 
medial-lateral width was 16.2±2.7 mm, and the superior-
inferior thickness was 10.4±2.7 mm (Table 1).

Table 1. Coracoid process measurements

Coracoid length 
(X) (mm)

Coracoid width 
(Y) (mm)

Coracoid thickness 
(Z) (mm)

Mean 27.4±3.6 16.2±2.7 10.4±2.7

Minimum 20.6 11.1 5.8

Maximum 32.8 20.1 14.9
Values are presented as mean±standard deviation

In the gender-based analysis, coracoid length (29.4±1.6 
mm), width (17.4±1.4 mm), and thickness (11.5±1.5 mm) 
were significantly greater in males compared to females. In 
females, these values were 23.1±1.9 mm, 13.0±1.4 mm, and 
7.0±1.4 mm, respectively (Table 2). The mean glenoid width 
was 28.1±1.3 mm, with values of 30.5±1.3 mm in males and 
24.6±1.0 mm in females (Table 3).

Table 2. Comparison of coracoid process measurements between males 
and females

Male (mm) Female (mm) p-value

Coracoid length 29.4±1.6 23.1±1.9 <0.001

Coracoid width 17.4±1.4 13.0±1.4 <0.001

Coracoid thickness 11.5±1.5 7.0±1.4 <0.001
Values are presented as mean±standard deviation

Table 3. Glenoid width measurements

All patients (mm) Males (mm) Females (mm)

Glenoid width 28.1±1.3 30.5±1.3 24.6±1.0
Values are presented as mean±standard deviation

The proportion of glenoid bone defect that could potentially 
be reconstructed by the coracoid process was found to be a 
mean of 37% (23-44%) with the standard Latarjet technique 
and 55% (44-61%) with the congruent-arc technique (Table 
4). When analyzed by sex, these values were 37% (25-44%) 
and 57% (47-61%) in males, and 28% (23-41%) and 52% 
(44-61%) in females for the standard and congruent-arc 
techniques, respectively (Table 5, 6).

Table 4. Restorable glenoid ratios with both techniques

Mean (%) Min (%) Max (%)

Standard Latarjet 34 23 44

Congruent-arc Latarjet 55 44 61
Min: Minimum, Max: Maximum

Table 5. Restorable glenoid ratios with both techniques in male patients

Mean (%) Min (%) Max (%)

Standard Latarjet 37 25 44

Congruent-arc Latarjet 57 47 61
Min: Minimum, Max: Maximum

Table 6. Restorable glenoid ratios with both techniques in female patients

Mean (%) Min (%) Max (%)

Standard Latarjet 28 23 41

Congruent-arc Latarjet 52 44 61
Min: Minimum, Max: Maximum

Regarding the bone contact surface area, the mean value 
was 452±126 mm² for the standard Latarjet technique and 
292±105 mm² for the congruent-arc technique (Table 7), 
with a statistically significant difference between the two 
(p<0.001).

Table 7. Mean screw diameters applicable for both techniques in males and 
females

Male (mm) Female (mm)

Standard Latarjet 7.0 5.0

Congruent-arc Latarjet 4.5 2.8

Based on the mean coracoid values in male and female 
patients, the maximum screw diameters applicable for 
both surgical techniques were calculated. Accordingly, in 
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the standard Latarjet technique, the use of screws with a 
mean diameter of 7 mm in males and 5 mm in females 
was considered appropriate. In the congruent-arc Latarjet 
technique, these values were calculated as 4.5 mm in males 
and 2.8 mm in females (Table 8).

Table 8. Statistical comparison of coracoid contact surface area between 
both techniques

Standard Latarjet 
(mm²)

Congruent-arc Latarjet 
(mm²) p-value

Coracoid contact area 452±126 292±105 <0.001
Values are presented as mean±standard deviation

DISCUSSION
In this study, the standard and congruent-arc Latarjet 
techniques were compared using a multiplanar tomographic 
modeling approach. Coracoid and glenoid morphology 
were evaluated in detail, and for both techniques, glenoid 
reconstruction capacity, contact surface area, and potential 
fixation parameters were analyzed. In addition, the impact 
of anatomical differences between male and female patients 
on surgical feasibility was investigated. The findings 
demonstrated notable biomechanical differences between the 
two techniques.

