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Abstract
Introduction  Joint replacement surgery as a treatment for glenohumeral arthritis with glenoid bone loss is challenging. The 
aim of this study is to offer an anatomical orientation for glenoid reconstruction.
Methods  In this study, we measured size, inclination and version of the glenoid surface, as well as the distance between the 
articular line of the glenoid, base of the coracoid process, and acromion using computer tomographic (CT) imaging of 131 
study participants aged 19–88 years in the period of 2010–2013.
Results  We measured a mean distance of 6.5 ± 0.2 mm from the glenoid articular line to the base of the coracoid process in 
the transverse CT plane. Body height has shown no significant impact on the glenoid morphology. We observed significant 
differences between males and females: The glenoid appeared to be located 5.2 ± 0.9 mm higher and the humeral head was 
4.5 ± 0.7 mm larger in male subjects compared with females (r = .699; p < .01).
Conclusion  In our study, the base of the coracoid offers an anatomical reference during reconstruction of the glenoid in 
primary and revision shoulder arthroplasty. As only 2D-CT imaging allows for accurate assessment of glenoid bone defects, 
we consider conventional X-ray imaging insufficient for proper preoperative planning before shoulder arthroplasty.
Level of evidence  III.

Keywords  Coracoid basis · Glenoid reconstruction · Reverse shoulder arthroplasty · CT-based · Anatomical reference · 
Glenoid bone loss

Introduction

In light of the reliable clinical outcomes over the last 
25 years in Europe by treating glenohumeral arthritis and 
rotator cuff insufficiencies, the attention given to reverse 
shoulder arthroplasty (RTSA) has increased [8, 9, 27]. How-
ever, in spite of its great popularity, the RTSA is associ-
ated with a high rate of complications, including scapular 

notching, baseplate failure, periprosthetic fractures, instabil-
ity and nerve lesions [1, 30]. Besides others, the sufficient 
function of the deltoid muscle by finding the optimal posi-
tion for the baseplate has been proven to be a crucial factor 
for obtaining good clinical results [16, 22, 25].

Large glenoid defects are challenging and the orientation 
of the rotational center is often missing. Such defects are 
encountered in defect arthropathy, chronic shoulder instabil-
ity and revision shoulder arthroplasty [14, 15, 26]. As shoul-
der arthroplasty continues to gain popularity, an increase in 
aforementioned revision procedures can be expected. Loos-
ening and failure of the glenoid component is a common 
concern after RTSA [3, 5, 19, 20, 31]. A careful preopera-
tive study of the glenoid morphology and accurate surgi-
cal planning are required [10, 12, 14, 29]. For this purpose, 
a CT scan is recommended prior to performing shoulder 
replacement surgery. Several radiological parameters have 
been described to identify glenoid bone defects preopera-
tively with the aim to choose the most appropriate implant 
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and avoid potential intraoperative complications [14]. The 
use of computer-assisted navigated reverse shoulder arthro-
plasty contributes to significant alterations in screw purchase 
length, screw angulation and central cage perforation [7, 23]. 
In primary and revision reverse shoulder arthroplasty, add-
ing lateralization seems to be indicated to reconstruct the 
rotational center. Lateralization can be achieved by extended 
glenosphere components or bony spacers [2, 4, 6]. However, 
the indication for a adding lateralization remains unclear and 
an anatomical orientation is often missing. Therefore, the 
aim of the presenting study is to establish an anatomical ref-
erence for glenoid reconstruction by means of CT analysis.

Materials and methods

Epidemiologic patient data

We collected 131 patients retrospectively with an age of 
19–88 years: 77 patients were female (58.8%) and 54 were 
male (41.2%). The body height of our participants measured 
between a minimum of 150 and maximum of 190 cm (mean 
170 cm, SD 0.09 cm), the height was acquired retrospec-
tively using a standardized questionnaire. We selected our 
patients from 2010 to 2013; this timeframe included any 
patient receiving computed tomography (CT) for proximal 
fracture of the humerus, shoulder dislocation, or bruising. 
For the measurements of the humeral head, patients with 
the proximal humeral fractures were excluded. The patients 
with shoulder dislocation had a primary and traumatic dis-
location, and there are no patients included with chronic 
instability. Patients with a history of shoulder arthrosis, as 
well as those with a fracture of the structures relevant to our 
study, such as the acromion, glenoid, and/or coracoid pro-
cess, were excluded (n = 110). The CT images we used were 
obtained from the diagnostic scans conducted at the point 
of patient admission and filed under patient pseudonyms. 
A Siemens Emotion 16 with the following protocol made 
the CT scans: 2-mm axial and 3-mm coronal/sagittal 3-mm 
slices. All patients were positioned supine with the shoulder 
in neutral position. We conducted all measurements with the 
same program, namely OsiriX Imaging Software with 3D 
Curved multiplanar reconstruction.

