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3D evaluation of the scapular morphology in primary glenohumeral arthritis, rotator 1 

cuff arthropathy and asymptomatic shoulders 2 

 3 

Abstract 4 

Aim and background 5 

Recently, the 3D morphology of the coracoacromial complex in non-pathologic shoulders 6 

have been described. The aim of this study was to evaluate and compare the coracoacromial 7 

complex in pathological shoulders (glenohumeral osteoarthritis (GHOA) and cuff tear 8 

arthropathy (CTA)) with non-pathological shoulders (NL). 9 

Methods 10 

A 3D CT-reconstruction of 205 scapulae was performed (GHOA (49), CTA (48), NL (108)). 11 

Subsequently, the center of the glenoid circle and several points at the coracoid, acromion and 12 

glenoid were determined. The distances between these points and the rotation of the 13 

coracoacromial complex were calculated and the acromioglenoidal angle was measured. 14 

Results 15 

Our study showed the acromial overhang to be significantly different in the NL group (37 16 

mm) versus CTA (35 mm) (p=0.045), and CTA versus GHOA (33mm) (p=0.010). The 17 

acromioglenoidal angle showed a significant difference between NL (mean 50°) and GHOA 18 

(mean 42°) (p<0.001) and between CTA (mean 50°) and GHOA (p<0.001). Furthermore a 19 

significant difference was found in the acromial height, which was larger in the GHOA group 20 

(36mm) than the CTA group (30mm) (p<0.001) or the NL group (30mm) (p<0.001). 21 

Conclusion 22 
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This 3D morphologic study showed that the acromial part of the complex was turned more 23 

posteriorly in both pathologic groups. Furthermore, we found the coracoacromial complex to 24 

be more cranial to the glenoid center in the GHOA group. Finally, a significant difference in 25 

lateral overhang of the coracoacromial complex was observed between the three groups. The 26 

NL group was found to have a larger overhang than CTA, and CTA in turn had a larger 27 

overhang than GHOA. 28 

Level of evidence: Anatomy Study; Imaging 29 

 30 

Keywords: 3D evaluation; coracoacromial complex; shoulder; scapula; acromion; primary 31 

glenohumeral arthritis; rotator cuff arthropathy 32 

 33 

 34 

Over the last few years, several articles have demonstrated a possible correlation between the 35 

individual anatomy of the scapula and its acromion and the development of cuff tear 36 

arthropathy or osteoarthritis of the glenohumeral joint10-12. 37 

Nyffeler et al postulated the association between the changes in the force’s orientations and 38 

the lateral extension of the acromion using the acromial index. This is defined on a true AP 39 

radiograph as the ratio of the distance from the glenoid plane to the lateral border of the 40 

acromion to the distance from the glenoid plane to the lateral aspect of the humeral head. The 41 

larger lateral extension of the acromion leads to increased ascending oriented forces of the 42 

deltoid muscle, which is associated with degenerative rotator cuff tears and is assumed to 43 

contribute to cuff degeneration and tears. Contrarily, shorter lateral extension results in more 44 

horizontal oriented forces (compression force), that favors degenerative change on the 45 
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glenohumeral joint. Moreover, taking into consideration the glenoid inclination, Moor et al, 46 

identified ‘the critical shoulder angle’ (CSA) as a powerful radiographic predictor of the 47 

occurrence of cuff tears. The CSA was observed to be larger in CTA and less in GHOA 48 

compared to the asymptomatic shoulders. Miswan et al, adapted the CSA to the 49 

acromioglenoid angle (AGA) placing its vertex at the center of the glenoid fossa, revealing 50 

similar results10. However all these studies focus on the scapular morphology based on 2D 51 

radiographic evaluation2, 13, omitting the third dimension of the depicted scapulohumeral 52 

joint. 53 

Thanks to novel techniques, the shape of the acromion and the scapula can now be evaluated 54 

and described in three dimensions by means of new parameters (the rotation of the 55 

coracoacromial complex, acromial shape and acromial overhang) that have been described in 56 

non-pathologic shoulders5. However, these parameters have not yet been evaluated in 57 

pathologic shoulders, nor have they been compared to non-pathologic shoulders. 58 

