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ABSTRACT

Introduction: The Glenoid Cavity (GC) of scapula has highly variable
morphology. The rim of GC presents a notch in its upper and front
part, because of this glenoid notch, various shapes of GC are
found like pear, oval or inverted comma shaped. For total shoulder
arthroplasty, knowledge of the shape and dimensions of the glenoid
are important in the design and fitting of glenoid component.
Various anatomical parameters of the glenoid like height, width,
articular surface area, inclination, vault size and shape are relevant
for prosthesis design. There is considerable natural variability in
these parameters. Anatomical variations of GC are also important
for understanding the various pathologies involving the shoulder
joints. The present study tries to determine the measurements of
various dimensions of the GC including the variations in its shape
and surface area.

Aim: To obtain the morphometric data and various shapes of the
GC relevant to the central Indian population and to compare the
data obtained from the present study with previous studies.

Materials and Methods: The study was carried out on 150 dry, adult
human scapulae of unknown sex, collected from the museum of
Department of Anatomy, out of which, 67 were of right side and 83 of
left side belonging to central Indian population of unknown sex and

INTRODUCTION

The scapulais a large, flat, triangular bone lying on the posterolateral
aspect of the chest wall, covering parts of second to seventh rib
[1]. Lateral border of the scapula ends superiorly at GC which
articulates with the head of the humerus to form gleno-humeral joint
[2]. The articular surface of GC is pear shaped, its inferior half is
20% larger than the superior half [3]. The GC has highly variable
morphology. The rim of GC presents a notch in its upper and
front part [4]. Because of presence of this glenoid notch, various
shapes of GC are found like pear-shaped, oval or inverted comma
shaped [5,6]. For total shoulder arthroplasty, knowledge of the
shape and dimensions of the glenoid are important in the design
and fitting of glenoid component. Various anatomical parameters
of the glenoid like height, width, articular surface area, inclination,
vault size and shape are relevant for prosthesis design. There is
considerable natural variability in these parameters, and this has
been demonstrated by many cadaveric studies. The prosthesis
design, instrumentation and intraoperative implantation techniques
are affected by this variability [7]. The variations in the shape and
size of GC and attachment of glenoid labrum at the glenoid notch
are important for normal functioning of this most freely movable joint
of the human body. In comma shaped GC, the glenoid labrum is not
firmly attached to the margins of GC. This arrangement simulates a
labraltear, sublabrum foramen or Buford complex during arthroscopy.
The shoulder joint is the most frequently dislocated joint in the body
and dislocations of shoulder joint with fractures of the GC are also
quite common in trauma. An understanding of variations in normal
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age. Morphological evaluation and morphometric measurements
for GC were done in each scapula using digital vernier calliper. The
height and anteroposterior diameter of the GC was measured at
three different levels. Shape of the GC, based on the presence of a
notch on the anterior glenoid rim, was noted as pear, oval or inverted
comma shape.

Results: The mean Superior-inferior (SI) diameter of the GC was
observed as 33.84+3.08 mm on right side and 33.68+2.75 mm
on left side. The mean Anterior Posterior 1 was 23.65+3.47 and
23.60+2.79 on right and left side, respectively. Anterior Posterior 2
was 14.98+2.41 and 14.16+2.23 on right and left side, respectively,
whereas, Anterior Posterior 3 were 19.12+3.59 and 18.44+3.11 on
right and left side, respectively. A 33.3% glenoid cavities were oval
shaped, 50.66% were of pear shape and 16% were of inverted
comma shape.

Conclusion: The present study can be helpful to orthopaedic
surgeons and biomechanical engineers during designing and
fitting the implants for total shoulder arthroplasty. The size of
the GC is known to be variable in different population. Hence,
while designing the glenoid component of the prosthesis; smaller
dimensions of the glenoid cavities in Indian population should
be considered.