Anatomic study

Using CT imaging, we measured the height, width, depth, 
inclination, and version of the glenoid in millimeters and 
degrees, as appropriate. The distance between the under-
lying bone of glenoid articular surface, base of the cora-
coid process, lateral edge of the acromion, and humeral 
head were measured in millimeters. We also measured the 
surface area of the humeral head in square millimeters 

wherever applicable. For the CT imaging, we used 3-mm 
slices coronal and sagittal, and 2-mm slices axial.

To identically position the respective parallel lines, we 
implemented the coordinate system 3D Curved MPR by 
defining x-, y- and z-axes. This allowed us to arrange the 
coordinates for all the measurements in both the coronal 
and transversal planes, as follows: using a best-fit circle 
the center of the glenoid was identified as zero point. The 
x-axis follows the zero point and passes through the scapu-
lar body and the y-axis is established along the borders of 
the glenoid parallel to the articular surface. Using a best-fit 
circle, the center of the glenoid was defined as midpoint of 
the articular surface in the coronal, transverse and sagit-
tal planes. In the coronal plane, the z-axis was defined by 
the center of the glenoid and the body of the scapula. The 
center point of the glenoid was controlled by the sagittal 
plane (Fig. 1). The shape of the glenoid was classified in 
tear drop or oval shape in the sagittal plane.

The height of the glenoid was defined as the most cra-
nial and caudal border of the glenoid in the coronal plane, 
while the most anterior and posterior border of the glenoid 
in the transversal plane represented the width (Figs. 2 and 
3). Measuring the depth of the glenoid involves determin-
ing the distance between the lowest and highest points of 
the articular surface by the underlying bone.

Degrees of version and inclination are determined by 
arranging the system of coordinates as follows: establish-
ing the x-axis parallel to the scapula body in the transverse 
plane and the anterior–posterior plane, the angle is meas-
ured as the degrees between the y-axis and the parallel to 
the articular line of the glenoid (Fig. 4).

The inclination is measured in the anterior–posterior 
plane between the y-axis and a parallel to the articular 
line of the glenoid. We measured the distance from the 
articular surface of the glenoid to the base of the coracoid 
process in the anterior–posterior and transversal CT plane 
(Fig. 5) by running a line parallel to the y-axis through the 
base of the coracoid process and measuring its separation 
from the articular line of the glenoid in millimeters (GCF). 
The same steps were repeated in the transversal plane 
(GCS). Furthermore, we defined the distance between the 
articular surface of the glenoid and the lateral edge of the 
acromion and humeral head in millimeters (GA) by meas-
uring the gap between the y-axis and a parallel line run-
ning through the lateral edge of the acromion and humeral 
head. In addition, we measured the distance between the 
coracoid base and lateral edge of the acromion in the ante-
rior–posterior plane by aligning the y-axis with the base 
of the coracoid process and setting the zero point in the 
center of the glenoid articular surface. This allowed for 
measuring of the gap between the y-axis and the parallel 
line through the lateral edge of the acromion in millimeters 
(CA).
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CT scans allowed, excluding the proximal humeral frac-
tures, for approximation of the surface area of the humeral 
head, which we achieved by measuring the area in the 

transversal plane in square millimeters. A best-fit circle was 
used and matched to the greater tuberosity. All measure-
ments were based on the three-dimensional coordinate sys-
tem 3D Curved MPR corresponding to their 2D projections. 
The MPR is based on 2-mm axial slices in − 120.00-mm 
position. At all times, we oriented the coordinate system 
towards the center point of the glenoid articular surface.