The aim of this study was to evaluate the 3D morphology of the scapula in patients with 59 

primary glenohumeral arthritis and rotator cuff pathology and to compare it to the non-60 

pathologic shoulders. 61 

 62 

Materials and methods 63 

Ethical approval was obtained by the Medical Ethics Committee of the University Hospital 64 

Ghent. CT-scans of 205 patients were used, 48 of which presented with cuff tear arthropathy 65 

(CTA), 49 with primary glenohumeral osteoarthritis (GHOA) and 108 asymptomatic 66 

shoulders (NL). In the NL group 59% were males and 41% were females. In the GHOA 67 

group, 41% were males and 59% females. In the CTA group, 29% were males and 71% were 68 

females (Table 1).  69 
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All data pertaining to the CT-scans were obtained through a Biograph mCT 20 Excel 70 

(Siemens Healthineers, Erlangen, Germany; increment, 1.25mm; slice thickness, 1mm). The 71 

axial plane resolution was 512 by 512 pixels, resulting in a pixel size of between 0.7 and 0.9 72 

mm. The data was imported into MIMICS (Materialise, Leuven, Belgium) and semi-73 

automatic 3D segmentation was created. 74 

Next, a three-dimensional right-handed Euclidian coordinate system was constructed to define 75 

every point in space unambiguously in reference to the origin. The inferior glenoid was 76 

chosen as representation of the glenoid, having the least retroversion variability6. The center 77 

point of the inferior glenoid circle (Ce) was used as the origin. The best-fitting inferior 78 

glenoid circle was created according to the validated method of Jacxsens9. In the CTA group, 79 

the rim of both inferior quadrants could always be used, whereas in the eroded glenoids, the 80 

premorbid native glenoid version was reconstructed by marking the non-eroded zone of the 81 

native anterior glenoid rim. This technique has been validated as a method to predict the 82 

premorbid glenoid version out of a posteriorly eroded glenoid fossa, with good to excellent 83 

intra- and inter-observer agreement1. The scapular plane was aside from the point Ce, further 84 

defined by the most medial point of the trigonum scapulae (M) and by the most inferior point 85 

of the scapula (I). 86 

Next, several other points on the scapula were defined (Figure 1): 87 

• C: the most lateral point of the coracoid process, which was defined by a tangent plane 88 

(tp1) parallel to the inferior glenoidal circle.  89 

• L: the most lateral point of the acromion process, which was defined by a tangent 90 

plane (tp2) parallel to the inferior glenoidal circle.  91 

• P: the most posterior point of the acromion process, which was defined by the 92 

intersection of (tp1) and the posterior part of the acromion process. 93 
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• A: the most anterior point of the acromion process, which was defined by a tangent 94 

plane (tp3) parallel to the scapular plane. 95 

The following measurements were performed (Table 2): the radius of the glenoid circle, the 96 

width of the scapula (Ce-M), the acromial overhang (the distance between L and the plane of 97 

the infraglenoidal circle), the glenoid version of the native glenoid, and finally the distance 98 

from Ce to C, P and L were measured. 99 

Next, the coracoacromial complex was evaluated. The coracoacromial complex is the triangle 100 

defined by bony landmarks C, P and L (Figure 2). The line between C and P is defined as the 101 

fulcrum axis of the deltoid muscle and was also measured.4  102 

After measurement of distances, angles were measured: 1) AGA (the angle between the line 103 

L-Ce and the plane through the inferior glenoid circle) (Figure 3); 2) three angles of the 104 

coracoacromial complex (angles CPL, CLP, LCP).  105 

The rotation of the coracoacromial complex (Figure 4) was defined as the angles between 106 

different planes. We define the coracoid plane (C-Ce-M), and scapular plane (Ce-M-I), the 107 

anterior acromial plane (A-Ce-M) and scapular plane (Ce-M-I), the posterior acromial plane 108 

