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measurements are incorrectly termed by some as "3D measurements". The plane of the scapula, proposed by Kwon [START_REF] Kwon | Use of three-dimensional computed tomography for the analysis of the glenoid anatomy[END_REF] is the most commonly used and defined by manually selecting three points on the scapula. Freehand-selection has demonstrated reasonable reliability and reproducibility. However, bone dysplasia or bone loss can translate into alterations of the glenoid center and in consequence of this reference plane, which in turn cause systematic errors in glenoid angles measurements [START_REF] Verstraeten | Determination of a reference system for the three-dimensional study of the glenohumeral relationship[END_REF] . In one particular software package (Glenosys, Imascap TM ), the scapular body plane is generated automatically using an algorithm that incorporates all of the points of the scapular body below the suprascapular fossae, without incorporating the glenoid shape [START_REF] Boileau | Automated Three-Dimensional Measurement of Glenoid Version and Inclination in Arthritic Shoulders[END_REF] . Some studies have reported on the assessment of various parameters in the normal glenohumeral joint (GHJ) using both 2D [START_REF] Iannotti | The normal glenohumeral relationships. An anatomical study of one hundred and forty shoulders[END_REF] and 3D [START_REF] Jacxsens | A three-dimensional comparative study on the scapulohumeral relationship in normal and osteoarthritic shoulders[END_REF][START_REF] Matsumura | Morphologic features of humeral head and glenoid version in the normal glenohumeral joint[END_REF][START_REF] Matsumura | Three-dimensional anthropometric analysis of the glenohumeral joint in a normal Japanese population[END_REF] techniques or focused only on the glenoid morphometry [START_REF] Mizuno | Three-dimensional assessment of the normal Japanese glenoid and comparison with the normal French glenoid[END_REF] . However, use of methods that reference the pathologic glenoid may have introduced variability. At present, normal GHJ morphology and glenohumeral relationships have not been assessed using specifically the 3D-scapular body plane. The description of the morphometric limit values in normal GHJ may be used as a reference -that are missing today-and later should help to detect values obtained in different pathologic conditions. As such, the aims of this study were (1)to determine the 3D-geometry of the normal GHJ with reference to a scapular body plane defined through autosegmentation independent of the glenoid, (2)to evaluate the spatial correlation between humeral head position and glenoid orientation. Our hypothesis was that the humeral head position is correlated with the glenoid orientation and direction.

METHODS

Study design

We conducted a prospective study including CT-scans of healthy shoulders with normal GHJ from patients seen in our hospital between 2016 and 2017 (IRB number 2016-13). The CTscan images were obtained from patients without shoulder pathology or injury that had been obtained in the setting of (1) polytraumatism, (2) traumatic head injury, (3) chronic acromioclavicular joint dislocations, or (4) unilateral shoulder trauma with a contralateral normal shoulder. Patients under the age of 18-year-old and patients with cuff pathology, history of shoulder instability, shoulder arthritis, chronic shoulder disorders (except acromioclavicular dislocations) or chronic shoulder pain were excluded, even if they concerned the contralateral shoulder. The criteria that determined exclusion for arthritis were osteophytes, narrowing of the joint, cysts or subchondral condensation on the CT-scan, regardless the subluxation. Shoulders with fracture or inflammatory arthritis were also excluded. All CT-scans included the whole scapula.

