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Abstract
Background  Due to the difference in size between the humeral head and the glenoid, the shoulder joint is prone to 
instability. Therefore, the reconstruction of the physiological joint morphology is of great importance in shoulder joint 
preservation and replacement surgery. The aim of this study was to describe physiological reference parameters for 
the morphology of the glenoid for the first time.

Material and methods  MRI images of the shoulder joints of 418 patients (mean age: 50.6 years [± 16.3]) were 
retrospectively analysed in a low-grade osteoarthritic population. The glenoid distance in coronal (GDc) and axial view 
(GDa), glenoid inclination (GI) and version (GV) as well as scapula neck length (SNL) were measured. Parameters were 
studied in association for age, gender, side and degeneration grade.

Results  Mean GDc was 33.4 mm (± 3.6), mean GDa 26.8 mm (± 3.2), mean GI 10.5° (± 6.4), mean GV -0.4 mm (± 5.4) 
and mean SNL was 33.4 mm (± 4.7). GDa was significant higher in right shoulders (p < 0.001). GDc and GDa showed 
significant higher mean values in older patients (p < 0.001) and in shoulders with more severe degenerative changes 
(p < 0.05). While GDc, GDa and SNL were significant larger in male patients (p < 0.001), GI had a higher mean value in 
female shoulders (p = 0.021).

Conclusion  Age, gender and shoulder joint degeneration influence changes in the morphological parameters of the 
glenoid. These findings have to be considered in shoulder diagnostics and surgery.

Clinical trial number  Not applicable.

Highlights
	• 418 shoulder MRIs were retrospectively evaluated for glenoidal distance in coronal and axial view, glenoidal 

inclination, glenoidal version as well as scapula neck length.
	• Significant side-, age- and gender-specific differences were detected.
	• The analysis of the glenoidal version showed a slight retroversion position on average.
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Introduction
The morphology of the shoulder joint is highly complex 
[1–3]. In its function as a spherical joint, it has three 
degrees of freedom [4, 5]. A morphological peculiarity is 
the unequal size ratio of the articulation partners. Due to 
the joint pairing between the significantly larger humeral 
head and the smaller glenoid, the shoulder joint has a 
high range of motion, but at the same time is susceptible 
to instability in the event of suboptimal joint configura-
tion [4–8]. Instability can be an expression of a patho-
logical change in the morphology of the shoulder joint, 
as well as causing long-term degenerative damage [9–12]. 
In particular, the morphological constitution of the gle-
noid is crucial for joint stability [13]. There is a prevailing 
agreement in the current literature that chronic shoulder 
instability in young patients should be treated surgically, 
as the risk of premature osteoarthritis development is 
otherwise significantly increased [12]. Special attention 
should be paid to the glenoid in surgical treatment, as 
Vetter et al. were able to show that degenerative changes 
in the humeral head correlate with the morphology of the 
glenoid [14].

Furthermore, the positioning of the glenoid compo-
nent is essential for joint stability after arthroplasty of the 
shoulder [15, 16]. Whether implanting the anatomical 
total shoulder joint arthroplasty or the reverse type, mal-
positioning of the glenoid component leads to instability 
and in the worst case to dislocation [16–18].

In this context, the three-dimensional morphology of 
the glenoid is of great importance in therapy of shoulder 
joint instability. In order to achieve an optimal postop-
erative result in case of glenoid fractures in combination 
with labral lesion or heavy joint degeneration, the best 
possible reconstruction of the physiological glenoid mor-
phology is required for both joint-preserving and joint-
replacing therapy [19, 20]. However, this requires valid 
ranges of physiological reference values for preoperative 
diagnostics and planning, especially in severe defect situ-
ations. Indeed, there are only a few studies in the current 
literature that examine the morphology of the glenoid 
in a radiologically low-level osteoarthritic population 
[21, 22]. In addition, some of the published references 
are based on conventional radiographs [22, 23]. There is 
a consensus that cross-sectional imaging is required for 
optimal radiological assessment of shoulder morphology 
[23–26].

The aim of the present study was therefore to define 
physiological reference values for glenoid morphology 

using cross-sectional imaging in a low-grade osteoar-
thritic population in order to optimize diagnostics and 
surgical therapy of shoulder joint instability in the native 
and arthroplasty joint. In addition, side-, age-, gender-, 
and degeneration-specific differences in glenoid mor-
phology should be analysed.

Materials and methods
Patients
Between 2013 and 2021, a total of n = 2,629 patients 
underwent a magnetic resonance imaging of the shoul-
der joint in the Department for Diagnostic and Inter-
ventional Radiology of University Medical Center 
Goettingen. These MRIs were reviewed retrospectively. 
The aim of the analysis was to examine the physiological 
morphology of the glenoid in a low-grade osteoarthritic 
population. After applying inclusion and exclusion crite-
ria, 418 patients were included in the final analysis. The 
study collective was divided into two age groups (20–50 
and > 50 years). The study was approved by the local eth-
ics committee (IRB number 17/5/22) and performed in 
accordance with the principles expressed in the Declara-
tion of Helsinki. Without exception, the evaluated MRI 
were taken as part of routine diagnostics because of clini-
cal symptoms. All MRIs were assessed by a senior radiol-
ogist and LEB, MPM, ASAH and TH to exclude extended 
structural injuries or heavy joint degeneration.