anatomy of GC is essential while evaluating pathological conditions
like osseous Bankart lesion and osteochondral defects [7,8]. A
proper understanding of the anatomic and prosthetic variables
involved with glenoid replacement allows shoulder surgeons to
provide their patients the best opportunity for a positive outcome
after Total Shoulder Arthoplasty (TSA). Similarly the knowledge
of the normal GC morphometry is of great significance to sports
medical professionals and its anthropometry cannot be overlooked
by anatomist and medicolegal forensic experts. The restoration
of normal anatomy is the goal in orthopaedic surgery [9]. The
purpose of the present study was to obtain the morphometric
data and various shapes of the GC relevant to better understand
the biomechanics of the reconstructed glenohumeral joint and
and to identify the factors that contribute to glenoid component
loosening and ongoing variations, variations in component design
and fixation, the mechanisms of glenoid loosening, the outcomes of
revision surgery in the treatment of glenoid component failure, and
alternative treatments for younger patients among the central Indian
population and to compare the data obtained from the present
study with previous studies.

MATERIALS AND METHODS

An observational cross-sectional (morphological) study was conducted
in the Department of Anatomy, Government Medical College, Nagpur,
India. The study was done through the year from January to December
2019 after taking the ethical clearence from the Instutional Ethics
Committee (No.229/EC/Pharmac/GMC/NGP/).
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Inclusion and Exclusion criteria: The present study included
150 adult dry scapulae which were available in the museum of
Department of Anatomy, collected by convenience sampling. Out
of these, 67 belonged to right side and 83 to left side belonging to
central Indian population of unknown sex and age. Broken, damaged
or scapulae showing degenerative changes were excluded from
the study.

Morphological evaluation and morphometric measurements of GC
were done in each scapula. All linear measurements (in millimeters)
were ascertained by using digital vernier calliper (accuracy 0.01 mm)
[Table/Fig-1-5]. The following parameters were studied:

[Table/Fig-1]: Pear shaped Glenoid Cavity (GC). [Table/Fig-2]: Inverted comma
shaped Glenoid Cavity (GC). (Images from the left to right)

[Table/Fig-3]: Oval shaped Glenoid Cavity (GC).
[Table/Fig-4]: Diagram showing the various parameters of the Glenoid Cavity (GC).
Sl: Superior-inferior diameter; AP: Antero-posterior diameter (Images from the left to right)

[Table/Fig-5]: Superior-inferior (SI) diameter using vernier calliper.
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Superior-inferior glenoid diameter (Sl): It is described as the maximum
distance from the inferior point on the glenoid margin to the most
prominent point of the supra-glenoid tubercle [10].

Anterior-posterior glenoid diameter (AP): The width of the glenoid
was measured at three different levels. Anteroposterior diameter
(AP1) was measured as the maximum breadth perpendicular to the
height of glenoid in the lower half. Anteroposterior diameter (AP2)
was measured as breadth of upper half of the GC midway between
superior margin and midequater. The diameter at the level of the peak
of the glenoid notch, when present, was also measured (AP3) [10].

Shape of the Glenoid Cavity (GC): It was noted whether the GC
was inverted comma shaped, oval or pear shaped [10].

STATISTICAL ANALYSIS

The mean, standard deviation, range and asymmetry in bilateral
parameters were calculated using Graphpad prism software for the
data. The p-values <0.05 were considered significant.

RESULTS

The measurements of the GC were taken in total of 150 scapulae,
of which 67 were of right side and 83 of left side as shown in [Table/
Fig-6]. The SI diameter of the GC ranged between 27.47-41.20 mm
on the right side and between 27.5-39.58 mm on the left side. It
was observed that the AP1 glenoid diameter of the right side ranged
between 14.78-30.65 mm and that of left side ranged between
15.45-29.02 mm. The AP2 glenoid diameter of right and left side
ranged between 10.22-19.34 mm and 10.66-19.45 mm. It was
observed that the AP3 glenoid diameter of the right side ranged
between 13.38-30.02 mm and on left side it was 12.54-25.33 mm.

Range (in mm) Mean=Std. Dev p-value
Right Left
Parameter (n=67) (n=83) Right Left Right Left
. 27.47- | 27.45-
Sl diameter 41.20 39.58 33.84+3.08 | 33.68+2.75 | 0.9375 | 0.7957
14.78- 15.45-
AP1 30.65 29.02 23.65+£3.47 | 23.60+2.79 | 0.1600 | 0.5267
10.22- 10.66-
AP2 19.34 19.45 14.98+2.41 | 14.16+£2.23 | 0.0151 | 0.0143
13.38- 12.54-
AP3 30.02 2533 19.12+3.59 | 18.44+3.11 | 0.0551 | 0.0797

[Table/Fig-6]: Comparison of measurements of right and left Glenoid Cavity (GC).