Glenohumeral measurements

The parameters of the CT-scan acquisition were 140kV, bone algorithm, 512x512 matrix, slice thickness (Z)<1.25mm, resolution (X, Y)<0.5 mm, 200mm to 300mm field-of-view to visualize the entire scapula. The arm of the patient was positioned neutral with the elbow extended. The automatic processes included the following steps: 1) the anonymized DICOM (Digital Imaging and Communications in Medicine) series were segmented with a 3Dsoftware (Glenosys TM -Imascap v10.4.3, Brest, France) that generated a 3D-image volume. 2) the 3D-image volume was segmented, humerus and scapula meshes were built from the segmentation. 3) morphological analysis was performed on meshes to extract landmarks (such as glenoid center, scapular plane, …). 4) measurements (angles, distances) were performed using previously extracted landmarks. The software further identified cloud of points on the scapular body to establish the reference plane [START_REF] Boileau | Automated Three-Dimensional Measurement of Glenoid Version and Inclination in Arthritic Shoulders[END_REF][START_REF] Gauci | Patient-specific glenoid guides provide accuracy and reproducibility in total shoulder arthroplasty[END_REF][START_REF] Moineau | Three-dimensional measurement method of arthritic glenoid cavity morphology: Feasibility and reproducibility[END_REF][START_REF] Walch | Threedimensional assessment of the dimensions of the osteoarthritic glenoid[END_REF][START_REF] Walch | Three-dimensional planning and use of patient-specific guides improve glenoid component position: an in vitro study[END_REF] and identified points along the intersection of the scapular spine and the scapular body to determine the transverse axis (Figure 1). In the defined coordinate system, the software identified anatomical characteristic points that were used for all subsequent automatic calculation. To describe the 3Dmorphometry of the glenoid, best sphere fitting (BSF) to the glenoid surface was used [START_REF] Lewis | Glenoid spherical orientation and version[END_REF] . The glenoid surface was extracted using the mesh normal on the scapula. The software automatically detected the points on scapula mesh which converge to the same region. Those points with normal convergence defined the glenoid surface. Glenoid version and inclination were measured as 2D angles from a 3D analysis. For example, glenoid inclination was the 2D angle between the glenoid center line (glenoid center to glenoid BFS center) projected onto the scapula plane and the scapula transversal axis projected onto the scapula plane.

The radius of that adjusted BFS and the Root Mean Square (RMS) error of the fitting were calculated. On the humeral side, the BFS radius and RMS were also calculated: Surgical neck was automatically computed as the plan separating the humeral head. Humerus mesh was cut, separating humeral head mesh. Finally, sphere fitting was performed on the points of humeral head mesh, the humeral head volume was also computed. Glenoid and Humeral orientation and direction were calculated as a polar coordinated fashion as proposed by Terrier [START_REF] Terrier | Measurements of three-dimensional glenoid erosion when planning the prosthetic replacement of osteoarthritic shoulders[END_REF] . Glenoid and Humeral orientation and direction were calculated as shown in Figure 2. Glenoid version and inclination, Reverse Shoulder Angle (RSA) and Critical Shoulder Angle were calculated as previously described [START_REF] Boileau | Automated Three-Dimensional Measurement of Glenoid Version and Inclination in Arthritic Shoulders[END_REF][START_REF] Boileau | The reverse shoulder arthroplasty angle: a new measurement of glenoid inclination for reverse shoulder arthroplasty[END_REF][START_REF] Moor | Is there an association between the individual anatomy of the scapula and the development of rotator cuff tears or osteoarthritis of the glenohumeral joint?: A radiological study of the critical shoulder angle[END_REF] . For the CSA angle in scapula plane, the most inferior glenoid point and the most lateral acromial point were automatically detected, the built vector was projected onto the scapula plane. Then the CSA angle was computed as the angle between the vector and the glenoid plane.

For the RSA angle, the glenoid area considered for determining the inferior plane was detected between the inferior glenoid point and the intersection point between the transverse axis and the glenoid surface. The correlation between RSA and CSA measures and inclination were studied to detect any reciprocal influence.