Inclusion criteria
All examinations accessible via PACS system (Pic-
ture Archiving and Communication System) between 
01.01.2013 to 31.12.2021 were initially included in the 
study. Out of these, all patients with an age of 20 years 
or more were included. All MRI scans were performed 
on patients to assess shoulder joint pathologies. Only 
patients with a Kellgren/Lawrence score [27] < 3 were 
classified as “healthy shoulder joint” (SJH). Patients with 
Kellgren/Lawrence Score of ≥ 3 were classified as “degen-
erative shoulder joint” (SJD). All MRIs were examined by 
the internal radiology department as part of the clinical 
diagnostic procedure. Every report was re-evaluated by 
LEB, MPM, ASAH and TH in a blinded fashion.

Exclusion criteria
All patients with fractures, osteonecrosis, dysplasia or 
tumours were excluded. Patients who had undergone 
osteosynthesis or arthroplasty were likewise excluded. 
Similarly, the data did not include patients who had any 

	• The glenoidal distance parameters appear to increase as part of the ageing process due to degenerative 
changes.

	• These results should be considered in shoulder diagnostics and surgery.
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other implants after shoulder joint preservation surgery. 
Patients with humeral head suluxation and extensive 
injuries of the rotator cuff were excluded, too. Low-
quality MRIs (based on only a few radiological sections), 
were excluded. In addition, all MRIs with imaging arte-
facts were ruled out. Figure  1 shows a flowchart of the 
inclusion and exclusion procedure of the initial study 
collective.

MRI analysis, parameters and methods of measurement
The “Magnetom Vida” from “Siemens Healthineers” was 
used as the standardized MRI scanner. MRI examinations 
of the shoulder were performed using a standard imaging 
protocol that adhered to the guidelines recommended by 
the European Society of Skeletal Radiology (ESSR). The 
scans were conducted with the patient in a supine posi-
tion, with the arm in a neutral position to ensure optimal 
imaging of the shoulder joint structures.The imaging pro-
tocol included the following sequences:

T1-weighted Spin Echo (SE) in the coronal oblique 
plane with a slice thickness of 3 mm, used for anatomical 
evaluation and fat-containing structures.

Proton Density-weighted (PD) fat-Saturated images in 
the coronal oblique, sagittal oblique, and axial planes, 
with a slice thickness of 3 mm, to assess soft tissue and 
cartilage abnormalities while suppressing fat signal. The 
slice thickness across all sequences was maintained at 
3  mm with an interslice gap of 0.3–0.5  mm to ensure 
high-resolution imaging while minimizing artifact 
overlap. All imaging was performed with attention to 

standardized field-of-view (FOV) and matrix size param-
eters as recommended by the ESSR guidelines to ensure 
consistency and diagnostic accuracy.

All measurements were taken via the PACS system 
(Picture Archiving and Communication System). Soft-
ware from GE Healthcare called Centricity™ Universal 
Viewer was used (RA1000, edition 2019, Buckingham-
shire, Great Britain). The osteoarthritis score of each 
shoulder joint was classified according to Kellgren/
Lawrence (KL20), to group patients in SJH and SJD. All 
glenoidal morphology parameters were measured after 
established methods. The glenoid distance in coronal 
(GDc) and axial view (GDa), the glenoid inclination (GI), 
the glenoid version (GV) as well as scapula neck length 
(SNL) were determined [21, 28, 29]. To determine GD, 
the length of the maximum extension of the glenoid 
articular surface was measured in both the coronal (GDc) 
and axial (GDa) dimensions. In order to calculate the 
GI, a tangent was first applied to the cranial and caudal 
boundaries of the glenoid in the coronal plane. A linear 
line was then placed through the superior border of the 
scapula. Of the angles formed at the intersection of the 
two lines, the inferior medial angle was used for further 
calculation. From this angle, 90° were subtracted, result-
ing in GI. The same principle was used to determine the 
tangent and corresponding straight line in the axial sec-
tional plane for the measurement of GV. For the further 
calculation the ventral lateral angle at the crossing point 
was used. From this angle, 90° were subtracted, result-
ing in GV. To determine SNL, the widest extent from the 

Fig. 1  Flowchart of inclusion and exclusion process of the initial collective: 2629 patients who underwent MRI of the shoulder joint between 2013 and 
2021 were examined. Patients with former osteosynthesis or arthroplasty (n = 827), detected injuries, tumours or bone defects (n = 1033), as well as MRIs 
with insufficient quality standard (n = 351) were excluded. In consequence, 418 patients were included in the final analysis
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Fig. 2 (See legend on next page.)
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joint surface side to the cortical end of the medial scapula 
neck was measured in the axial view. All measurements 
were carried out in a standardized manner on the best-
represented layers with the largest measuring surface 
for each parameter. Figure  2 shows the principle of the 
measurement methodology. All radiographic parameters 
in this MRI study were manually measured separately 
in a standardized manner by the same observer (LEB) 
under supervision of an experienced senior radiologist 
(ASAH). Intraobserver reliability of the measurements 
of all parameters was assessed for a subset of 50 subjects 
by blinded re-evaluation at 2 weeks after the first mea-
surement and using the same technique. Interobserver 
reliability was assessed by two observers (LEB and MPM) 
independently for 50 subjects.

Statistics
For side-, age- and gender-specific analyses of GDc, GDa, 
GI, GV and SNL a Mann-Whitney U test was used. Like-
wise, Mann Whitney U test was implemented for com-
parison of SJH and SJD for all assessed parameters. The 
side-specific analysis included only one shoulder joint 
of the examined patients. No patient was examined 
bilaterally.

In order to detect possible interrelationships between 
the different glenoidal morphology parameters and 
patient age, a Spearman correlation was set. Intra- and 
interobserver reliabilities were evaluated using intraclass 
correlation coefficients (ICC). Overall, mean ± standard 
deviation is stated. Statistical analysis was performed 
with GraphPad Prism 9.00 (GraphPad Software, San 
Diego, USA), SPSS Statistics software version 27.0 
(IBM SPSS Inc., Chicago, IL, USA) and Microsoft Excel 
(Microsoft Office 2016, Redmond, USA). Significant dif-
ferences are marked with asterisks (***p < 0.001, **p < 0.01, 
*p < 0.05).

