
Introduction
The shoulder joint is the most mobile joint in the body.
This movement is mainly due to the anatomy of the
humerus head and the glenoid. The glenohumeral joint
is the most frequently dislocated joint.[1] Anterior dislo-
cation is most commonly observed, and there is a high
risk of recurrence.[2] The shoulder has a tendency to dis-
locate after trauma, experienced generally in abduction
and external rotation positions. The recurring disloca-
tion rates reduce after arthroscopic treatment, but this
situation is still a problem.[2] Maintenance of the gleno-
humeral joint association is linked to the dynamic and
static stabilizers of the shoulder. The roles of capsulo-
ligamentous structures and dynamic muscle balance in
shoulder stability is well-defined in the literature.[3]

However, there are very few studies on the importance
of glenopolar angle (GPA).

GPA is the angle formed by the intersection of the line
joining the most caudal and most cranial points of the gle-
noid cavity and the line joining the most cranial point of
the glenoid cavity to the most caudal point of the scapula

body.[4,5] GPA is normally used to measure rotational
sequence disorders of the glenoid in scapula fractures on
anteroposterior radiographs.[6] In this study, GPA was
investigated on direct radiographs of anterior shoulder dis-
location cases for the first time with an aim to assess the
glenoid with GPA measurements in cases with anterior
shoulder dislocation. 

Materials and Methods
The study included a total of 140 adult patients admitted
to Department of Orthopaedics and Traumatology,
School of Medicine, Cumhuriyet University from 2013
to 2015. 70 patients were with anterior shoulder disloca-
tion, and the remaining 70 had shoulder pain, but no dis-
location or any other shoulder pathology during exami-
nations. Patient information was retrospectively investi-
gated. The age, side, gender and demographic informa-
tion of patients were noted.

The same senior orthopedic surgeon and the same res-
ident examined all AP shoulder radiographs. Radiographs
of Group 1 patients were taken after reduction of shoulder
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dislocation. Patients with true shoulder AP view were
included in the evaluation, and radiographs of bad posi-
tioning and rotation were excluded from the study.
Additionally, patients with insufficient file information
were excluded. Group 1 comprised 60 and Group 2 com-
prised 42 cases for GPA measurements (Table 1). GPA
measurements were made using the hospital PACS system
(Medipacs® v3.8.5.1). In the system, the angle between the
line from the most caudal to the most cranial points of the
glenoid cavity and the line from the most cranial point of
the glenoid cavity to the most caudal point of the scapula
body were calculated on true AP shoulder radiographs
(Figure 1).

The study was approved by the ethics committee of
the School of Medicine of Cumhuriyet University.
Analysis of data was made using the Statistical Package for
Social Sciences (SPSS for Windows, version 22.0,
Armonk, NY, USA). Data were given as percentage, fre-
quency and the mean. The normality test of the GPA data
was examined using the Kolmogorov-Smirnov test. The
distribution of the variable was calculated to be normal
(p=0.2). Mean differences of GPA values were examined
by Student’s t-test. The mean difference between groups
was investigated using Mann-Whitney U test. The nor-
mality test for age was not appropriate (p=0.007).

Results
The results from a total of 102 patients were assessed. The
mean age of 60 patients in Group 1 was 45.68 years (min:
18, max: 85). The mean age of 42 patients in Group 2 was
47.57 years (min: 18, max: 83). There was no significant
difference between age groups (p=0.754). The mean fol-
low-up duration for Group 1 patients was 23.46 months.
Six patients had accompanying shoulder injuries, including
three patients with rotator cuff injury, two patients with

Figure 1. (a) Glenopolar angle (GPA) measurement of the angle between the line joining the most caudal and most cranial points of the glenoid
cavity and the line from the most cranial point of the glenoid cavity to the most caudal point of the scapula body in a Group 2 patient; (b) GPA
measurement in a Group 1 patient.

a b

Category n %

Groups Group 1 60 58.8

Group 2 42 41.2

Side Right 55 53.9

Left 47 46.1

Gender Male 56 54.9

Female 46 45.1

Accompanying shoulder injury No 54 90

Yes 6 10

Table 1
The distribution of groups, gender, sides and accompanying 

shoulder injuries. 
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fracture of the greater tubercle of the humerus, and one
patient with proximal humerus fracture. These injuries did
not involve the glenoid and, therefore, these six patients
were not excluded from the study.

The distribution of gender for patients was 34 males
and 26 females in Group 1, and 22 males and 20 females in
Group 2. Table 1 shows the distribution of groups, age
and sides.