The glenohumeral distance was the distance between the humeral BFS center and the glenoid face center point. Humeral subluxation was defined as the volume (in %) of the humeral head that was posterior to the scapular body plane. Humeral inclination was calculated based on the detection of the proximal diaphysial axis, in the cases where enough length of the diaphysis was available (105 humerus), and on the detection of the anatomic neck [START_REF] Poltaretskyi | Prediction of the pre-morbid 3D anatomy of the proximal humerus based on statistical shape modelling[END_REF] . Humeral version was calculated with respect to the transepicondylar axis of the elbow whenever possible (37 humerus) [START_REF] Poltaretskyi | Prediction of the pre-morbid 3D anatomy of the proximal humerus based on statistical shape modelling[END_REF] . Glenoid and humeral orientations and directions correlations were assessed. To analyze specifically the glenoid and humeral directions, we only included shoulders that were not "centered" (glenoid orientation>10° and humeral orientation >10°), since the direction is not significant in case of a well-centered joint. That way we avoided direction singularity when the orientation was closed to zero.

Statistical analysis

All statistics were performed with MedCalc Statistical Software v18.11.3 (Ostend, Belgium).

The normality of distribution was assessed using the Shapiro-Wilk test. For normally distributed variables, the t-test was used to assess significant differences in univariate analysis, whereas Pearson correlation coefficients were calculated to assess correlation. When normal distribution was rejected, a Mann-Whitney test was used, to assess significant differences in univariate analysis, whereas Spearman-rank coefficients were used to assess correlation. A gender analysis was also performed to estimate any difference for each measure and correlation between male and female. Significance set was determined at p<0.05.

RESULTS

Glenoid and humeral morphometric analysis

Population data and morphometric results are given in Table I. Glenoid and humeral version and inclination are plotted in Figure 3. A normal distribution was not found for age due to the cohort being either young (less than 50 year of age) or older (above 60 years). A normal distribution was not found for the glenoid BFS radius because a minimum inferior threshold of 25 mm was imposed by the software package. However, there was a substantial correlation between the glenoid sphere radius and its area (correlation coefficient r=0.59 -95% CI 0.46 to 0.69, p<0.0001). In an univariate analysis, the distance measurements were found to be statistically different between males and females. Although age was found to be significantly different between male and female groups, age was found to have no correlation with any morphometric variables for the glenoid or humerus; therefore, it was not considered a confounding factor for the differences observed between males and females. No correlation was found between CSA and glenoid inclination (r=0.20; p=0.0248; 95% CI 0.026 to 0.369 -Figure 4). A strong correlation existed between the RSA and the inclination (r=0.87 -95% CI 0.82 to 0.91, p<0.0001). The difference between RSA and inclination was statistically different between genders (female: 4±2°, male: 8±2°, Figure 5). Although no correlation was established between the glenoid size and any angular measurement of the glenoid, a direct relationship was observed between the glenoid size and the difference between the RSA and the glenoid inclination (r=0.78; p<0.0001; 95% CI 0.70 to 0.84 -Figure 6). This correlation was stronger than the correlation of that difference with the glenoid BFS radius (r=0.45; p<0.0001; 95% CI 0.29 to 0.58).

Glenohumeral joint analysis

A substantial correlation was detected between the glenoid and the humerus BFS radius (r=0.65; p<0.0001; 95% CI 0.53 to 0.74). The mismatch between the glenoid and the humerus increased as the glenoid became flatter (r=0.86; p<0.0001; 95% CI 0.80 to 0.90). The glenoid BFS radius was always greater than the humerus BFS, with a constant factor of 1.5 and very little variation (SD=0.2). Similarly, the glenohumeral distance increased as the glenoid area increased (r=0.81; p<0.0001; 95% CI 0.74 to 0.86). Glenoid and humeral orientations and directions were strongly related (r=0.72 -95% CI 0.62 to 0.80 p<0.0001 and r=0.79 -95% CI 0.68 to 0.87, p<0.0001) (Figure 7 & 8). No correlation was found between glenoid and humeral retroversion (r=-0.33; p=0.044; 95% CI -0.59 to -0.01). Analysis of humeral subluxation did identify a weak correlation with humeral version (r=0.40; p=0.014; 95% CI 0.09 to 0.64). In comparison, there was a linear and strong correlation between glenoid version and humeral subluxation (r=-0.70; p<0.0001; 95% CI -0.78 to -0.60 -Figure 9). No age influence was identified. Both the glenoid and the humeral orientations were correlated to the glenoid inclination (glenoid: r=0.78; p<0.0001; 95% CI 0.69 to 0.84 -humerus: r=0.66; p<0.0001; 95% CI 0.54 to 0.75). Glenoid orientation was also correlated to glenoid version (r=-0.56; p<0.0001, 95% Cl -0.67 to -0.43). Although glenoid inclination and humeral orientation were found to be statistically different between men and women, this was not the case for glenoid version and orientation (Figure 10).