Results
Characteristics of the study population
In this study 235 males (56.2%) and 183 females (43.8%) 
were analysed. 228 right (54.6%) and 190 left (45.4%) 
shoulders were included in the final analysis. The mean 
age of the study population was 50.6 years (± 16.3 [age 
range: 20–89 years]).

Analysis of intra-observer and inter-observer reliability
ICC for intra-observer reliability ranged from 0.82 to 0.96 
and interobserver reliability from 0.80 to 0.95, indicating 
results between good and excellent reliability. Taking into 
account the initial measurements, the control measure-
ments by the same examiner as well as the measurements 
by a second examiner, cumulative ICC values of 0.82 to 
0.96 (GDc: 0.96; GDa: 0.88, GI: 0.87; GV: 0.82; SNL: 0.87) 
resulted. These results are summarised in Fig. 3.

Analysis of glenoidal morphology parameters
Table 1 shows the descriptive analysis of glenoidal mor-
phology in patients without radiological structural dam-
age or radiological osteoarthritis (n = 418) including 
mean values, standard deviation, minimal and maximal 
measured values for GDc, GDa, GI, GV and SNL.

Glenoidal distance in coronal view
In total (n = 418) a mean GDc of 33.4  mm (± 3.6 [24.4–
48.0]) was found. The mean GDc in left shoulders 
(n = 190) was 33.1  mm (± 3.6) and 33.6  mm (± 3.7) on 
the right joint side (n = 228). For the younger patients 
(20–50 years, n = 194) a mean GDc of 32.7  mm (± 3.4) 
was detected, while the older patients (> 50 years, n = 224) 
showed a mean GDc of 34.0  mm (± 3.8). The analysis 
yielded a mean GDc of 30.0 mm (± 2.8) in female shoul-
ders (n = 183) and of 35.2  mm (± 3.1) in male shoulders 
(n = 235).

Glenoidal distance in axial view
In total a mean GDa of 26.8 mm (± 3.2 [19.3–39.1]) was 
found. The mean GDa in left shoulders was 26.1  mm 
(± 3.2) and 27.4  mm (± 3.6) in right shoulders. For the 
younger age group, a mean GDa of 25.9 mm (± 3.2) was 
detected, while the older patients showed a mean GDa 
of 27.6 mm (± 3.5). The analysis yielded a mean GDa of 
24.4  mm (± 2.5) in female shoulders and of 28.7  mm 
(± 3.0) in male shoulders.

Glenoid inclination
In total a mean GI of 10.5° (± 6.4 [-5.3-30.2]) was found. 
The mean GI in left shoulders was 11.0° (± 6.4) and in 
right shoulders 10.1° (± 5.9). For the younger age group, 
a mean GI of 10.7° (± 5.8) was detected, while the older 
patients showed a mean GI of 10.4° (± 6.5). The analysis 

(See figure on previous page.)
Fig. 2  Exemplary depiction of the measurements of the glenoidal distance in coronal (GDc, a) and axial view (GDa, b), glenoidal inclination (GI, c), gle-
noidal version (GV, d) and scapula neck length (SNL, e): The measurements of GDc, GI and SNL were all performed in coronal view of the shoulder joint in 
MRIs. GDa and GV was measured in the axial view. To determine GD, the length of the maximum extension of the glenoid articular surface was measured 
in both the coronal (GDc, a) and axial (Goa, b) dimensions. In order to calculate the GI, a tangent was first applied to the cranial and caudal boundaries of 
the glenoid in the coronal plane. A linear line was then placed through the superior border of the scapula. Of the angles formed at the intersection of the 
two lines, the inferior medial angle was used for further calculation. From this angle, 90° were subtracted, resulting in GI (c). The same principle was used 
to determine the tangent and corresponding straight line in the axial sectional plane. For the further calculation the ventral lateral angle at the crossing 
point was used. From this angle, 90° were subtracted, resulting in GV (d). To determine SNL (e), the widest extent from the joint surface side to the cortical 
end of the medial scapula neck was measured in the axial view
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yielded a mean GI of 11.1° (± 5.6) in female shoulders and 
of 10.0° (± 6.6) in male shoulders.

Glenoid version
In total a mean GV of -0.4° (± 5.4 [-14.4-19.0]) was found. 
The mean GV on the left shoulder joint was − 0.2° (± 5.4) 
and on the right joint side − 0.5° (± 5.3). For the younger 
age group, a mean GV of -0.7° (± 5.6) was detected. The 

older patients showed a mean GV of -0.1° (± 5.2). The 
analysis yielded a mean GV of 0.2° (± 5.1) in female shoul-
ders and of -0.8° (± 5.5) in male shoulders.

Scapula neck length
In total a mean SNL of 33.4 mm (± 4.7 [20.5–48.3]) was 
found. The mean SNL in left shoulders was 33.4  mm 
(± 4.7) and also in right shoulders 33.4  mm (± 5.2). For 
the younger age group, a mean SNL of 33.0  mm (± 4.5) 
was detected, while the older patients showed a mean 
SNL of 33.8 mm (± 5.3). The analysis yielded a mean SNL 
of 31.6  mm (± 4.3) in female shoulders and of 34.8  mm 
(± 5.0) in male shoulders.

