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Abstract: 34	
  

Purpose: To understand the geometry of the proximal humerus and glenoid fossa to facilitate 35	
  

the design of components used in shoulder arthroplasty. The aim is to evaluate the geometry 36	
  

of the proximal humerus and glenoid fossa and their relationship using a MicroScribe 3D 37	
  

digitizer. Methods: Scans and measurements were obtained from 20 pairs of dry proximal 38	
  

humeri and scapulae (10 female, 10 male cadavers: median age 81 years (range 70 - 94 39	
  

years)) using a MicroScribe 3D digitizer and Rhinoceros software. Results: Means (± SD) of 40	
  

humeral inclination, medial wall angle of the bicipital groove and radius of the humeral head 41	
  

values were 135 ± 11°, 39 ± 19° and 14 ± 3 mm, respectively. Means (± SD ) of glenoid 42	
  

height and width were 35 ± 4 mm and 26 ± 4 mm, while the means (± SD) of the angles of 43	
  

glenoid inclination, retroversion and rotation were 87 ± 32°, 96 ± 10° and 9 ± 6° respectively. 44	
  

A significant difference in glenoid height (P ≤ 0.002) and width (P ≤ 0.0001) was observed 45	
  

between males and females, despite them having almost an identical radius of the humeral 46	
  

head, glenoid inclination, retroversion and angle of rotation. There was also a significant 47	
  

difference (P ≤ 0.01) in the angle of glenoid retroversion between the right and left sides. 48	
  

Conclusions: Using a MicroScribe 3D digitizer the glenoid fossa was observed to be 49	
  

significantly smaller in females than males, furthermore there was a difference in glenoid 50	
  

retroversion between the right and left sides.  51	
  

 Keywords: Glenoid, Proximal humerus, MicroScribe 3D digitizer, Shoulder, Rhinoceros 52	
  

software.  53	
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Introduction 54	
  

The head of the humerus is approximately one-third of a sphere articulating with the 55	
  

glenoid fossa forming the glenohumeral (shoulder) joint	
   [17]. The proximal humerus is 56	
  

continuous with the shaft at the surgical neck distal to the lesser and greater tuberosities: the 57	
  

anatomical neck lies above the tuberosities [17]. The bicipital groove is present between the 58	
  

lesser and greater tuberosities, extending distally some 5 cm [18] on the anterior aspect of the 59	
  

proximal shaft. The greater and lesser tuberosities are oriented laterally and anteromedially 60	
  

with the greater tuberosity giving attachment , from superior to inferior to supraspinatus, 61	
  

infraspinatus and teres minor, and the lesser tuberosity to subscapularis. These four muscles 62	
  

help provide stabilization of the humeral head against the glenoid [17]. 63	
  

The scapula is a flat, triangular bone with two surfaces, three angles and three 64	
  

borders, and forms the most posterior portion of the shoulder girdle [17]. The glenoid fossa 65	
  

presents as the lateral angle of the scapula, with the intraarticular supraglenoid tubercle close 66	
  

to the base of the coracoid process and the extraarticular infraglenoid tubercle below the 67	
  

glenoid fossa [2]. The slightly concave, shallow glenoid fossa is covered by hyaline cartilage: 68	
  

it may be oval, shaped like an inverted comma or be pear-shaped [17], with the most common 69	
  

form being pear-shaped (49% and 46% on the right and left respectively [19]). 70	
  

The aims of the current study were: (i) to evaluate the geometry of the proximal 71	
  

extremity of the humerus and glenoid fossa, and (ii) determine the relationship between them. 72	
  

Consequently, specific parameters of the humeral head (humeral inclination angle, medial 73	
  

wall angle of the bicipital groove, radius of the humeral head) and glenoid fossa (glenoid 74	
  

inclination, glenoid retroversion and glenoid rotation) were determined.  75	
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Materials and Methods 76	
  

Twenty pairs of the proximal extremities of humerus and scapulae from 10 female 77	
  

and 10 male formalin embalmed cadavers were harvested and examined: the median age of 78	
  

the specimens was 81 years (range 70 to 94 years). Each specimen was scanned (resolution 79	
  

1000 µm) using a hand-held Microscribe 3D digitizer (Immersion, San Jose, CA, USA) (Fig. 80	
  

1a). Measurements were taken by touching the specific bony landmarks , with the data being 81	
  

directly entered into the Rhinoceros modelling software and presented graphically. 82	
  

Intraobserver and interobserver reliability tests were carried out to assess the validity 83	
  

of the methodology: measurements were taken on a random selection of landmarks on three 84	
  

separate occasions of three specimens by the same individual for the intraobserver test, and 85	
  

by three individuals for the interobserver test. The Cronbach reliability coefficient for the 86	
  

intraobserver and interobserver reliability tests was compared using the George and Mallery 87	
  