DISCUSSION

Knowledge of 3D-morphology in normal GHJ were to date based on pioneering cadaveric studies conducted in the 90's [START_REF] Boileau | The Three-Dimensional Geometry of the Proximal Humerus[END_REF][START_REF] Iannotti | The normal glenohumeral relationships. An anatomical study of one hundred and forty shoulders[END_REF] . On the humerus side, we found very close values to those reported on cadaveric studies. On the glenoid side, Boileau et al 2 demonstrated the ability of our software to calculate on a reproducible and reliable manner the native version and inclination, and showed the reliability of the scapular body plane. The use of an automatic software decreases intra-and interobserver errors that exist when performing free-hand measurements and provides a 3D-description of the GHJ that can be easily reproduced. Our study is the first to analyze the glenohumeral relationships obtained using automated software when applied to CT-scans of normal shoulders. The values reported in this study should hopefully help identify normal GHJ, and may be used as a reference to detect pathologic GHJ early in the degenerative joint disease, in a daily practice. We also set a reference for values obtained in different pathologic conditions like in early B-type glenoid of Walch that are difficult to differentiate from normal shoulder [START_REF] Bercik | A modification to the Walch classification of the glenoid in primary glenohumeral osteoarthritis using threedimensional imaging[END_REF][START_REF] Domos | Walch B0 glenoid: pre-osteoarthritic posterior subluxation of the humeral head[END_REF] . This study also confirms a strong threedimensional correlation between the humeral head and glenoid morphology. Even if a correlation is not sufficient to conclude to a direct causality, it reinforces the hypothesis that there exists a reciprocal interaction between the glenoid and the humerus during development.

In fact, in all healthy shoulders, our study demonstrates that the glenoid and humeral articular surfaces are always facing each other in the standardized position. Thus, interindividual variations are only related to the size and the position of the GHJ relative to the scapular body.

Glenoid and humeral morphometric analysis

Comparing the glenoid and the humeral BFS, we found a constant and linear correlation between their radius of curvature, albeit the absolute values are different. The glenoid BFS radius is always greater than the humerus BFS. This finding corroborates the fact that there is no bony surface congruency in the normal GHJ. Therefore, if we consider only the bony morphology, there exists no anatomical justification to match the radius of curvature of the humerus with the one of the glenoid in shoulder arthroplasty [START_REF] Soslowsky | Articular geometry of the glenohumeral joint[END_REF][START_REF] Walch | Threedimensional assessment of the dimensions of the osteoarthritic glenoid[END_REF] . In this current study, glenoid version ranged between -16° to 3°, which confirms a relative physiological retroversion of the normal glenoid in reference to the plane of the scapula [START_REF] Matsumura | Morphologic features of humeral head and glenoid version in the normal glenohumeral joint[END_REF] . The difference of 1° in the retroversion between male and female was not found significant in our study, contrary to other previous studies [START_REF] Matsumura | Morphologic features of humeral head and glenoid version in the normal glenohumeral joint[END_REF][START_REF] Sabesan | 3D CT assessment of the relationship between humeral head alignment and glenoid retroversion in glenohumeral osteoarthritis[END_REF] , and it does not seem to be clinically relevant. Regarding the glenoid inclination, an interesting finding of this study was its wide variability, which ranged from -3° to 21° (mean of 7°). Part of this variation is interindividual, but this may also be explained by the references chosen for this measurement. Indeed, the definition of the inclination is still highly discussable to date. In our study, the zero-line was determined as the best-fit line to the intersection curve between the scapular spine and the scapular blade; however, a high interindividual variability of this reference line may exist and could be contributing to the real variability of the glenoid inclination. Other authors have proposed alternative references. In a cadaveric study, Churchill et al described a transverse axis determined by the center of the glenoid and the scapular point at the junction of the scapular spine and the vertebral border of the scapula. These authors found a substantial variation in inclination, which ranged from -7° to 16°6 (mean of 4°). Maurer et al reported the use of the ß-angle on CT-scans, using the lateral part of the floor of the supraspinatus fossae as a reference. The inclination ranged between -5° and 24° with a mean of 14°2 0 . Using our method, we found that considering all the shape of the scapula spine and blade, the reference intersection detected points formed a convex curve -not a line -. Nonetheless we chose to conserve a linear representation of the transverse axis to match well-known methods.