(P-Ce-M) and scapular plane (Ce-M-I) and lastly the coracoid plane (C-Ce-M), and posterior 109 

acromial plane (P-Ce-M). 110 

All right shoulders were transformed into their mirrored left equivalent. Angles located 111 

anterior to the scapular plane were expressed in a positive value, and angles located posterior 112 

to the scapular plane were expressed in a negative value. 113 

The Shapiro-Wilk test was used to assess the distribution of the values around the mean 114 

(SPSS version 26; IBM, Armonk, NY, USA). A value of significance that was less than 0.05 115 

indicated a non-normal distribution. 116 
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Statistical analysis was performed using the Kruskal Wallis test. Only if this test showed a 117 

significant result, a Dunn Bonferroni posthoc test was performed. P-values of less than 0.05 118 

were considered to be statistically significant. 119 

 120 

Results 121 

The descriptive statistics for measured distances of the coracoacromial complex in the 122 

GHOA, CTA and NL groups are outlined in Table 2. The descriptive statistics describing the 123 

rotation of the coracoacromial complex in all groups are found in Table 3. All these data are 124 

summarized and depicted in Figure 4. 125 

There was no significant difference in the radius of the glenoid circle between the groups. 126 

Concerning the width of the scapulae (M-Ce), the only significant difference found was 127 

between the CTA group being smaller than the NL group (p=0.004). Moreover, all distances 128 

measured between points C, P, L and Ce were found to be significantly smaller in the CTA 129 

group than in the NL group, except for C-L. This consistent difference could possibly be 130 

explained by the CTA group having a larger portion of female patients (71%) versus the NL 131 

group (41%) and GHOA group (59%). Our results demonstrate that women have a smaller 132 

scapular width (102 mm) than men (114 mm) (p<0.001). In order to address this possible 133 

confounder, a rescaling along the scapular width was performed. Adjusted distances were 134 

determined by division by their proper scapular width and summarized in Table 4. Angles did 135 

not suffer from this rescaling and were unchanged. 136 

We found the version of native glenoid plane did not differ significantly between the three 137 

groups (p=0.289). Specifically, for the CTA, GHOA and NL groups we measured -3.9° 138 

± 3.5°, -4.2° ± 3.0° and -4.5° ± 3.6° of version respectively.  139 
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The acromioglenoidal angle was seen to be different between both NL (mean 50°) and GHOA 140 

(mean 42°) (p<0.001) and between CTA (mean 50°) and GHOA (p<0.001). The acromial 141 

overhang was significantly larger in the NL group (40 mm) versus both pathological groups 142 

(GHOA (35mm), CTA (37 mm)) (p<0.001 and p=0.001) and even became statistically 143 

significant between the two pathologic groups after adjustment for the scapular width. 144 

(p=0.045). Although the overhang in the normal scapulae was thus larger than the CTA 145 

group, it did not influence the AGA significantly (p=0.832). (Figure 5). 146 

Furthermore, we calculated the height of the acromion from the center of the inferior glenoid 147 

using trigonometrics and the measured AGA and Ce-L distance. We found the acromial 148 

height to be larger for the GHOA group (36mm) than the CTA group (30mm) and the NL 149 

group (30mm) (p<0.001). No difference was found between the latter two groups (p=0.684). 150 

Observing the coracoacromial complex in the lateral view, the rotation of the coracoacromial 151 

complex can be evaluated. There was a significant difference in the mean coracoid-glenoid 152 

center-posterior acromial angle between CTA (108° ± 10°) and GHOA (99° ± 11°) (p<0.001) 153 

and also between NL (107° ± 9°) and GHOA (p<0.001). Moreover, a significant difference 154 

was found in the fulcrum axis length, only between NL (mean 69 mm) and CTA (mean 66 155 

mm) (p=0.018). However, after adjustment, no difference could be identified in the length of 156 

the fulcrum axis (63 mm) between all three groups (p=0.374). 157 

Moreover, we found a more posterior rotated position in the acromial part of the 158 

coracoacromial complex for the GHOA and CTA groups. In the NL shoulder group, the angle 159 

between the anterior acromial and scapular plane was 1° ±7°. In contrast to the NL group, in 160 

both pathologic shoulders the most anterior point was found posterior to the scapular plane. A 161 

significant difference was demonstrated between the NL group versus the CTA group 162 