Analysis of side specific differences for glenoidal 
morphology parameters
There was only a significant difference (p < 0.001) for GDa 
between left (26.1 mm [± 3.2]) and right (27.4 mm [± 3.6]) 
shoulder joints. No side-specific differences were found 

Table 1  Analysis of the mean value of the glenoid parameters 
with associated standard deviation (SD), minimum (min.) And 
maximum (max.)
(n = 418) MW SD min. max.
GDc [mm] 33.4 ± 3.6 24.4 48.0
GDa [mm] 26.8 ± 3.2 19.3 39.1
GI [°] 10.5 ± 6.4 -5.3 30.2
GV [°] -0.4 ± 5.4 -14.4 19.0
SNL [mm] 33.4 ± 4.7 20.5 48.3
SD: Standard Deviation min.: minimale max.: maximal

Fig. 3  Determination of intraclass/interclass correlation coefficient (ICC) of glenoidal distance in coronal (GDc, a) and axial view (GDa, b), glenoidal incli-
nation (GI, c), glenoidal version (GV, d) as well as scapula neck length (SNL, e): The white box plots represent the initial measurements by LEB, the dark grey 
ones the second recordings by LEB. The box plots marked in light grey reflect the measurements by MPM. The figures show the cumulative ICC between 
the initial and control measurements by LEB and the observations by MPM. Outliers were marked with points. Excellent measurement reliability (ICC > 0.9) 
was determined for GDc. GDa, GI, GV and SNL showed good investigation reliability (ICC between 0.75 and 0.9). The control measurements were carried 
out at intervals of two weeks by the same investigator again and another one in blinded fashion on the basis of 50 subjects
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for GDc (p = 0.248), GI (p = 0.168), GV (p = 0.519) and 
SNL (p = 0.739). All results are summarised in Table 2.

Analysis of age specific differences and age depending 
correlation analysis for glenoidal morphology parameters
For GDc and GDa significant differences were found 
between the age groups (p < 0.001). The analysis showed a 
mean GDc of 32.7 mm (± 3.4) as well as GDa of 25.9 mm 
(± 3.2) in patients with an age of 20–50 years and a mean 
GDc of 34.0 mm (± 3.8) as well as GDa of 27.6 mm (± 3.5) 
in patients with an age over 50 years. There were no sig-
nificant differences for GI (p = 0.376), GV (p = 0.097) and 

SNL (p = 0.131). These results are summarised in Table 3. 
Furthermore, an analysis of age-specific differences was 
performed separately for the left and right shoulder 
joints. Significant differences were observed for GDc 
(left: p = 0.008, right: p = 0.016) and GDa (left: p = 0.029; 
right: p < 0.001) as well. No significant differences in the 
body side separated age-specific analysis were detected 
for GI, GV and SNL. Tables 4 and 5 present these results 
in detail.

The correlation analysis showed weak significant 
(p < 0.001) correlations between age and GDc (rS=0.181) 
respectively GDa (rS=0.290). There were no signifi-
cant correlations between age and GI (p = 0.549), GV 
(p = 0.189) as well as SNL (p = 0.661). The results of the 
correlation analysis are summarised in Fig. 4.

Analysis of gender specific differences for glenoidal 
morphology parameters
For all parameters with the exception of GV (p = 0.079) 
significant gender-associated differences were detected. 
The mean GDc in female patients was 30.0  mm (± 2.8) 
and 35.2  mm (± 3,1) in male patients (p < 0.001). Like-
wise, a significant (p < 0.001) difference in GDa was 
found between male shoulder joints (28.7  mm [± 3.0]) 
and females (24.4  mm [± 2.5]). GI showed a significant 
(p = 0.021) different mean in the women group (11.1° 
[± 5.6]) in comparison to the men group (10.0° [± 6.6.]). 
Furthermore, SNL was significant (p < 0.001) different 
between male shoulder joints (34.8 mm [± 5.0]) and the 
female ones (31.6  mm [± 4.3]). These results are sum-
marised in Table 6. Moreover, an analysis of gender-spe-
cific differences was performed separately for the left and 
right shoulder joints. Significant differences were found 
for GDc (left and right each: p < 0.001), GDa (left and 
right each: p < 0.001), GI (left: p = 0.049, right: p = 0.037) 
and SNL (left and right each: p < 0.001) as well. No sig-
nificant differences in the body side separated gender-
specific analysis were detected for GV. Tables  7 and 8 
present these results in detail.

Analysis between glenoidal morphology parameters and 
grade of osteoarthritis
403 (96,4%) patients were graded as KL 0–2 (SJH) and 
15 (3.6%) patients were graded as KL 3–4 (SJD). The SJH 
group included 186 left und 217 right shoulder joints, 
183 patients with an age of 20–50 years and 220 patients 
with an age over 50 years. Furthermore, 175 female and 
228 male shoulders were classified as KL 0–2. In the 
SJD group were 4 left and 11 right shoulder joints. 2 
Patients had an age between 20 and 50 years, while 13 
patients were older than 50 years. 8 women and 7 men 
were included in the SJD group. There was a significant 
difference (p = 0.027) between the mean GDc of the SJH 
(33.3 mm [± 3.6]) compared to the mean GDc of the SJD 

Table 2  Analysis of side-specific differences between glenoid 
parameters

total 
(n = 418)

left 
(n = 190)

right 
(n = 228)

p-value

GDc [mm] 33.4 (± 3.6) 33.1 (± 3.6) 33.6 (± 3.7) 0.2481

GDa [mm] 26.8 (± 3.2) 26.1 (± 3.2) 27.4 (± 3.6) < 0.001***1

GI [°] 10.5 (± 6.4) 11.0 (± 6.4) 10.1 (± 5.9) 0.1681

GV [°] -0.4 (± 5.4) -0.2 (± 5.4) -0.5 (± 5.3) 0.5191

SNL [mm] 33.4 (± 4.7) 33.4 (± 4.7) 33.4 (± 5.2) 0.7391

1 Mann-Whitney U test

Table 3  Analysis of age-specific (age in years) differences 
between glenoid parameters

total 
(n = 418)