Statistical analysis

The collected data were analyzed in the SPSS statistical pro-
gram (Version 25.0.0.0, IBM, Armonk, NY, USA). Normal 
distributions between male and female subjects were moni-
tored using the Kolmogorov–Smirnov test.

Correlations were identified via the Pearson test. The 
level of significance was set at a p value of < 0.05.

Due to the high number of tests conducted through the 
application of the Pearson test, we applied a Bonferroni cor-
rection to the level of significance. The interrater reliability 
was obtained via re-measurement of the CT images by a 
second observer. Both raters were blinded to the results of 
the other. Intra-rater-correlation was not measured.

Results

Radiographic outcome

We measured 131 shoulders to define the shape of the 
glenoid and 48.9% of the shoulders had the characteristic 
tear drop form, which means an oval glenoid shape with a 
slight indentation. The others just had an oval glenoid shape 

Fig. 1   3D MPR reconstruction 
by 2D scans, using a best-fit 
circle the center of the glenoid 
was identified as zero point; 
x-axis follows the zero point and 
goes through the scapular body 
and the y-axis is established 
along the borders of the glenoid 
parallel to the articular surface 
in the coronal (a), transverse (b) 
and sagittal planes (c)

Fig. 2   Height of the glenoid in mm in the coronal plane using the 
MPR reconstruction

Fig. 3   Width of the glenoid in mm in the transverse plane
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(Table 1). Table 2 presents the main radiographic measure-
ments. The measurements of the glenoid articular surface 
revealed a mean height of 32.8 ± 3.7 mm (min. 23.7 mm, 
max. 44.6 mm) and a mean width of 26.4 ± 2.7 mm (min. 
20.3 mm, max. 36.4 mm) with statistically significant gen-
der-specific differences (r = 0.699; p < 0.05). The average 
measured height of the glenoid in our female participants 
amounted to 30.5 ± 2.2 mm, compared to 35.7 ± 3.1 mm in 
our male counterparts. Consequently, the glenoid appeared 
to be 3.67 ± 2.2 mm wider in men than in women (r = 0.662; 
p < 0.01).

We measured the mean glenoid depth as 3.2 ± 1.1 mm 
(min. 0 mm, max. 5.9 mm), with statistically significant 

measured differences between men and women (r = 0.408; 
p < 0.01): We found that the mean depth in women was 
2.8 ± 0.9 mm, compared to 3.7 ± 0.9 mm in men. We could 
not observe any significant gender-specific differences in 
either angle inclination, with a mean value of 8.3 ± 6.08° 
(min. 0.08°, max. 25.9°) or degree of version, with a mean 
angle of 8.1 ± 6.3° (min. 0°, max. 26.3°).

The mean surface area of the humeral head measured 
187.1 ± 29.9 mm2 in average (min. 128.3 mm2, max. 246 
mm2), with significant differences between male and female 
subjects (r = 0.743; p < 0.01). Women were found to have a 
mean humeral head surface of 166.9 ± 20.2 mm2, whereas 
men were found to have a mean humeral head surface of 
211.4 ± 18.8 mm2.

Regarding the space calculated between the glenoid artic-
ular surface and the base of the coracoid process, we con-
ducted our measurements in two different spatial planes. We 

Fig. 4   Version of the glenoid in 
degree in the transverse plane

Fig. 5   Distance of the glenoid (G) and base of the coracoid process 
(PC) in mm in the transverse plane; humeral head (HH)

Table 1   Classification of the 
shape of glenoid

Shape of the glenoid n %

Light tear drop 64 48.9
Tear drop 17 13.0
Oval 45 34.4
Oval–round 3 2.3

Table 2   Summarized measurements (mean, min., max. SD)

Height, width and depth measured in mm; inclination and version 
in degrees; distance between the base of coracoid and glenoid (CG) 
in coronal and transverse planes. The coracoid process is a suitable 
structure for this purpose, since it is easily accessible via a deltopec-
toral approach but is only rarely affected by degenerative changes. 
However, only few among the numerous classifications available 
evaluated the relative position of the glenoid articular surface to this 
landmark. However, these classifications were merely based on radio-
graphs only and a more thorough investigation with CT data has not 
been conducted yet [10, 18]