The comparison of GPA by groups, gender and sides is
shown in Table 2. The GPA in Group 1 was measured
32.31±2.01, while it was 34.5±2.32 in Group 2 (p<0.001)
(Figure 2). There was no significant difference between
males and females (p>0.05). 

Discussion 
The most important finding in this study was that the
GPA of patients with anterior shoulder dislocation was
significantly low. To our knowledge, this is the first study
to investigate the change in GPA with direct radiography
in dislocation cases. Glenoid alignment should be consid-
ered in anterior shoulder dislocation cases. Previous stud-
ies reported glenoid corrective osteotomy was superior to
conservative treatment for patients with posterior instabil-
ity.[7] There is no data on the benefit of corrective osteoto-
my for anterior stability in the literature. However, there
are studies showing a correlation between success rate of
prosthesis and stability with the position of the glenoid
component in total shoulder prosthesis.[8] A study compris-
ing 128 patients with anterior shoulder instability and a
control group of 130 cases investigated the glenoid version
and inclination. They concluded that glenoid alignment
was a risk factor for anterior shoulder instability and
emphasized that care must be taken related to this for
recurrent instability treatment.[9] These studies empha-
sized the effect of glenoid anatomy on shoulder stability.
According to our results, GPA measurements on direct
radiographs of anterior shoulder dislocation cases will pro-
vide rapid information for assessment of glenoid anatomy
to orthopedists.

GPA was first described by Bestard et al.,[4] The use of
this angle to assess scapula neck fractures.[10] and later
gained popularity as a surgical treatment criterion for
scapula neck and body fractures.[11,12]

There is no consensus for the optimal radiological
technique to measure GPA or the standard values of GPA
in the literature.[13] GPA can be measured directly on
cadaver specimens, 3D scapula reconstructions, Neer view
X-ray images, AP shoulder or AP chest radiographs.[13] In
this study, GPA measurement was performed on true
(Grashey) AP shoulder radiographs. In the literature,
there are studies with measurements made on different

imaging views.[14,15] The GPA angle value changes depend-
ing on the measurement method. Of these, 3D CT recon-
struction, Neer 1 images and cadaver bone specimens pro-
vide similar results. AP shoulder and chest radiographs
provide lower values compared to these measurements.[14]

There are other studies in the literature that assessed
glenoid anatomy. For example, Peter et al.[16] investigated
the correlation between glenoid inclination and rotator
cuff tears.[16] Gregory et al.[17] investigated the correlation
between greater tuberosity angle and rotator cuff tears.
Maximilian et al.[18] emphasized the importance of glenoid
morphology in instability arthropathy. The above studies
emphasize the importance of glenoid anatomy similar to
our study. Additionally, an advantage of our study is that
information on the glenoid was obtained with GPA meas-
urements on direct radiographs, without advanced tests
like MR or 3D CT. A difference of 2.5° was observed
between the groups (Figure 2). This was statistically sig-
nificant (p>0.05). GPA can easily be evaluated with X-ray

Figure 2. Box plot chart showing the means of GPAs. 

Category n Mean±SD p-value

Groups Group 1 60 32.31±2.01
<0.001

Group 2 42 34.5±2.32

Side Right 55 33.21±2.37
0.996

Left 47 33.21±2.44

Gender Male 56 33.15±2.17
0.769

Female 46 33.29±2.65

Table 2
The comparison of GPA (mean±SD) by groups, gender and sides 

using Student’s t-test. 
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in cases of shoulder dislocation. The clinical significance
of low GPA is that, this can give the orthopedic surgeon a
quick idea about the glenoid.

This study has some limitations. Control group radi-
ographs were chosen from patients admitted to the gener-
al orthopedic clinic with shoulder pain. This sample may
not be representative of the normal healthy population
and may potentially be biased. However, only those with
no pathology identified on radiography or examination
were included in the control group. Although the GPA
was significantly different between the groups, it is diffi-
cult to definitively determine whether our findings are
clinically significant or not, because other factors may
affect the risk of dislocation. Risk factors for patients with
glenohumeral instability were described previously.[19]

GPA measurements provide information about the non-
modifiable risk factor of glenoid morphology. 

Conclusion
The GPA of patients with anterior shoulder dislocation
was significantly low compared to the control group,
showing an anatomical difference for cases with anterior
shoulder dislocation. Should be considered in the assess-
ment and management of these cases. 
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