In the literature, coracoid morphology has been reported to 
differ between genders, with males generally exhibiting larger 
coracoid dimensions than females. Studies by Young et al.13 
and Ljungquist et al.14 have demonstrated that coracoid length 
typically ranges between approximately 26 and 28 mm.                                                                                                                                
In our study, the mean coracoid length was 29.4 mm in males 
and 23.1 mm in females, with this difference being statistically 
significant. Similarly, width and thickness measurements 
were also significantly greater in males. These findings 
are consistent with the existing literature and support the 
reliability of the multiplanar reconstruction method used in 
our study.

The impact of glenoid bone defects on shoulder stability is well 
established, and it is widely accepted that soft tissue repair 
alone is insufficient in defects exceeding 25-30%.15 Previous 
studies have reported that the congruent-arc technique can 
restore larger defects, whereas the classic Latarjet technique 
typically achieves reconstruction rates of approximately 30-
36%.16 In our study, the mean glenoid reconstruction was 37% 
with the standard technique and 55% with the congruent-
arc technique. These results are consistent with the literature 
and suggest that the congruent-arc technique provides an 
advantage in the management of larger defects. However, this 
advantage should be interpreted in conjunction with other 
biomechanical parameters.

Although glenoid reconstruction is important, it has 
been shown that stability is not solely dependent on bony 
restoration. Yamamoto et al.17 reported that the dynamic 
sling effect plays a significant role in the Latarjet procedure. 
Furthermore, while increased restoration of the glenoid 
surface may theoretically normalize contact pressures, 
articular incongruity may pose a risk for the development 
of osteoarthritis. Our findings indicate that although the 
congruent-arc technique provides greater reconstruction, its 
potential clinical implications should be carefully considered.

Previous studies have demonstrated that the standard 
Latarjet technique provides greater primary fixation stability, 
whereas the congruent-arc technique may fail under lower 
loads.16,18 This difference is thought to be related to the 
contact surface area between the graft and the glenoid. In our 
study, consistent with these findings, the contact surface area 
was 452 mm² in the standard technique and 292 mm² in the 
congruent-arc technique. A smaller contact surface area may 
represent a disadvantage in terms of both bone union and 
fixation stability, and this issue may be particularly relevant 
in patients with smaller coracoid dimensions.16

In terms of screw fixation, the literature generally reports the 
use of screws with diameters ranging from 3.5 to 4.5 mm. 
However, according to AO principles, the screw diameter 
should not exceed 40% of the bone diameter.12 In our study, 
coracoid thickness was significantly lower in female patients, 
and smaller screw diameters were required, particularly in 
the congruent-arc technique. This may compromise fixation 
stability and increase the risk of intraoperative fracture and 
nonunion. Therefore, consideration of coracoid dimensions 
during surgical planning is of great importance.

Studies evaluating Latarjet outcomes specifically in female 
patients are limited in the literature.11 Available data suggest 
that the incidence of instability in females is not markedly 
different from that in males.19,20 However, our findings 
indicate that smaller coracoid dimensions in female patients 
may lead to biomechanical disadvantages, particularly with 
the congruent-arc technique. Accordingly, gender-related 
anatomical differences should be taken into account when 
selecting patients and determining the surgical technique.

Limitations
This study has several limitations. First, its retrospective 
design and reliance on data from a single center may limit 
the generalizability of the findings. Additionally, the analyses 
were based on static measurements, and physiological 
loading conditions as well as dynamic muscle forces were not 
incorporated into the model. Furthermore, the lack of clinical 
outcome assessment restricts the direct clinical applicability 
of the results.

Despite these limitations, the study also has notable 
strengths. The use of multiplanar tomographic analysis 
enabled a detailed and quantitative evaluation of coracoid 
and glenoid morphology, thereby enhancing the reliability of 
the findings. Moreover, the comparison of both the standard 
and congruent-arc Latarjet techniques within the same 
model allowed for a clearer demonstration of biomechanical 
differences between the techniques. In addition, the 
evaluation of sex-related anatomical differences provides a 
unique contribution to the existing literature.