(p<0.001) and GHOA (p<0.001). However, between CTA (-7° ± 12°) and GHOA (-5° ± 7°) 163 

both angles did not differ (p=0.995). Similar results were found for the angle between the 164 
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scapular plane and the lateral acromial plane. We measured a mean angle in CTA, GHOA and 165 

NL of respectively -20° ± 11°, -17° ± 8° and -12° ± 7°. Significant differences were only 166 

demonstrated between the NL group versus the CTA (p<0.001) and GHOA group (p=0.001).  167 

 168 

Discussion 169 

To our knowledge, this is the first original basic science study to evaluate the 3D morphology 170 

of the entire scapula including its coracoacromial complex in degenerative pathological and 171 

normal cases. Our CT-based findings in pathologic cases, confirmed those of previous X-ray-172 

based studies with CTA scapulae having a larger lateral acromial overhang, resulting in 173 

higher CSA, and vice versa for GHOA, which resulted in lower CSA 3, 10, 11, 13, 15. Moreover, 174 

we were able to observe a more posterior rotation of the coracoacromial complex in 175 

pathologic scapulae compared with normal cases. This factor could possibly play an 176 

additional role in the degenerative pathway.  177 

In glenohumeral biomechanics, bony anatomy delivers a primordial stabilizing function. The 178 

glenoid is fundamental to joint kinematics because it serves as the surface for humeral head  179 

rolling, gliding and spinning. It is therefore examined first. In the transverse plane we could 180 

not find a significant difference in its version. Mean versions were observed ranging from 181 

3.8° to 4.5° of retroversion. Neither was the glenoid radius seen to differ in the three observed 182 

groups.  183 

Secondly, in the coronal plane, a significant increased height of the coracoacromial roof was 184 

observed for the GHOA versus both other groups. In CTA and NL groups there was a 185 

significant enlargement of C-Ce-P angle compared to GHOA. Because this study could not 186 

measure a difference in the length of the fulcrum axis between all groups, the only 187 

explanation for this is that the basis of the coracoacromial roof is situated more cranial to the 188 

Jo
urn

al 
Pre-

pro
of



3D Evaluation of the scapular morphology 

9 
 

glenoid center in the GHOA group in comparison to the NL and CTA groups. This conclusion 189 

does correlate with the calculated height of the acromion. The higher acromial roof in GHOA 190 

results in more subacromial space, and less containment. Hence, we assume less support to 191 

the humeral head and rotator cuff as it glides under the acromial roof during glenohumeral 192 

motion. We hypothesize this craniocaudal instability to be well compensated by the rotator 193 

cuff by exerting higher glenohumeral compressive forces. This in turn leads to a larger joint 194 

reaction force and finally osteoarthritic changes. 195 

Next to the static stabilization, we assume that dynamic factors play a role. From a lateral 196 

point of view, the most anterior part of the acromion (A) and most lateral point of the 197 

acromion (L) were situated more anteriorly in the NL shoulder group, closer to the scapular 198 

plane. We consider point L, the most lateral point of the deltofulcral triangle, to be the turning 199 

point of the anterior and posterior fibers of the deltoid. Therefore, in both pathologic groups, 200 

the deltoid muscle, and thus its vector, will be oriented more posteriorly, unlike the NL group 201 

where it is closer to the scapular plane. We assume that mechanism potentially contributes to 202 

a dynamic posterior disbalance in the pathologic groups. However, to inspect the true vector 203 

of the deltoid, a sum of all deltoid muscle fibers, wrapping up the humeral head, should be 204 

considered. This pathologic posterior directed vector reinforces the physiological one. The 205 

latter is a result of the dominating presence of the internal rotating muscles outweighing the 206 

external rotator cuff muscles4. 207 

We did observe morphological differences between both pathologies in the anterior view. Our 208 

study found the acromial roof in CTA to be positioned lower and to have a larger lateral 209 

acromial extension than the GHOA group, implying a larger AGA or CSA. Gerber et al could 210 

demonstrate an increased strain on the supraspinatus tendon in scapulae with larger CSA. 211 