20–50 y. 
(n = 194)

> 50 y. 
(n = 224)

p-value

GDc [mm] 33.4 (± 3.6) 32.7 (± 3.4) 34.0 (± 3.8) < 0.001***1

GDa [mm] 26.8 (± 3.2) 25.9 (± 3.2) 27.6 (± 3.5) < 0.001***1

GI [°] 10.5 (± 6.4) 10.7 (± 5.8) 10.4 (± 6.5) 0.3761

GV [°] -0.4 (± 5.4) -0.7 (± 5.6) -0.1 (± 5.2) 0.0971

SNL [mm] 33.4 (± 4.7) 33.0 (± 4.5) 33.8 (± 5.3) 0.1311

1 Mann-Whitney U test

Table 4  Analysis of age-specific (age in years) differences 
between glenoid parameters of included left shoulder joints

total 
(n = 190)

20–50 y. 
(n = 79)

> 50 y. 
(n = 111)

p-value

GDc [mm] 33.1 (± 3.6) 32.3 (± 3.5) 33.6 (± 3.6) 0.008**1

GDa [mm] 26.1 (± 3.2) 25.5 (± 3.2) 26.5 (± 3.1) 0.029*1

GI [°] 11.0 (± 6.4) 11.5 (± 5.9) 10.6 (± 6.8) 0.1371

GV [°] -0.2 (± 5.4) -0.2 (± 5.9) -0.2 (± 5.2) 0.8641

SNL [mm] 33.4 (± 4.7) 33.2 (± 4.4) 33.5 (± 4.9) 0.5691

1 Mann-Whitney U test

Table 5  Analysis of age-specific (age in years) differences 
between glenoid parameters of included right shoulder joints

total 
(n = 228)

20–50 y. 
(n = 106)

> 50 y. 
(n = 122)

p-value

GDc [mm] 33.6 (± 3.7) 33.0 (± 3.4) 34.2 (± 3.9) 0.016*1

GDa [mm] 27.4 (± 3.6) 26.2 (± 3.3) 28.4 (± 3.6) < 0.001***1

GI [°] 10.1 (± 5.9) 10.1 (± 5.7) 10.1 (± 6.2) 0.9491

GV [°] -0.5 (± 5.3) -0.9 (± 5.2) -0.1 (± 5.4) 0.1481

SNL [mm] 33.4 (± 5.2) 32.8 (± 4.6) 33.9 (± 5.7) 0.1831

1 Mann-Whitney U test
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Fig. 4  Correlation analysis between patients age and GDc, GDa, GI, GV and SNL: The analysis based on Spearman correlation. The analysis detected a 
significant correlation of GDc (rS: 0.18; p < 0.01;) (a) and GDa (rS: 0.29; p < 0.01;) (b) with patient age. There was no significant correlation between patient 
age and GI (rS=-0.03; p = 0.55) (c), GV (rS=0.07; p = 0.19) (d) respectively SNL (rS=0.02; p = 0.66) (e)
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(36.1  mm [± 4.8]). Likewise, GDa showed a significant 
difference (p = 0.017) between the groups (SJH: 26,7 mm 
[± 3.4]; SJD: 29.3 mm [± 4.0]). The other measured param-
eters showed no significant differences in comparison of 
both groups (GI: p = 0.676; GV: p = 0.341; SNL: p = 0.576). 
The results are summarised in Table  9. More specifi-
cally, separate page, age and gender analyses were carried 
out in the SJH and SJD groups. The side-specific analy-
sis showed significant differences for GDc (p = 0.048) 
and GDa (p < 0.001) in patients classified as KL 0–2. In 
the SJD group no significant differences were detected. 
Likewise, GDc (p = 0.002) and GDa (p < 0.001) differed 

significantly between patients with an age between 20 
and 50 and over 50 years in SJH, but not in SJD. With the 
exception of GV (p = 0.051), significant differences were 
found between female and male shoulder joint in the SJH 
group (GDc: p < 0.001, GDa: <0.001, GI: p = 0.024 and 
SNL: p < 0.001). The analysis of SJD revealed only a gen-
der-specific difference for GDc (p = 0.026). Tables 10, 11, 
12, 13, 14 and 15 present these results in detail.

Table 6  Analysis of gender-specific differences between glenoid 
parameters

total 
(n = 418)

females 
(n = 183)

males 
(n = 235)

p-value

GDc [mm] 33.4 (± 3.6) 30.0 (± 2.8) 35.2 (± 3.1) < 0.001***1

GDa [mm] 26.8 (± 3.2) 24.4 (± 2.5) 28.7 (± 3.0) < 0.001***1

GI [°] 10.5 (± 6.4) 11.1 (± 5.6) 10.0 (± 6.6) 0.021*1

GV [°] -0.4 (± 5.4) 0.2 (± 5.1) -0.8 (± 5.5) 0.0791

SNL [mm] 33.4 (± 4.7) 31.6 (± 4.3) 34.8 (± 5.0) < 0.001***1

1 Mann-Whitney U test

Table 7  Analysis of gender-specific differences between glenoid 
parameters of included left shoulder joints

total 
(n = 190)

females 
(n = 93)

males 
(n = 97)