However this should be explored in further in-depth studies. The scapular spine anatomy is highly variable in the frontal plane and further investigations must be performed to determine the most consistent reference landmark in the hopes of determining inclination in a narrower range. Our results also showed a significantly greater inclination in women. This difference might provide an explanation to the higher incidence of rotator cuff tears in women. Using the same software, the E0-glenoid, which is considered free of glenoid erosion, has been reported to range in inclination between 3° and 24°3 ,7 . This is globally higher than the inclination of our normal GHJ series, however, the upper limit remains stable around 23°. Measurements of the CSA did not depend on the glenoid inclination and were truthfully independent morphometric parameters of the normal scapula. Our study provides normal values for glenoid version, inclination. Those data are crucial to analyze and compare to the various glenohumeral pathoanatomic states with bony alterations. Similarly, to the version, our inclination analysis could suggest that glenoid dysplasia could exist in both axial and coronal planes and further studies must be carried out in this regard.

Glenohumeral joint analysis

We did not report any "normal" subluxation of the humeral head related to the glenoid surface, and the humeral head position was always centered on the glenoid regardless of glenoid version. Jacxsens et al published similar results in their previous 2D-and 3D-analysis of non-pathologic shoulders, with 48.7% and 51.5% of posterior subluxation [START_REF] Jacxsens | Guidelines for humeral subluxation cutoff values: a comparative study between conventional, reoriented, and three-dimensional computed tomography scans of healthy shoulders[END_REF][START_REF] Jacxsens | Accuracy of the glenohumeral subluxation index in nonpathologic shoulders[END_REF] ; however, their results were obtained from patients with a contralateral pathologic shoulder, which could rise suspicion about possible premorbid predispositions. This also supports, as stated by Ricchetti et al [START_REF] Ricchetti | Is premorbid glenoid anatomy altered in patients with glenohumeral osteoarthritis?[END_REF] with the glenoid vault model, the absence of predisposition to arthritis in the normal GHJ. A pathologic process can be suspected either when there is congenital abnormal glenoid version or by the development of acquired supraphysiologic subluxation that progressively leads to arthritis. Two situations can be described that could be considered the primum movens of the pathologic arthritic shoulder: 1) the humeral head is posteriorly subluxed relative to a glenoid with normal retroversion (under 15°) or 2) the glenoid retroversion is excessive (over 15°) with a centered humeral head. We never observed these combinations on normal shoulders. Specifically, retroversion over 15° should raise the suspicion of a possible ongoing pathological process. Using the same software, Paul et al found that C-dysplastic glenoid had retroversion angles that ranged between 19° and 68°2 [START_REF] Boileau | The Three-Dimensional Geometry of the Proximal Humerus[END_REF] .