They further hypothesized the theory of parallelism between the CSA and the ratio of 212 

glenohumeral joint shear versus compression forces8. The resultant, more laterally oriented, 213 
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deltoid force probably partially neutralizes the centripetal compressive force exerted by the 214 

rotator cuff. These resulting ‘decompressing’ forces, superimposed to the ‘pathologic’ 215 

posterior deltoid forces could lessen the concavity compression principle and increase shear 216 

forces and strain of the rotator cuff. This theory seems a reasonable explanation for the 217 

development of atraumatic cuff tears, finally leading up to the development of eccentric 218 

glenoid wear.3 In the GHOA group, a smaller lateral acromial extension results in a smaller 219 

lateral vector of the deltoid generated ascending force. Hence, a relatively more preserved 220 

compression force and lower shear force on the rotator cuff could be expected, and this will in 221 

turn lead to concentric glenohumeral joint degeneration17. 222 

Our AGA measurements confirm the findings of the critical shoulder angle in previous 223 

studies3, 11, 15 where higher CSA are associated with atraumatic full thickness rotator cuff 224 

tears. In 3D imaging, we estimate the AGA to be more consistently determined in contrary to 225 

the CSA. First, we assume the AGA to better account for the complex 3D morphology. The 226 

CSA, however, was developed for radiographic evaluation, potentially suffering from 227 

positional bias. It was demonstrated that CSA measurements showed significant differences 228 

from a true AP radiograph with only 5° of malposition16. Furthermore, we presume the center 229 

of the inferior glenoid circle to be biomechanically more relevant than the inferior border of 230 

the glenoid. First, because of the vector direction of the rotator cuff muscles, it is the point on 231 

the glenoid where the humeral head is held the most stable. Additionally, throughout the 232 

range of motion, it is the point towards which the glenohumeral joint reaction force is 233 

centered14. The resulting force, through Hueter Volkmann and Wolff’s law18, shapes the 234 

glenoid and its inferior circle, turning the center of this circle into a more relevant point than 235 

its lowest point. 236 

This study confirms the association of different scapular shape with either the CTA or GHOA 237 

shoulders in a three-dimensional manner. Based on the assumption that pathology follows 238 
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shape, changing the scapular shape could have a preventive role on the development of cuff  239 

tears and cuff tear arthropathy in the long term. Not only decreasing the lateral acromial 240 

overhang but also anteriorizing the rotation of the coracoacromial complex could diminish the 241 

cuff tear rate. Gerber et al demonstrated that failing to reduce the CSA by lateral 242 

acromionectomy is associated with a higher cuff retear rate7. To our knowledge no evidence 243 

exists with long-term outcomes. Neither is there literature concerning the relationship 244 

between coracoacromial rotation and the incidence of cuff tears. Further research is needed to 245 

reveal any causal relationship of different scapular morphologies and its clinical relevance. 246 

We acknowledge that our study has some weaknesses. First of all, we had a disbalance in the 247 

gender ratio for the CTA group compared to the GHOA and NL groups. Because of the 248 

greater number of females having smaller scapulae, a rescaling of all scapulae was performed 249 

in order to adjust for this bias. On the other hand, measured angles will not be affected by this 250 

adjustment. 251 

Secondly, we considered a parallelism between the fulcrum axis and the native glenoid to 252 

determine the posterior point of the coracoacromial complex, which can be discussed4. 253 

Nevertheless, we chose this point because it was easier and more accurate to determine than 254 

the reflection point. 255 

Finally, we made assumptions on biomechanics of the glenohumeral joint based on 256 

morphologic descriptive data. Our primary purpose was to examine the morphologic 257 

variations between NL, CTA and GHOA scapulae. To investigate the true kinematics in the 258 

glenohumeral joint, the exact muscular origins and insertions also need to be considered, on 259 

the humeral as well as on the scapular side, which was beyond the scope of this paper. 260 
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Conclusion 261 