[9] scale (> 0.9-Excellent, > 0.8-Good, _> 0.7-Acceptable, > 0.6-Questionable, > 0.5-Poor, 88	
  

and < 0.5-Unacceptable).  89	
  

The following measurements were obtained:  90	
  

a) Humeral inclination angle (HI) was defined as the orientation of the humeral head 91	
  

relative to the shaft. Based on Harrold and Wigderowitz [10], the humeral inclination 92	
  

angle was determined as the angle between the humeral shaft axis (B1 and B2) and a 93	
  

line drawn between points C1 and C2 (Fig. 1b). 94	
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 95	
  

Fig. 1 A: The MicroScribe 3D digitizer, (Immersion Corporation, San Jose Ca, USA). B: 96	
  

Model constructed of the proximal humerus in Rhinoceros modelling software showing 97	
  

annotated description of humeral measurements. B1- B2, the shaft axis; RHH, radius of the 98	
  

humeral head; HI, humeral inclination angle; MBG, medial wall angle of the bicipital groove; 99	
  

C1-C2, line between centroid area of head and centroid area of articular surface; A1-A2 line 100	
  

between lesser and greater tuberosity; A1-A3, line between lesser tuberosity and proximal 101	
  

point of the bicipital groove. 102	
  

 103	
  

b) Medial wall angle of the bicipital groove (MBG) was determined as the angle 104	
  

between a tangent to the superior margin of the lesser and greater tuberosities (A1 and 105	
  

A2) and a tangent to the medial wall of the intertubercular sulcus of the bicipital 106	
  

groove (A1 and A3) (Fig. 1b) [7]. 107	
  

c) Radius of the humeral head (RHH) was taken as the length of the line between C1 and 108	
  

C2 (Fig. 1b) [10]. 109	
  

d) Based on Strauss et al [21], glenoid height (GH) was measured as the distance 110	
  

between the most superior and inferior points of the glenoid cavity, and width as the 111	
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distance between the most anterior and posterior points of the glenoid margin (Fig. 112	
  

2a). 113	
  

 114	
  

 115	
  

Fig. 2 A: Model constructed of the scapula in Rhinoceros modelling software, and GH, 116	
  

glenoid height; GW, glenoid width. B: Annotated description of glenoid parameter 117	
  

measurements; GI, glenoid inclination angle; GRt. Glenoid rotation; GRv, glenoid 118	
  

retroversion angle; line perpendicular to the line that extends between the centroid area of the 119	
  

glenoid cavity and the point marked on scapula where the scapular spine meets the medial 120	
  

border of the scapula. 121	
  

 122	
  

e) Glenoid inclination angle (GI) was based on Kandemir et al [13], being between a line 123	
  

connecting the superior and inferior points of the glenoid margin and a line 124	
  



3D Proximal Humeral and Glenoid Morphology 

	
  

	
  
	
  

8	
  

connecting the most superior parts of the glenoid margin and scapular blade medial to 125	
  

the suprascapular notch (Fig. 2b).  126	
  

f) Glenoid retroversion (GRv) was again based on Kandemir et al [13], being the angle 127	
  

between a line connecting the most anterior and posterior points of the glenoid margin 128	
  

and a perpendicular line connecting the area where medial border of the scapula meets 129	
  

the scapular spine to the centre of the glenoid (Fig. 2b). 130	
  

g) Glenoid rotation (GRt) was determined as the angle between the superior and inferior 131	
  

points on the glenoid margin and a line vertical to the glenoid (Fig. 2b). 132	
  

 133	
  

Exclusion criteria: If the proximal humerus and/or glenoid fossa showed evidence of fracture 134	
  

and/or previous surgery they were excluded from the study. 135	
  

Statistical analysis: The collected data were analysed using SPSS v16.0 on Windows 7 136	
  