p-value

GDc [mm] 33.1 (± 3.6) 30.8 (± 2.7) 35.2 (± 3.0) < 0.001***1

GDa [mm] 26.1 (± 3.2) 23.9 (± 2.2) 28.1 (± 2.6) < 0.001***1

GI [°] 11.0 (± 6.4) 11.5 (± 4.9) 10.5 (± 7.6) 0.049*1

GV [°] -0.2 (± 5.4) 0.3 (± 5.1) -0.7 (± 5.8) 0.1861

SNL [mm] 33.4 (± 4.7) 31.7 (± 4.0) 35.0 (± 4.7) < 0.001***1

1 Mann-Whitney U test

Table 8  Analysis of gender-specific differences between glenoid 
parameters of included right shoulder joints

total 
(n = 228)

females 
(n = 90)

males 
(n = 138)

p-value

GDc [mm] 33.6 (± 3.7) 31.1 (± 2.9) 35.3 (± 3.2) < 0.001***1

GDa [mm] 27.4 (± 3.6) 24.9 (± 2.8) 29.1 (± 3.1) < 0.001***1

GI [°] 10.1 (± 5.9) 10.8 (± 6.2) 9.6 (± 5.7) 0.037*1

GV [°] -0.5 (± 5.3) 0.1 (± 5.1) -0.8 (± 5.4) 0.2501

SNL [mm] 33.4 (± 5.2) 31.4 (± 4.6) 34.6 (± 5.3) < 0.001***1

1 Mann-Whitney U test

Table 9  Analysis of osteoarthritis-specific differences between 
glenoid parameters

total 
(n = 418)

KL 0–2 
(n = 403)

KL 3–4 
(n = 15)

p-
value

GDc [mm] 33.4 (± 3.6) 33.3 (± 3.6) 36.1 (± 4.8) 0.027*1

GDa [mm] 26.8 (± 3.2) 26.7 (± 3.4) 29.3 (± 4.0) 0.017*1

GI [°] 10.5 (± 6.4) 10.5 (± 6.2) 10.8 (± 4.5) 0.6761

GV [°] -0.4 (± 5.4) -0.3 (± 5.3) -1.8 (± 6.0) 0.3411

SNL [mm] 33.4 (± 4.7) 33.4 (± 5.0) 32.7 (± 5.5) 0.5761

1 Mann-Whitney U test

Table 10  Analysis of side-specific differences between glenoid 
parameters of included shoulder joints with a Kellgren/Lawrence 
score of 0–2

total 
(n = 403)

left 
(n = 186)

right 
(n = 217)

p-value

GDc [mm] 33.3 (± 3.6) 33.0 (± 3.6) 33.6 (± 3.6) 0.048*1

GDa [mm] 26.7 (± 3.4) 26.0 (± 3.1) 27.3 (± 3.6) < 0.001***1

GI [°] 10.5 (± 6.2) 10.9 (± 6.5) 10.1 (± 6.0) 0.2301

GV [°] -0.3 (± 5.3) -0.1 (± 5.4) -0.4 (± 5.3) 0.4851

SNL [mm] 33.4 (± 5.0) 33.4 (± 4.7) 33.4 (± 5.2) 0.9201

1 Mann-Whitney U test

Table 11  Analysis of side-specific differences between glenoid 
parameters of included shoulder joints with a Kellgren/Lawrence 
score of 3–4

total (n = 15) left (n = 4) right (n = 11) p-value
GDc [mm] 36.1 (± 4.8) 36.9 (± 2.8) 35.8 (± 5.6) 0.5081

GDa [mm] 29.3 (± 4.0) 30.0 (± 5.3) 29.0 (± 4.0) 0.9731

GI [°] 10.8 (± 4.5) 13.4 (± 3.2) 9.8 (± 4.9) 0.1881

GV [°] -1.8 (± 6.0) -3.5 (± 6.5) -1.2 (± 6.4) 0.6811

SNL [mm] 32.7 (± 5.5) 34.4 (± 1.5) 32.1 (± 6.5) 0.2801

1 Mann-Whitney U test

Table 12  Analysis of age-specific (age in years) differences 
between glenoid parameters of included shoulder joints with a 
Kellgren/Lawrence score of 0–2

total 
(n = 403)

20–50 y. 
(n = 183)

> 50 y. 
(n = 220)

p-value

GDc [mm] 33.3 (± 3.6) 32.6 (± 3.4) 33.8 (± 3.6) 0.002**1

GDa [mm] 26.7 (± 3.4) 25.8 (± 3.1) 27.4 (± 3.5) < 0.001***1

GI [°] 10.5 (± 6.2) 10.7 (± 5.8) 10.3 (± 6.6) 0.4111

GV [°] -0.3 (± 5.3) -0.6 (± 5.5) -0.1 (± 5.2) 0.1661

SNL [mm] 33.4 (± 5.0) 33.0 (± 4.5) 33.8 (± 5.3) 0.1361

1 Mann-Whitney U test

Table 13  Analysis of age-specific (age in years) differences 
between glenoid parameters of included shoulder joints with a 
Kellgren/Lawrence score of 3–4

total (n = 15) 20–50 y. (n = 2) > 50 y. (n = 13) p-value
GDc [mm] 36.1 (± 4.8) 39.2 (± 2.6) 35.6 (± 5.1) 0.2191

GDa [mm] 29.3 (± 4.0) 34.0 (± 4.7) 28.6 (± 3.8) 0.2191

GI [°] 10.8 (± 4.5) 14.6 (± 0.0) 10.2 (± 4.8) 0.2951

GV [°] -1.8 (± 6.0) -1.6 (± 7.0) -1.9 (± 6.4) 0.9521

SNL [mm] 32.7 (± 5.5) 31.8 (± 3.1) 32.9 (± 6.0) 0.8001

1 Mann-Whitney U test
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Discussion
Shoulder instability is a clinical problem in joint preserv-
ing and replacing surgery [4–8, 15, 16]. The morpho-
logical reconstruction of the glenoid in the event of a 
traumatic injury as well as the positioning of the glenoid 
component in case of anatomic or reverse total arthro-
plasty are crucial for joint stability [13, 15, 16]. In order 
to achieve optimal postoperative results, physiological 
reference values of the morphology of the glenoid are 
required, which are insufficiently described in the current 
literature [21–23]. Therefore, it was aimed to define phys-
iological radiological reference values for the morphology 
of the glenoid. For this task, in the present study, MRI 
scans of 418 shoulder joints were examined in a low-level 
osteoarthritis collective to establish such reference values 
in order to optimize the diagnostics and therapy of shoul-
der joint instability in the native and arthroplasty joint.