To conclude, this 3D morphological study is the first to examine the coracoacromial complex 262 

in a reproducible reference system of the shoulder. The acromial part of the complex was 263 

turned more posteriorly in both pathologic groups. Furthermore, we found the coracoacromial 264 

complex to be more cranial to the glenoid center in the GHOA group. Finally, a significant 265 

difference in lateral overhang of the coracoacromial complex was observed between the three 266 

groups. The NL group was found to have a larger overhang than CTA, and CTA in turn had a 267 

larger overhang than GHOA.  268 

 269 
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 339 

Legends 340 

Figure 1: The scapular 3D model with determined points and planes. 341 

Figure 2 : Lateral (A) and inferior view (B) of the coracoacromial complex. 342 

Figure 3: Measurement of the acromioglenoidal angle (AGA). 343 

Figure 4: Rotation of coracoacromial complex around the glenoid in GHOA, CTA and NL 344 

group 345 

Figure 5: The acromioglenoidal angle (AGA) in GHOA, CTA and NL group 346 

 347 

Table 1: Distribution of patients in GHOA, CTA and NL group 348 

Table 2: Descriptive statistics of scapular measurements in GHOA, CTA and NL group 349 

Table 3: Descriptive statistics of rotation of the coracoacromial complex in GHOA, CTA and 350 

NL group 351 
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Table 4: Descriptive statistics of scapular measurements in GHOA, CTA and NL group, 352 

adjusted for scapular width 353 
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Patient 

distribut

ion 

GHOA group according 

to Walch’s classification 

CTA group according to Hamada’s 

classification 

NL 

group 
Total 

A1 A2 B1 B2 C I II III IV V   

Male 5 1 4 7 3 1 3 4 6 - 64 
98 

(48%) 

Female 7 7 8 5 2 - 4 8 17 5 44 
107 

(52%) 

Total 
49 

(24%) 

48 

(23%) 
108 

(53%) 

205 

(100%) 

 

 

 

 

 

 



 

          Parameter Mean ± Std deviation P-value 

Radius 

(mm) 

NL 13.4 ± 1.8 NL-GHOA NS 

GHOA 14.2 ± 1.9 GHOA-CTA NS 

CTA 13.3 ± 1.2 CTA-NL NS 

Width of the scapula 

(mm) 

NL 109.1 ± 8.1 NL-GHOA 0.372 

GHOA 107.6 ± 8.0 GHOA-CTA 0.093 

CTA 104.7 ± 8.6 CTA-NL 0.004 

Acromial overhang 

(mm) 

NL 39.7 ± 4.4 NL-GHOA <0.001 

GHOA 34.8 ± 5.4 GHOA-CTA 0.108 

CTA 37.0 ± 5.5 CTA-NL 0.001 

Glenoid version (°) 

NL -4.4 ± 3.6 NL-GHOA NS 

GHOA -4.2 ± 3.0 GHOA-CTA NS 

CTA -3.8 ± 3.5 CTA-NL NS 

Distance (C-Ce) 

(mm) 

NL 42.9 ± 4.2 NL-GHOA 0.922 

GHOA 43.0 ± 4.3 GHOA-CTA 0.002 

CTA 40.3 ± 3.1 CTA-NL <0.001 

Distance (L-Ce)  

(mm) 

NL 51.6 ± 3.8 NL-GHOA 0.766 

GHOA 52.1 ± 4.9 GHOA-CTA <0.001 

CTA 48.9 ± 4.4 CTA-NL <0.001 

Distance (P-Ce)  

(mm) 

NL 46.9 ± 4.5 NL-GHOA 0.355 

GHOA 47.9 ± 4.9 GHOA-CTA 0.001 

CTA 44.5 ± 3.7 CTA-NL 0.002 

CLP (°) 

NL 110.0 ± 7.2 NL-GHOA NS 

GHOA 111.7 ± 7.8 GHOA-CTA NS 

CTA 109.5 ± 7.3 CTA-NL NS 

LCP (°) 

NL 31.4 ± 5.0 NL-GHOA 0.036 

GHOA 29.3 ± 7.1 GHOA-CTA 0.917 

CTA 29.7 ± 6.3 CTA-NL 0.050 

CPL (°) 

NL 38.6 ± 4.3 NL-GHOA 0.725 

GHOA 39.0 ± 4.3 GHOA-CTA 0.021 

CTA 41 ± 4.5 CTA-NL 0.002 

Statistical analysis was performed using the Kruskal Wallis test. Only if this test showed a 

significant result, a Dunn Bonferroni posthoc test was performed. GHOA: glenohumeral 

osteoarthritis, CTA: cuff tear arthropathy, NL: normal shoulders. 