The shape of the GC was observed, out of the 67 scapulae of the
right side, 20 (31.74%) were oval shaped, 34 (53.96%) were pear
shaped and 13 (20.63%) had inverted comma shaped GC. Out of
the 83 scapulae of the left side, 30 (34.48%) were oval shaped,
42 (48.27%) were pear shaped and 11 (12.64%) had inverted
comma shaped GC as shown in [Table/Fig-7].

Incidence of shape (percentage)
Shape of glenoid cavity Right Left
Oval 20 (29.85) 30 (36.14)
Pear 34 (50.74) 42 (50.60)
Inverted comma 13 (19.40) 11 (138.25)

[Table/Fig-7]: Comparison of shapes of right and left Glenoid Cavity (GC).

DISCUSSION

An accurate knowledge of normal and variational anatomy of the
scapula is of great importance, in order to avoid complications when
procedures are performed via open, arthroscopic, or arthroscopically
assisted method adjoining shoulder region as well as for obtaining
precise congruency of the glenohumeral joint after total shoulder
arthroplasty [2,3,6]. It has already been studied by many authors and
was also performed in various ways including direct measurements
of dry scapula, direct measurements of fresh or embalmed cadavers,
radiographic measurements of scapula or radiographic measurements
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Sh f glenoid it
No. of apsiolglenolcicavity Mean S| diameter AP1 diameter AP2 diameter AP3 diameter

Author Year | specimen Pear Oval Inverted-comma (mm) (mm) (mm) (mm)

Rt. 98 46 20 34 33.67+2.82 23.35+2.04 16.27+2.01
Mamatha T et al., [13] 2011 -

Lt 104 43 24 33 33.92+2.87 23.05+2.30 15.77+1.96

Rt 43 49 16 35 34.76+3.0 23.31+3.0 16.10+2.54 16.2+£3.23
Rajput HB et al., [14] 2012

Lt 57 46 15 39 34.43+3.21 22.92+2.80 13.83+2.45 15.24+2.04

Rt 62 54.83 32.25 12 35.03+5.25 24.17+2.57 14.56+2.03 17.72+1.89
Gosavi SN et al., [16] 2014

Lt 80 45 43.75 1.2 35.3+3.41 23.9+2.66 14.6+1.85 16.82+2.18

Rt 50 56 20 24 35.22+3.26 23.95+2.78 16.16+2.38
Sarwar MS et al., [17] 2015

Lt 50 64 16 20 34.53+3.21 23.64+2.37 15.34+2.17
Wael Amin el din and Rt 80 35 48.75 16.25 38.88+2.63 21.33+2.06 28.31+2.38

2015

Mona Hassan MA [18] Lt 80 275 52.50 20 39.01+ 2.49 21.69+2.06 27.99+2.55

Rt 100 51 19 30 35.94+ 2.30 24.37+2.34 16.62+2.82
Tiwari V et al., [19] 2018

Lt 106 49.04 19.82 31.14 35.68+2.14 24.20+2.28 16.14+2.84

Rt 67 34 20 13 33.84+3.08 23.65+3.47 14.98+2.41 19.12+£3.59
Present study 2020

Lt 83 42 30 11 33.68+2.75 23.60+2.79 14.16+2.23 18.44+3.11

[Table/Fig-8]: Comparison of parameters of glenoid in various studies [13,14,16-19].

in living patients. The present study has been correlated with the other
studies for any similarity or difference.

Recently, Poppen NK and Walker PS, emphasised that abnormal
morphology of the glenoid is associated with severe full thickness
tears [12]. There is significant difference in the size in different
parts of the world as shown in [Table/Fig-3]. The length of GC is
an important factor which should be appropriately matched with
the size of prosthesis during total shoulder arthroplasty in order
to achieve full congruency [2,7,11,12]. Previous studies done on
matched cadaveric pairs showed that only a little variance exists
between men and women, but the differences between races are
considerable [6].