As such, the widely accepted threshold of 25° of retroversion to quality for glenoid dysplasia could be lowered, and some degree of dysplasia could be already suspected over 15° of native retroversion. Regarding subluxation, we found a mean humeral subluxation of 59%, with an upper limit of 74%. To this end, it seems essential to differentiate and consider humeral subluxation relative to the scapula from humeral subluxation relative to the glenoid [START_REF] Kidder | Humeral Head Posterior Subluxation on CT Scan: Validation and Comparison of 2 Methods of Measurement: Tech[END_REF] . To provide useable landmarks, we propose that subluxation in reference to the scapular plane can be considered normal under 65% for glenoid version values around 0° and under 75% for a retroversion around 10°. Beyond these values, subluxation should be suspected to be pathologic and always interpreted in the light of glenoid morphology.

Strengths and limitations

Due to some CT-scans not included the whole diaphysis of the humerus, we could not calculate humerus inclination and version for all shoulders however it did not have implications in the glenohumeral relationships analyses. Another limitation is that our measurements do not consider changes in the thickness of the articular cartilage. However, we believe that the consideration of the entire surface of the glenoid in a 3D-reconstruction provides a fairer and more accurate description than it could be given by a 2D-slice measure or a model related to its partial surface [START_REF] Wilde | Glenohumeral relationship in the transverse plane of the body[END_REF][START_REF] Verstraeten | Determination of a reference system for the three-dimensional study of the glenohumeral relationship[END_REF] . The choice of few specific points on the glenoid surface or rim may not provide a fair representation of an irregular glenoid surface damaged by an arthritic ongoing process. Finally the glenohumeral correlation and humeral position measurements (subluxation, glenohumeral distance) could be modified by the position of the patient in the CT-scan. We assume that the high number of included shoulders (122) and the standardize position of the patient during the acquisition may limit such variations. The strengths of this prospective study are 1/ the use of the 3D-automatic segmentation that allowed to eliminate the risk of inter-and intraobservers differences. 2/ the use of very strict criteria to include patients with a normal shoulder even if we do not take into account the ethnicity of the included patients [START_REF] Mizuno | Three-dimensional assessment of the normal Japanese glenoid and comparison with the normal French glenoid[END_REF] and the possible development stresses impact on the morphology of the GHJ [START_REF] Wyland | Bony adaptation of the proximal humerus and glenoid correlate within the throwing shoulder of professional baseball pitchers[END_REF] .

Conclusion

The 3D-geometry of the glenoid and humeral head remains consistent and present distinct limits in normal shoulders (without pathology or injury): version and inclination are -6° and 7° respectively and humeral posterior subluxation is 59%. The inter-individual variations, regardless of the size, are relative to the scapular plane. There exists a strong correlation between the position of the humeral head and the glenoid orientation (r=0.72) and direction (r=0.79). Our study established that there is a strong reciprocal interaction between the glenoid and the humerus during development to reach a normal shoulder, independent of the shape of the body of the scapula. 
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 1 Figure 1: Modelization of the transverse axis: intersection points (yellow points) were detected at the junction of the scapular spine and the scapular blade (A). The intersection curve was built through the detected points (orange curve)(B). The transverse axis was defined as the best-fit line (orange arrow) to the intersection curve and it was used to measure inclination, orientation and direction: frontal view (C), superior view (D).

Figure 2 :

 2 Figure 2: Best Fit Spheres were calculated for the Glenoid (A) and the Humerus (B) to determine Orientation and Direction. Red point: center of the Glenoid BFS, Green point: center of the Humerus BFS. (C): Glenoid Orientation was calculated as the angle between the glenoid centerline (blue line, connecting the glenoid BFS center and the glenoid face center point) and the transverse axis (green line). (D): Glenoid Direction was calculated as the angle, in a plane normal to the transverse axis, between the posterior axis and the projection of the glenoid centerline (positive value means superior direction while negative value means inferior direction). Humeral Orientation and Direction were determined following the same methods in reference to the angle between the glenohumeral centerline (orange line, connecting the humeral best-fit sphere center with the glenoid face center point) and the transverse axis.
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 345 Figure 3: Relative frequency of glenoid and humerus version and inclination in normal shoulders
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 6 Figure 6: Relationship between the glenoid size and the difference between the RSA and the glenoid inclination.
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 7 Figure 7: Regression of Humeral versus Glenoid Orientation in all normal shoulder (left picture) and Humeral versus Glenoid Direction in normal shoulder not fully centered (right picture).
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 8 Figure 8: Polar Relationship between Humeral BFS center (blue spots) and Glenoid BFS Center (green spots) in normal shoulders (black arrow: posterior axis)
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 9 Figure 9: Humeral Subluxation versus Glenoid version in all normal shoulder.
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 10 Figure 10: Distribution of glenoid inclination, humerus orientation and glenoid orientation in normal shoulders of females and males.