Analysis of side-specific differences showed only a sig-
nificant result for GDa, which was higher on the right 
joint side compared to the left side. A possible explana-
tion for this difference is that 90% of the population is 
right-handed and therefore uses the right upper limb 
more dominantly [30, 31]. However, due to the retro-
spective nature of the present study, this assumption 
can only be made hypothetically. A comparative study 
by Karademir et al. found contrasting results. In a ret-
rospective approach, the authors examined the glenoid 
diameters of 102 shoulder joints using computerized 
topographic (CT) images [21]. No significant differ-
ences between left- and right-handers in the side-specific 
analysis were detected. However, the publication reveals 
no differentiation between the coronal and axial glenoid 

diameters, which could be a reason for the different study 
results, as the present study only found significant side-
specific differences for GDa, but not for GDc. However, 
the side-dependent analysis of patients with a KL score 
of 0–2 showed a significant difference for GDc, with 
larger values recorded on the right shoulder joints. In 
SJD patients no significant differences were revealed for 
GDc and GDa, which could be caused by the small group 
size (n = 15). Finally concluding, it needs to be recognized 
that the results of the present study do not present a clear 
pattern either. In order to finally clarify the question of 
an existing side dependency of GDc and GDa, additional 
studies are necessary that specifically examine differenti-
ated GDc and GDa between left- and right-handers, ide-
ally in a prospective design. Assuming that the present 
results could only detect a significant lateral difference 
for GDa and that this is very small (left: 26.1 mm [± 3.2]; 
right 27.4 mm [± 3.6]), it should be considered as a clini-
cal consequence to use the healthy opposite side as a ref-
erence for the reconstruction of the physiological glenoid 
morphology in the preoperative diagnostics of shoulder 
joint instability in the native joint or the planning of a 
shoulder joint replacement. This concept is clinically well 
established for hip joint arthroplasty [32, 33].

Age-dependent significant differences were found for 
GDc and GDa. In addition, a weak correlation between 
GDc and GDa with patient age was detected. To exclude 
a potential bias due to the side of the body, the analyses 
were also carried out separately for the left and right 
shoulder joints between the two age groups. Here, age-
specific differences were also found between GDc and 
GDa, so that a bias due to the side of the body can be 
excluded with high probability. Taking into account the 
osteoarthritis-dependent analysis, in which significantly 
higher measured values for GDc and GDa were found in 
the group with a higher grade of osteoarthritis (KL 3–4), 
the most plausible reason is degenerative remodelling 
of the morphological of osseous glenoid structure. The 
most likely cause for the increase in GDc and GDa with 
higher patient age appears to be the formation of osteo-
phytic marginal attachments. These already occur at a KL 
grade of 2 and could therefore also be present in the SJH 
group. This hypothesis could be confirmed by the results 
of the KL score-based analysis, since significantly greater 
values were obtained in patients older than 50 years with 
a KL score of 0–2 in the age-specific analysis of GDc and 
GDa. Although no significant differences were found in 
patients with a KL 3–4, this circumstance could be due 
to the small group size (n = 15), as explained above. An 
increase in the size of the glenoid diameters in advanced 
osteoarthritis of the shoulder joint has already been 
described by Mullaji et al. [34]. In a retrospective analy-
sis of 64 CT examinations, an increase in the antero-
posterior diameter of 5 to 8  mm was found. Pfahler et 

Table 14  Analysis of gender-specific differences between 
glenoid parameters of included shoulder joints with a Kellgren/
Lawrence score of 0–2

total 
(n = 403)

females 
(n = 175)

males 
(n = 228)

p-value

GDc [mm] 33.3 (± 3.6) 30.8 (± 2.7) 35.1 (± 3.0) < 0.001***1

GDa [mm] 26.7 (± 3.4) 24.3 (± 2.4) 28.6 (± 2.9) < 0.001***1

GI [°] 10.5 (± 6.2) 11.1 (± 5.6) 10.0 (± 6.6) 0.024*1

GV [°] -0.3 (± 5.3) 0.3 (± 5.1) -0.8 (± 5.5) 0.0511

SNL [mm] 33.4 (± 5.0) 31.6 (± 4.2) 34.8 (± 5.1) < 0.001***1

1 Mann-Whitney U test

Table 15  Analysis of gender-specific differences between 
glenoid parameters of included shoulder joints with a Kellgren/
Lawrence score of 3–4

total (n = 15) females (n = 8) males (n = 7) p-value
GDc [mm] 36.1 (± 4.8) 33.4 (± 3.2) 39.2 (± 4.9) 0.026*1