Min Max Mean SD

Height in mm 23.7 44.6 32.7 3.7
Width in mm 20.3 36.4 26.4 2.7
Depth in mm 0.0 5.9 3.2 1.1
Inclination in degrees 0.1 25.9 8.3 60.7
Version in degrees 0.0 26.3 8.1 63.3
CG; transverse plane 0.0 12.0 6.5 2.1
CG; coronal plane 11.3 23.7 16.9 2.2
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measured a mean distance of 6.5 ± 2.2 mm (min. 0 mm, max. 
12 mm) in the transverse plane, compared to a mean separa-
tion by 16.9 ± 2.2 mm (min. 11.3 mm, max. 23.7 mm) in the 
frontal plane. Statistically significant differences between the 
sexes were not observed.

The mean distance between the glenoid articular sur-
face and the lateral acromial edge measured 34.6 ± 5.4 mm 
(min. 18.7 mm, 45.6 mm), whereas the base of the cora-
coid process and lateral acromial edge were separated by 
35.8 ± 6.0 mm (min. 17.6 mm, max. 47.8 mm).

The normal distribution of our values has shown no sig-
nificant gender-specific difference. We did, however, meas-
ure significant differences in gender pertaining to the gle-
nohumeral distance which is the gap between the greater 
tuberosity and glenoid articular surface. We observed a 
mean gap space of 49.7 ± 33 mm in female shoulders com-
pared to 55.8 ± 3.0 mm in male shoulders. The overall aver-
age amounted to 52.9 ± 4.5 mm.

Statistical analysis

It can be seen as a general fact that the higher is the glenoid, 
the wider the glenoid (r = 0.646; p < 0.01) and the bigger 
the humeral head (r = 0.703; p < 0.01) and its separation 
from the glenoid articular surface (r = 0.684; p < 0.01). The 
distance between the humeral head and articular surface is 
the only parameter that correlates directly with the patient’s 
body height (r = 0.659; p < 0.01); other parameters do not 
correlate significantly with the patient’s body height. How-
ever, the patient’s gender is a deciding factor, and we illus-
trated that male subjects have a significantly larger humeral 
head and glenoid compared with female ones. Still, we could 
neither demonstrate a correlation of our measured angles 
with the gender of the patient, nor did we find evidence of 
the glenoid form affecting any of our measured parameters.

The degree of version correlates negatively with the dis-
tance between the base of the coracoid process and articular 
surface of the glenoid when viewed in the transverse plane 
(r = − 0.264; p < 0.01). Conversely, increasing inclination 
decreases the separation of the coracoid process base from 
the lateral edge of the acromion. Furthermore, we observed 
a positive correlation between the measured distance GA 
(r = 0.842; p < 0.01), size of the humeral head, and distance 
GH (r = 0.433; p < 0.01). GA and CA correlate negatively 
with the distance GCF. A high GA value corresponds with 
a high CA value (r = 0.642; p < 0.01). The measurement 
GA correlates positively with the height and width of the 
glenoid, along with the size of the head of the humeral 
and measured GH. In the first cycle of measurements, we 
already observed a sizeable variance in the degrees of ver-
sion (36.91°), as well as inclination (40.11°), which is also 
reflected by the low interobserver reliability, with a Pearson 
correlation of –0.56.

Discussion

In case of glenoid bone loss, fixation and positioning of 
the baseplate of the glenoid component in the anatomical 
rotational center remains a challenge. Oftentimes, adding 
lateralization seems to be indicated; however, an anatomi-
cal reference to evaluate the needed amount is missing. 
There are only a few studies reporting on the clinical and 
radiological outcomes in this complex patient group [13, 
15, 24, 26]. With the aging population and the growing 
number of reverse shoulder arthroplasties, the incidence 
of this shoulder pathology will increase. This underlines 
the importance for anatomical reference to reconstruct the 
anatomical rotational center.