CONCLUSION
This study demonstrated that the standard and congruent-
arc Latarjet techniques used in anterior shoulder instability 
exhibit distinct biomechanical characteristics. While the 
congruent-arc technique was found to restore larger glenoid 
bone defects, the standard Latarjet technique provided 
a greater contact surface area. In addition, significant 
differences in coracoid measurements were observed between 
male and female patients, suggesting that these anatomical 
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variations may influence surgical feasibility. The smaller 
coracoid dimensions observed particularly in female patients 
result in the need for smaller screw diameters and a more 
limited contact surface area in the congruent-arc technique. 
This may reduce fixation stability and increase the risk of 
complications. Our findings indicate that surgical decision-
making should consider not only the size of the glenoid defect 
but also the morphology of the coracoid process. In patients 
with smaller coracoid dimensions, techniques that provide a 
larger contact surface area may be more appropriate.

ETHICAL DECLARATIONS
Ethics Committee Approval
This study was approved by the Ankara University Human 
Researches Ethics Committee (Date: 13.02.2020, Decision 
No: İ1-72-20).

Informed Consent
This retrospective study used pre-existing anonymized 
patient data. No additional intervention was performed, and 
there was no direct patient contact. The study was approved 
by the Ethics Committee, and the requirement for written 
informed consent was waived by the ethics committee.

Peer Review Process
This manuscript was subject to external peer review.

Conflict of Interest
The authors declare no conflicts of interest related to this 
study.

Financial Disclosure
The authors received no financial support for the conduct or 
publication of this research.

Author Contributions
Concept: AA, MA; Design: AA, AM, SNA; Control: MK, 
MA; Resources: AA; Materials: AA; Data Collection and/
or Processing: AA; Analysis and/or Interpretation: AA; 
Literature Review: AA, MK, SNA; Writing the Article: AA, 
MK, MA; Critical Review: AA, MK, SNA, MA.

Acknowledgments
The authors would like to thank all contributors involved in 
this study.

REFERENCES
1.	 Sugaya H, Moriishi J, Dohi M, Kon Y, Tsuchiya A. Glenoid rim 

morphology in recurrent anterior glenohumeral instability. J Bone Joint 
Surg Am Vol. 2003;85(5):878-884. doi:10.2106/00004623-200305000-
00016

2.	 Dolan CM, Hariri S, Hart ND, McAdams TR. An anatomic study of 
the coracoid process as it relates to bone transfer procedures. J Shoulder 
Elbow Surg. 2011;20(3):497-501. doi:10.1016/j.jse.2010.08.015

3.	 Gill TJ, Zarins B. Open repairs for the treatment of anterior shoulder 
instability. Am J Sports Med. 2003;31(1):142-153. doi:10.1177/03635465
030310011001

4.	 Allain J, Goutallier D, Glorion C. Long-term results of the Latarjet 
procedure for the treatment of anterior instability of the shoulder. 
J Bone Joint Surg Am. 1998;80(6):841-852. doi:10.2106/00004623-
199806000-00008

5.	 de Beer JF, Roberts C. Glenoid bone defects-open latarjet with 
congruent arc modification. Orthop Clin North Am. 2010;41(3):407-415. 
doi:10.1016/j.ocl.2010.02.008

6.	 Knapik DM, Cumsky J, Tanenbaum JE, Voos JE, Gillespie RJ. 
Differences in coracoid and glenoid dimensions based on sex, race, 
and age: implications for use of the Latarjet technique in glenoid 
reconstruction. HSS J. 2018;14(3):238-244. doi:10.1007/s11420-018-
9618-4

7.	 Di Giacomo G, Costantini A, De Gasperis N, et al. Coracoid graft 
osteolysis after the Latarjet procedure for anteroinferior shoulder 
instability: a computed tomography scan study of twenty-six patients. 
J Shoulder Elbow Surg. 2011;20(6):989-995. doi:10.1016/j.jse.2010.11.016

8.	 Maynou C, Cassagnaud X, Mestdagh H. Function of subscapularis 
after surgical treatment for recurrent instability of the shoulder using 
a bone-block procedure. J Bone Joint Surg Br. 2005;87(8):1096-1101. doi: 
10.1302/0301-620X.87B8.14605

9.	 Rossi LA, Tanoira I, De Cicco FL, Ranalletta M. Traditional versus 
congruent-arc Latarjet anatomic and biomechanical perspective. 
EFORT Open Rev. 2021;6(4):280-287. doi:10.1302/2058-5241.6.200074

10.	Noonan B, Hollister SJ, Sekiya JK, Bedi A. Comparison of reconstructive 
procedures for glenoid bone loss associated with recurrent anterior 
shoulder instability. J Shoulder Elbow Surg. 2014;23(8):1113-1119. doi:10. 
1016/j.jse.2013.11.011