GDa [mm] 29.3 (± 4.0) 27.3 (± 3.7) 31.6 (± 3.5) 0.0561

GI [°] 10.8 (± 4.5) 11.3 (± 4.4) 10.2 (± 5.3) 0.6771

GV [°] -1.8 (± 6.0) -2.6 (± 4.2) -0.9 (± 8.3) 0.6351

SNL [mm] 32.7 (± 5.5) 31.9 (± 7.1) 33.7 (± 3.7) 0.3361

1 Mann-Whitney U test
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al. found age-specific remodelling in the area of the gle-
noidal labral complex in a cadaver study of 32 shoulder 
joints without signs of advanced osteoarthritis [35]. The 
authors attributed this to increased mechanical stress 
in this area. The enhanced mechanical stress exposure 
could also be a trigger for remodelling of the adjoining 
bony structures of the glenoid and thereby explain the 
age-dependent increase in GDc and GDa demonstrated 
in the presented study. An understanding of the age- 
and osteoarthritis-related changes in GDc and GDa is of 
major importance for the preoperative planning of total 
shoulder arthroplasty in order to avoid malpositioning 
of the glenoid component and the subsequent instabili-
ties/dislocations [16–18]. The original physiological joint 
morphology should be reconstructed in order to achieve 
exact positioning of the glenoid component [15, 16, 36, 
37]. As a conclusion, all bony overgrowths need to be 
resected intraoperatively before positioning the glenoid 
component. The results of the younger patient group pre-
sented in this study can serve as a physiological reference.

The analysis revealed significantly higher measure-
ment results for GDc, GDa and SNL in the male patients 
compared to the female patients. A gender-dependency 
of glenoidal morphology parameters has already been 
reported in other studies. For example, Piponov et al. 
demonstrated a greater glenoid height and diameter in 
coronal view of male patients, by retrospectively ana-
lysing 108 shoulder CT scans [38]. Likewise, higher 
measurement values for glenoid height and width were 
reported by Mathews et al., who examined 18 body 
donors to detect potential sex-specific differences [39]. 
One logical explanation for these results is the greater 
average body height of men in comparison to women [40, 
41]. In contrast, a significantly higher GI was found in the 
female compared to the male shoulder joints. In general, 
there are only a few studies in the current literature that 
compare GI between the genders. However, in a cadaver 
study of 344 scapulae, Churchill et al. found no sex-spe-
cific differences in GI [42]. Further reference studies are 
needed to finally clarify the question whether a gender-
dependency of GI exist. GI is important for shoulder 
stability resurfaced joints. A superior inclination after 
reversed shoulder arthroplasty is a risk factor for joint 
instability [43]. Based on the results of the present study, 
a possible gender dependency of GI should therefore be 
taken into account in the diagnostics of shoulder joint 
instability after joint replacement therapy. To exclude a 
potential bias due to the side of the body, the analyses of 
gender-specificity were also carried out separately for the 
left and right shoulder. The significances were congruent 
with the overall analysis. It is not assumed that there is 
a bias. Furthermore, there not seemed to be a bias due 
to osteoarthritis level of shoulder joint, while the signifi-
cant differences were congruent in the separated analysis 

of patients with a KL score of 0–2, too. Even though the 
analysis of patients with a KL score of 3–4 only yielded 
significant differences for GDc, the small group size 
(n = 15) is considered to be the most likely cause of the 
lack of significant differences in the other parameters, as 
already mentioned. No significant differences were found 
for the GV in any of the analyses. However, a slight ret-
roversion/neutral position of the glenoid was found on 
average in the overall collective. In the current literature, 
there is a wide variation in the reference values given for 
the GV, ranging from retroversion (-16°) to anteversion 
(+ 21°) [44–47]. Based on the results of the present study, 
a neutral position for the GV is recommended both for 
the surgical treatment of instability in case of shoulder 
joint dysplasia in young patients and for the positioning 
of the glenoid component during joint replacement.

In summary, the presented results should be used a 
physiological reference of glenoid morphology of the 
adult shoulder in daily clinical practice and should opti-
mize the diagnostics and therapy of shoulder instability.

A limitation of the study is that there was no com-
parison of the MRI scans with the related x-ray imaging, 
because many of the included patients were only exam-
ined via MRI, but not via x-ray. A comparison between 
the different modalities seems useful. The present study 
could thereby have made an even better comparison 
with the results of other authors. In addition, a compari-
son between measurements from MRI images and CT 
scans would be desirable. Compared to MRI, the CT in 
general is more precise when it comes to assessing bone 
structures. Another important point that needs to be 
mentioned as a limitation of the study results is that the 
analysis of the influencing factors of side, age and gender 
on the morphological parameters ware only carried out 
one-dimensionally. Combined dependencies of, as an 
example, age and gender remain unconsidered.

In summary, the MRIs of 418 patients were analysed 
to define physiological reference values for glenoid mor-
phology in a collective of predominantly healthy shoulder 
joints. The Kellgren/Lawrence Score was used to verify 
presence of a low-grade osteoarthritic population. Mean 
values for GDc, GDa, GI, GV and SNL depending on 
joint side, patient age, gender and degenerative changes 
were presented. Age- and gender-specific significant dif-
ferences were detected. With the exception of GDa, no 
side-specific differences were observed. The results sug-
gest that preoperative planning of reconstruction of the 
physiological glenoid morphology on the healthy oppo-
site side should be considered in everyday clinical prac-
tice. The glenoidal distance parameters (GDc and GDa) 
appear to increase as part of the ageing process due to 
degenerative changes. GDc, GDa and SNL were signifi-
cantly larger in the examined men than in the women, 
which can be explained by the greater average height of 
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men. In contrast, the female shoulders showed a signifi-
cantly higher mean GI. Interestingly, the analysis of the 
GV in the entire collective revealed a slight retroversion 
of the glenoid on average. Even considering that further 
studies are needed to verify the results, they should be 
recognized in the future as a physiological reference for 
the morphology of the adult glenoid in order to improve 
the diagnostics and therapy of shoulder joint instability in 
the native and resurfaced joint.
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