Different causes can lead to glenoid defects: the most 
commonly encountered patterns are posterior erosion in 
glenohumeral osteoarthritis, superior erosion in rotator cuff 
tear arthropathy and anterior defects in a setting of chronic 
anterior dislocation. Furthermore, in the setting of revision 
shoulder arthroplasty central, peripheral and global defects 
can be encountered after component removal [14, 29]. Supe-
rior glenoid defects cause surgeons to place the baseplate 
too high in the glenoid, thereby exposing the arthroplasty 
to scapular notching and glenohumeral impingement [9]. 
Therefore, bone augmentation for glenoid defects in primary 
or revision shoulder arthroplasty are used daily [2, 4]. There 
are many studies describing the different types of augmenta-
tion [4, 13, 24]. But the optimal size of the bony augmenta-
tion corresponding to the glenoid defect on the CT scan is 
not well known. Our results suggest the distance between 
the base of the coracoid process and the articular surface 
of the glenoid as a reproducible parameter for describing 
glenoid anatomy in the setting of preoperatively planning. 
In case of a reduced measured distance, a lateralization of 
the rotational center should be discussed.

Therefore, the identification and careful evaluation of the 
glenoid bone defects seem to play a key role for a success-
ful surgery. Failure to identify and correct posterior bone 
loss in the setting of a hypoplastic, biconcave or severely 
retroverted glenoid can result in an undesired retroversion of 
the baseplate. As a consequence, posterior scapular notch-
ing and posteromedial polyethylene wear can occur, asso-
ciated with a reduction in the final external rotation [15, 
17]. Recent studies have evaluated clinical results after bone 
grafting in revision surgery and reduced pain and increased 
mobility could be reported [2, 4, 15, 24].

In the case of a not appropriately reconstructed joint 
line, the center of rotation of the implant will be exces-
sively medialized, resulting in a reduced deltoid tension 
with subsequently decreased flexion strength; furthermore, 
range of motion can be impaired and a higher risk for 
instability may develop [16, 17, 25].
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For these reasons, numerous studies were designed to 
understand natural and pathological glenoid anatomy and to 
develop methods and techniques for appropriate component 
positioning to improve surgical results and prevent implant 
failure [2, 11, 28]. Of course, we are aware that implant sys-
tems exist especially designed to accommodate individuals 
using CT scans or the use of an intraoperative navigation in 
the fixation of the glenoid component. Actually, these systems 
are not commonly used and not very cost efficient. Nowadays, 
CT scans are frequently used to complete the radiological pre-
operative study prior to a shoulder replacement. It allows a 
precise characterization of glenoid morphology.

Our results suggest the base of the coracoid as an ana-
tomical reference for glenoid reconstruction in the primary 
implantation and revision arthroplasty settings. With the 
coracoid process being unaffected by surgical procedures, 
the knowledge of this normal anatomical relations can be an 
adjunctive tool to guide the surgeon in challenging cases of 
glenoid bone defects. In case of a non-anatomical distance, 
it can be a helpful orientation for planning a bone graft. 
Another specific point of interest we discovered appears to 
be the patient’s gender, which is already well known [21]. 
We observed significant gender-specific differences in most 
of our measured parameters. The glenoid, for example, is 
significantly enlarged in male subjects, which in turn, pro-
portionally influences the anatomical arrangement of the 
other structures in relation to each other. The gender-specific 
size of the glenoid is commonly reported. However, body 
height appears to have no influence on the size of the gle-
noid surface area, which means that tall individuals do not 
necessarily have a larger glenoid. However, the surface area 
of the humeral head seems to be directly proportional to the 
patient’s body height. This automatically leads to an increase 
of the distance between the articular surface of the glenoid 
and the greater tuberosity in tall patients. In these individu-
als, it would be important to investigate the influence of the 
lateralization of the glenoid component.

The limitations of the study are that the measurements 
were based on 3D multiplanar reconstruction corresponding 
on 2D scans. We are aware of numerous studies detailing 
how 3D measures and their corresponding 2D projections 
do not always yield the same conclusions in terms of ana-
tomic reference. Moreover, the intra-rater reliability was not 
analyzed. With the intention to evaluate the accuracy of the 
CT-based measurements, a cadaveric study by our group 
will follow.

Conclusions

In conclusion, we can agree that pre- and intraoperative 
measuring techniques and their implications for the survival 
of reverse shoulder arthroplasty must be further established 

to meet the surgical demands of the current trend. Our 
results have established a distance of 6.5 ± 0.22 mm in the 
transverse CT plane between the articular surface of the gle-
noid and base of the coracoid process. The small variance 
in measurements as well as the high interobserver reliability 
(r = 0.72) further support the use of this reference point in 
preoperative planning.
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