(IBM Corp, Armonk, NY, USA). Cronbach’s alpha coefficient was used to determine internal 137	
  

consistency of the data. Means and associated standard deviations were used for descriptive 138	
  

statistical analysis. One way ANOVA was used to compare the mean values for 139	
  

glenohumeral geometry to test for differences between sex and side, with the level of 140	
  

significance set at P ≤ 0.05. Pearson correlation coefficients were used to measure the 141	
  

relationship between the glenoid inclination, retroversion and rotation angles, as well as the 142	
  

angle of the bicipital groove and radius of the humeral head. 143	
  

 144	
  

 145	
  

  146	
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Results 147	
  

Cronbach’s coefficient for the intraobserver and interobserver tests was 0.92. As 148	
  

indicated by the George and Mallery [9] scale >0.9 is excellent: the measurements therefore 149	
  

had high internal consistency.  150	
  

The means and associated standard deviations (SD) for each parameter, together with 151	
  

the corresponding values for the right and left sides and for males and females are presented 152	
  

in Table I. A significant difference in mean glenoid height (P ≤ 0.002) and width (P ≤ 0.0001) 153	
  

was observed between males and females, as well as a significant difference (P ≤ 0.01) in 154	
  

glenoid retroversion between the right and left sides.  155	
  

Pearson correlation coefficients showed several significant relationships (Table II), 156	
  

these being between (i) glenoid inclination and rotation, (ii) glenoid rotation and retroversion, 157	
  

and (iii) glenoid width and medial wall angle of the bicipital groove. A positive significant 158	
  

correlation was observed in males between radius of the humeral head and glenoid inclination 159	
  

(P ≤ 0.02): in addition, there was also a positive significant correlation between glenoid 160	
  

height and glenoid retroversion (P ≤ 0.03). In females there was a negative significant 161	
  

correlation between right glenoid rotation and glenoid inclination (P ≤ 0.04), and a positive 162	
  

significant correlation with glenoid retroversion (P ≤ 0.01). Right glenoid width and medial 163	
  

wall angle of the bicipital groove were negatively correlated in females (P ≤ 0.04). 164	
  

 165	
  

  166	
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Discussion 167	
  

The observations in the current study are similar to those reported previously; 168	
  

however some differences were observed possibly due to the different methodologies 169	
  

employed in the various studies. Nevertheless, the data obtained using the MicroScribe 3D 170	
  

digitizer and Rhinoceros software correspond with previous studies of similar measured 171	
  

parameters. 172	
  

The current study has shown that glenoid height and width vary between males and 173	
  

females, as well as glenoid retroversion between the sides. The form difference is not 174	
  

surprising given the generally larger size of males, while the latter finding may be related to 175	
  

handedness, although no data on handedness of the donors was available to substantiate this. 176	
  

Somewhat surprisingly no significant difference in humeral geometry was observed between 177	
  

males and females. A number of significant correlations between parameters were also 178	
  

observed, these being glenoid rotation and glenoid inclination, and well as between glenoid 179	
  

rotation and glenoid retroversion. It is interesting to note that in males, the radius of the right 180	
  

humeral head was correlated with glenoid inclination, while the radius of the left humeral 181	
  

head was correlated with glenoid retroversion: there is no obvious explanation for this 182	
  

difference. 183	
  

Robertson et al [20] reported no difference between males and females in humeral 184	
  

inclination angle, their mean value being 41 ± 3o much smaller than in the present study; 185	
  

however they did observe a significant difference between right and left sides. This difference 186	
  

is probably results from the definition of inclination used in the two studies: Robertson et al 187	
  

[20] used a least square fit to determine the articular margin (anatomical neck) and the angle 188	
  

with the canal axis, while in the current study the angle was taken as that between the axis of 189	
  

the shaft and a line between the centre of the head and centroid of the articular surface. 190	
  



3D Proximal Humeral and Glenoid Morphology 

	
  

	
  
	
  

11	
  

However, the mean humeral inclination angle relative to the axis of the shaft reported here is 191	
  

similar to previous reports [3, 11, 10]. 192	
  

Hitchcock and Bechtol [12] were the first to determine the medial wall angle of the 193	
  

bicipital groove, using it to confirm that subluxation and dislocation of the bicipital tendon 194	
  

increase with a small medial wall angle. Cone et al [7], using a radiographic method, reported 195	
  

an angle of 56ᵒ, which larger than in the current study using a 3D method (39 ± 19ᵒ).Vettivel 196	
  

et al [22], using a goniometer, reported a significant difference in medial wall angle on the 197	
  

right and left sides, while Abboud et al	
  [1], using MRI, reported a mean value of 47ᵒ (range 198	
  

30ᵒ - 77ᵒ), greater than in the current study: these differences probably reflect the 199	
  

methodologies employed.  200	
  

The radius of the humeral head determined in previous studies is quite variable. 201	
  

Boileau and Walch [3] reported it as 46.2 ± 5.4 mm, significantly larger than that observed in 202	
  

the present and other studies. Although these authors used a similar method to determine the 203	
  

radius of the head, they measured it in both the coronal and axial planes. The mean radius of 204	
  

the head in the present study (14 ± 3 mm) was less than that reported by Wirth et al., (2007) 205	
  

[24] and Harrold and Wigderowitz [10], being 17 mm and 16.9 ± 1.5 mm respectively. 206	
  