11.	du Plessis JP, Dachs RP, Vrettos BC, et al. The modified Latarjet 
procedure in female patients: clinical outcomes and complications. J 
Shoulder Elbow Surg. 2018;27(1):e9-e15. doi:10.1016/j.jse.2017.07.030

12.	Advances in Bone Fracture Treatment | PDF | Science & Mathematics | 
Technology & Engineering. Accessed May 1, 2026. https://www.scribd.
com/document/697138464/Koch-AO-Manual-Chapter-2-2005

13.	Young AA, Baba M, Neyton L, Godeneche A, Walch G. Coracoid graft 
dimensions after harvesting for the open Latarjet procedure. J Shoulder 
Elbow Surg. 2013;22(4):485-488. doi:10.1016/j.jse.2012.05.036

14.	Ljungquist KL, Butler RB, Griesser MJ, Bishop JY. Prediction of 
coracoid thickness using a glenoid width-based model: implications 
for bone reconstruction procedures in chronic anterior shoulder 
instability. J Shoulder Elbow Surg. 2012;21(6):815-821. doi:10.1016/j.jse. 
2011.10.006

15.	Yamamoto N, Itoi E, Abe H, et al. Effect of an anterior glenoid defect on 
anterior shoulder stability: a cadaveric study. Am J Sports Med. 2009; 
37(5):949-954. doi:10.1177/0363546508330139

16.	Montgomery SR, Katthagen JC, Mikula JD, et al. Anatomic and 
biomechanical comparison of the classic and congruent-arc techniques 
of the Latarjet procedure. Am J Sports Med. 2017;45(6):1252-1260. doi: 
10.1177/0363546516685318

17.	Yamamoto N, Muraki T, An KN, et al. The stabilizing mechanism of 
the Latarjet procedure: a cadaveric study. J Bone Joint Surg Am. 2013; 
95(15):1390-1397. doi:10.2106/JBJS.L.00777

18.	Giles JW, Puskas G, Welsh M, Johnson JA, Athwal GS. Do the traditional 
and modified latarjet techniques produce equivalent reconstruction 
stability and strength? Am J Sports Med. 2012;40(12):2801-2807. doi:10. 
1177/0363546512460835

19.	Patzkowski JC, Dickens JF, Cameron KL, Bokshan SL, Garcia EJ, Owens 
BD. Pathoanatomy of shoulder instability in collegiate female athletes. 
Am J Sports Med. 2019;47(8):1909-1914. doi:10.1177/0363546519850810

20.	Owens BD, Agel J, Mountcastle SB, Cameron KL, Nelson BJ. Incidence 
of glenohumeral instability in collegiate athletics. Am J Sports Med. 
2009;37(9):1750-1754. doi:10.1177/0363546509334591

https://doi.org/10.2106/00004623-200305000-00016
https://doi.org/10.2106/00004623-200305000-00016
https://doi.org/10.1016/j.jse.2010.08.015
https://doi.org/10.1177/03635465030310011001
https://doi.org/10.1177/03635465030310011001
https://doi.org/10.2106/00004623-199806000-00008
https://doi.org/10.2106/00004623-199806000-00008
https://doi.org/10.1016/j.ocl.2010.02.008
https://doi.org/10.1007/s11420-018-9618-4
https://doi.org/10.1007/s11420-018-9618-4
https://doi.org/10.1016/j.jse.2010.11.016
https://doi.org/10.1302/0301-620X.87B8.14605
https://doi.org/10.1302/2058-5241.6.200074
https://doi.org/10.1016/j.jse.2013.11.011
https://doi.org/10.1016/j.jse.2013.11.011
https://doi.org/10.1016/j.jse.2017.07.030
https://doi.org/10.1016/j.jse.2012.05.036
https://doi.org/10.1016/j.jse.2011.10.006
https://doi.org/10.1016/j.jse.2011.10.006
https://doi.org/10.1177/0363546508330139
https://doi.org/10.1177/0363546516685318
https://doi.org/10.2106/JBJS.L.00777
https://doi.org/10.1177/0363546512460835
https://doi.org/10.1177/0363546512460835
https://doi.org/10.1177/0363546519850810
https://doi.org/10.1177/0363546509334591