  

  

  

  

  

  

  

  

Table I : Three-dimensional morphologic description data of the normal glenohumeral joint.

 I 

			Global	Range	Normal Distribution	Female	Male	p
	N =		122	-	-	58	64	-
	Age (years)		52±17	21;88	0.014	59±17	46±14	<0.0001 a
	Side (R / L)		64 / 58	-	-	32 / 26	/ 32	0.569 b
	Glenoid Orientation (°)	11 ±5	1;23	0.408	11 ±5	10 ±4	0.159 c
	Glenoid Direction (°)	47 ±35	-116;127	0.0001	53 ±35	±34	0.054 a
	Glenoid Version (°)	-6 ±4	-16;3	0.073	-6 ±4	-7 ±4	0.335 c
	Glenoid Inclination (°)	7.5 ±5	-3;21	0.190	9 ±5	6 ±5	0.020 c
	Humeral Orientation (°)	15 ±6	2;27	0.148	16 ±5	13 ±5	0.011 c
	Humeral Direction (°)	55 ±41	-159;153	<0.0001	51 ±475	±35	0.766 a
	Humeral Version (°) *	-23 ±10	-47;-2	0.468	-23 ±10	-25 ±10	0.592 c
	Humeral Inclination (°) **	135 ±3	128;144	0.293	134 ±4	±3	0.138 c
	Humeral Subluxation (%)	59 ±7	38;74	0.319	60 ±8	58 ±7	0.239 c
	CSA (°)		32 ±4	22;42	0.247	32 ±4	32 ±4	0.783 c
	RSA (°)		14 ±4	2;24	0.328	13 ±4	14 ±4	0.157 c
	RSA -Inclination (°)	6 ±3	0;13	0.017	4 ±2	8 ±2	<0.0001 a
	Glenoid area (mm	2 )	765 ±138	509;1086	0.085	652 ±76	867 ±96	<0.0001 c
	Glenoid BFS radius (mm)	33 ±4	25;45	0.034	30 ±3	35 ±3	<0.0001 a
	Glenoid BFS RMS (mm)	0.6 ±0.1	0.4;0.9	<0.0001	0.6 ±0.1	0.6 ±0.1	0.485 a
	Humeral BFS radius (mm)	22 ±2	17;26	0.380	21 ±1	23 ±2	<0.0001 c
	Humeral BFS RMS (mm)	1.5 ±0.9	0.8;5.2	<0.0001	1.4 ±0.8	1.6 ±1	0.016 a
	Mismatch BFS G/H	11 ±3	4;21	0.017	10 ±3	12 ±3	0.0002 a
	GlenoHumeral Distance (mm)	27 ±2	22;31	0.0008	25 ±1	28 ±2	<0.0001
	G: Glenoid; H Humerus						
	* given over 37 humerus (27 F / 10 M);					
	** given over 105 humerus (52 F / 53 M)					

a CSA: Critical Shoulder Angle; RSA: Reverse Shoulder Angle; BFS: Best Fit Sphere; RMS: Root Mean Square; a Mann-Whitney test; b Chi-squared test; c t-test;

approval was received from the Institut Universitaire Locomoteur & Sport (IRB