 

Angles between planes  

(°) 
 

Mean ± Std 

deviation 

 
P-value 

Coracoid – scapular 

NL 51 ± 7.1 NL-GHOA <0.001 

GHOA 42 ± 9.7 GHOA-CTA 0.578 

CTA 45 ± 11.7 CTA-NL <0.001 

Anterior acromial – scapular 

NL 1 ± 7.2 NL-GHOA <0.001 

GHOA -5 ± 7.4 GHOA-CTA 0.995 

CTA -7 ± 12.24 CTA-NL <0.001 

Lateral acromial – scapular 

NL -12 ± 7.1 NL-GHOA 0.001 

GHOA -17 ± 7.6 GHOA-CTA 0.289 

CTA -20 ± 11.0 CTA-NL <0.001 

Posterior acromial – scapular 

NL -56 ± 8.2 NL-GHOA 0.893 

GHOA -57 ± 9.46 GHOA-CTA 0.003 

CTA -63 ± 10.7 CTA-NL <0.001 

Coracoidal – posterior 

acromial 

NL 107 ± 9.4 NL-GHOA <0.001 

GHOA 99 ± 10.4 GHOA-CTA <0.001 

CTA 108 ± 10.0 CTA-NL 0.892 

Acromioglenoidal angle 

NL 50 ± 5.4 NL-GHOA <0.001 

GHOA 42 ± 5.75 GHOA-CTA <0.001 

CTA 50 ± 6.43 CTA-NL 0.832 

Statistical analysis was performed using the Kruskal Wallis test. Only if this test showed a 

significant result, a Dunn Bonferroni posthoc test was performed. GHOA: glenohumeral 

osteoarthritis, CTA: cuff tear arthropathy, NL: normal shoulders. 

 

 



 
 

          Parameter (width correction) Mean ± Std deviation P-value 

Radius 

NL 12.3 ± 1.1 NL-GHOA 0.001 

GHOA 13. 2 ± 1. 6 GHOA-CTA 0.501 

CTA 12.8 ± 1.4 CTA-NL 0.185 

Acromial overhang 

NL 36.5 ± 3.8 NL-GHOA <0.001 

GHOA 32.6 ± 5.8 GHOA-CTA 0.010 

CTA 35.5 ± 5.6 CTA-NL 0.045 

Distance (C-P) 

NL 63.3 ± 4.4 NL-GHOA NS 

GHOA 62.3 ± 5.4 GHOA-CTA NS 

CTA 63.5 ± 6.2 CTA-NL NS 

Distance (C-Ce) 

NL 39.3 ± 3.0 NL-GHOA NS 

GHOA 40.1 ± 4.4 GHOA-CTA NS 

CTA 38.6 ± 3.7 CTA-NL NS 

Distance (L-Ce)  

NL 47.4 ± 2.8 NL-GHOA 0.478 

GHOA 48.7 ± 5.4 GHOA-CTA 0.004 

CTA 47.0 ± 5.3 CTA-NL 0.009 

Distance (P-Ce)  

NL 43.1 ± 2.9 NL-GHOA 0.101 

GHOA 44.7 ± 4.8 GHOA-CTA 0.005 

CTA 42.8 ± 4.9 CTA-NL 0.092 

Statistical analysis was performed using the Kruskal Wallis test. Only if this test showed a 

significant result, a Dunn Bonferroni posthoc test was performed. GHOA: glenohumeral 

osteoarthritis, CTA: cuff tear arthropathy, NL: normal shoulders. 

 