Churchill et al [6] examined glenoid size, inclination and version on dry scapula. As 207	
  

in the present study, they found a significant difference in mean glenoid height and width 208	
  

between males and females; however no difference was observed in inclination or 209	
  

retroversion. Both studies used the same method to determine retroversion, but a different 210	
  

method for inclination in which Churchill et al [6] turned the scapula 90ᵒ and measured from 211	
  

the superior to the inferior glenoid rim. In their anatomic study Merrill et al [16], using digital 212	
  

callipers, reported significant differences in mean glenoid height and width between males 213	
  

and females, again as in the present study. However, in contrast they also reported significant 214	
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differences in glenoid height and width between the right and left sides. This latter finding 215	
  

may be due to the different measurement procedures used: electronic callipers in their study 216	
  

and a 3D technique in the current study: furthermore, Merrill et al [16] determined glenoid 217	
  

width at different levels from the most superior point of the glenoid.  218	
  

Mallon et al [15] reported glenoid height and width as 39 ± 4 mm and 28 ± 2 mm for 219	
  

males, and 37 ± 3 mm and 23 ± 2 mm for females. Compared to those in the present study, 220	
  

males glenoid height and width were similar, while female glenoid height was smaller and 221	
  

width greater than in Mallon et al [15]. This difference may be due to the measurement 222	
  

protocols used in defining glenoid width: Mallon et al [15] used the distance between two 223	
  

sagittal planes of the glenoid fossa, whereas in the current study the width was taken between 224	
  

the most anterior and posterior points. Similar to the current study, Mallon et al [15] also 225	
  

reported significant differences in glenoid height and width between males and females, but 226	
  

also observed no difference in glenoid rotation between males and females. The comparisons 227	
  

and disagreements between the current study and that of Mallon et al [15] is most likely due 228	
  

to the methodologies used: Mallon et al [15] determined glenoid rotation between superior 229	
  

and inferior lines of the glenoid fossa and a vertical line from the inferior point of the glenoid 230	
  

fossa, whereas in the current study the angle was taken as being between superior and inferior 231	
  

lines and the scapula blade.  232	
  

  Similar mean values of glenoid height in males and females were reported by 233	
  

Checroun et al [5], in contrast to the significant differences in the current study. The 234	
  

observations of Kandemir et al [13] with respect to glenoid inclination and retroversion were 235	
  

similar to the current study. Interestingly, previous studies have not evaluated whether there 236	
  

were differences in glenoid height and width between the right and left sides or between 237	
  

males and females [10, 14, 23]. 238	
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Finally, Bokor et al [4] used computerised tomography to determine glenoid 239	
  

retroversion in the coronal plane and the same technique as in the current study to determine 240	
  

retroversion using Friedman’s technique. Bokor et al [4] considered the glenoid to be 241	
  

anteverted if the angle was more than 90o and retroverted if it was less than 90o, with their 242	
  

range of glenoid version being 92-102o, narrower than the 47.3-117.4 o observed in the current 243	
  

study. A significant difference between right and left sides was observed in the current study: 244	
  

Bokor et al [4] did not determine whether there were differences in retroversion between the 245	
  

right and left sides or between males and females. 246	
  

As stated earlier it was not possible to collect information on handedness or on 247	
  

occupation of the specimens examined in the current study: both may have influenced the 248	
  

bony geometry. Consequently, in future studies it is recommended that such data is included. 249	
  

Comparison of the data collected in the current study shows similarity in the values of some 250	
  

parameters, which is encouraging and suggests that a MicroScribe 3D digitizer and 251	
  

Rhinoceros software can be used to collect relevant data, as well as evaluate the relationship 252	
  

between anatomical features of the proximal humerus and glenoid fossa. To our knowledge 253	
  

this is the first time that such data has been collected for the glenoid fossa, and relationships 254	
  

between the proximal humerus and glenoid fossa reported.  255	
  

It is apparent that novel data collection and analysis techniques can provide useful 256	
  

information and improve the understanding of bony geometry, and as such could be used in 257	
  

areas where it is important to know and understand the bony geometry. The variations of 258	
  

humeral and glenoid geometry reported here will add to the knowledge necessary in 259	
  

designing future glenohumeral components to ensure a successful reconstruction and 260	
  

outcome.  261	
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In conclusion the current study has shown that glenoid height and width vary 262	
  

significantly between males and females, despite their having a similar humeral head radius, 263	
  

glenoid inclination, glenoid retroversion and glenoid rotation. Furthermore, glenoid 264	
  

retroversion was observed to vary between the right and left sides, an important consideration 265	
  

in arthroplasty.   266	
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