The present study was performed on dry adult human scapulae and
after taking the morphometric parameters of the GC, the results
were compared with the results of the other studies [Table/Fig-8]
[13-19]. Present findings indicate that the most common glenoid
type is pear shaped while the least one is inverted comma shaped.
These results are in symmetry with Mamatha T et al., Rajput HB et
al., and Sarwar MS et al., which also showed that most common
glenoid is pear shaped [13,14,17]. Coskun N et al., reported oval
shaped glenoid to be more common (72%) in Turkish population [2]
while Gamal Hamed ESH, found inverted comma shaped glenoid
in 30.88% of Egyptians [20]. They explained that in the area of the
glenoid notch, the labrum is not fixed to bony margins of GC but
bridges the notch itself. Such an attachment of glenoid labrum
makes the shoulder joint less resistant to dislocating forces, tear
and avulsions. This means one third of Egyptian population were
prone to the Bankart lesion [20]. In the present study, the average SI
diameter of the right glenoid was 33.84+3.08 mm and the average
SI diameter of the left glenoid was 33.68+2.75 mm. Although the
right glenoid SI diameter was slightly more than the left, it was not
statistically significant. Mamatha T et al., and Rajput HB et al., also
measured the S| diameter of right and left side separately [13,14]
and the present readings were nearest to the readings of Mamatha
T et al.,, [13]. In present study, mean AP1 of the glenoid was also
close to the results of Mamatha T et al., Rajput HB et al., Gosavi
SN et al.,, and Sarwar MS et al., [13,14,16,17]. Wael Amin NED
and Mona Hassan MA, reported lower [18] and Kavitha P et al.,
and Tiwari V et al., found higher values as compared to the present
study [15,19]. The AP2 diameter coincided with the study of Gosavi
SN et al., [16]. These values of present study are less than Mamatha
T et al,, Rajput HB et al., Kavitha P et al., Sarwar MS et al., Wael
Amin NED and Mona Hassan MA, and Tiwari V et al., [13-15,17-
19]. The AP3 diameter in the present study was higher than Rajput
HB et al., and Gosavi SN et al., [14,16]. Mamatha T et al., stated
that, there was no priority of the side for the glenoid notch, so that

20 ]

an influence of handedness on the shaping of the GC is unlikely
[13]. Akhtar MJ et al., observed that, in south India, 16.5% of type
2 diabetes mellitus patients suffered from frozen shoulder, 5.48%
from periathritis of the shoulder joint and 3.55% from rotator cuff
injury [21]. An increase in the aging population accompanied by an
increase in the incidence of type 2 diabetes mellitus indicates that
arthritic disease of the shoulder may become more common in the
near future [10]. It has also been observed that, the shoulder is the
third most common large joint to require surgical reconstruction,
after the knee and hip [12]. Shewale SN et al., found that prosthesis
required for female patients should be of smaller size than that for
male patients and further these values can also help in determination
of gender from scapulae of unknown deceased residuals particularly
in medico legal cases [22]. The study of Yadav Y et al., and Singh
A et al., also found same findings and were helpful to understand
the shoulder pathology better [23,24]. On comparing data of
the present study with that obtained by several authors, several
differences as well as similarities in the measurements of scapula
and GC were observed. This may be due to population variation
and measurement techniques.

Limitation(s)

In the present study, variations of GC with respect to age and sex
have not been studied. Another limitation includes its small sample
size. Further morphological studies with large sample size can be
done for evaluating different variations of GC.

CONCLUSION(S)

The knowledge about the different shapes and dimensions of GC
could be useful during evaluation and management of defects and
lesions of glenoid. The present study may be helpful for biomechanical
engineers and orthopaedic surgeons during designing and fitting
the implants for total shoulder arthroplasty. Size of the GC is known
to be variable in different populations. Hence, while designing the
glenoid component of the prosthesis; the smaller dimensions of
the glenoid cavities in Indian population should be considered. The
present study concludes that the shape and size of GC do not only
vary in races but also in same population. Hence, this information is
valuable for the surgeons during operations around shoulder joint.
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