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ABSTRACT

Objective: This study aimed to evaluate the bone anatomy and morphometry of the scapula
and to contribute to arthroscopic and surgical interventions for scapular or shoulder disorders.

Materials and Methods: Fifty dry scapula bones, used for educational purposes at Erciyes
University Faculty of Medicine, Department of Anatomy, were included in the study.
A digital caliper (Rico brand) with a precision of 0.1 mm was used for measurements.
Statistical analysis of the data was conducted using the Statistical Package for the Social
Sciences (SPSS) Statistics 24.0 program. Minimum and maximum values, as well as mean
and standard deviation, were calculated for each measurement parameter.

Results: The following measurements were obtained: maximum scapula length, 141.2+13.4
mm; outer edge length, 122.6+11.1 mm; scapula width, 95.1£8.1 mm; spina scapula length,
128.0+£10.7 mm; base length, 78.2+7.2 mm; acromion length, 43.2+7.1 mm; acromion
width, 27.5£5.9 mm. The coracoacromial distance, which is a contributing factor in shoulder
impingement syndrome, measured 36.6+6.7 mm. The distance between the acromion and the
cavitas glenoidalis was measured at 27.6+5.1 mm. The anteroposterior diameter of the cavitas
glenoidalis was 24.5+3 mm, and the maximum superior-inferior diameter was 34.9£3.3 mm.
The depth of the cavitas glenoidalis was 4.5+2 mm, with a surface area of 631+139.053 mm?.
The distance between the processus coracoideus and the cavitas glenoidalis was 24.3+3.6
mm, and the length of the processus coracoideus was found to be 41.1+4.2 mm. The acromion
shapes of the scapulae included in the study were classified as flat in 14 cases (28%), curved in
27 cases (54%), and hooked in nine cases (18%).

Conclusion: This study identified both similarities and differences in the measurement results.
Keywords: Acromion, impingement, morphometry, scapula, variation.

INTRODUCTION

The scapula, commonly known as the shoulder blade, is a triangular bone located on the posterior-
outer side of the thorax between the second and seventh ribs. It has three margins (medial, lateral,
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and superior), three angles (superior, inferior, and lateral),
and two surfaces (costal and posterior).! In addition to the
bone’s surface, angles, and margins, the three protrusions—
the spinous process, acromion, and coracoid process—are
also important attachment points for many muscles and
ligaments. Clinical conditions affecting these structures
may impair the biomechanics of the upper extremity.? The
scapula, attached to the rib cage by muscles and membranes,
contributes to the structure of complex joints such as the
shoulder joint (glenohumeral joint), which has a wide range
of motion." Developmental anomalies, fractures, dislocations,
arthritis, and tumors are common clinical conditions involving
the shoulder joint and scapula. Understanding the detailed
bone anatomy of the scapula is important for surgical or
arthroscopic interventions involving the shoulder or scapula,
such as total shoulder prosthesis (for prosthesis positioning),
open reduction, and internal fixation in fractures related to
these pathological conditions.>* Additionally, knowledge of
the morphometric features of the acromion, glenoid cavity,
and coracoid process, and the subacromial space formed by
these structures, is crucial for understanding the etiology
of shoulder pain caused by rotator cuff compression.>* The
acromion, due to its relationship with the humeral head, is
the most studied protrusion on the scapula as it is associated
with various pathological conditions.> Most studies focus on
the shape of the acromion, and two classification methods are
commonly used. The first method, described by Edelson and
Taitz,® categorizes acromion types based on the superior view:
cobra (Type 1), square (Type ll), and intermediate type (Type
Ill). The second classification, based on the inferior view and
inclination of the acromion, was described by Bigliani et al.”
and further developed by Kosar et al.,® categorizing acromion
types as Type | (flat inferior surface), Type Il (curved inferior
surface), and Type Il (hooked inferior surface). However, the
classification by Bigliani” is more widely accepted. In a study
using magnetic resonance imaging (MRI) in 1995, Vanarthos
et al? identified a fourth type of acromion, Type IV, which
features a convex inferior surface, in addition to the three
types previously described by Bigliani,” Vanathros, and
Monu.® Understanding the types and frequency of acromion
variations is important due to their association with shoulder
pain symptoms.’® Consequently, morphometric studies in this
field are crucial in the diagnostic and treatment phases.””"' The
aim of this study is to contribute to arthroscopic interventions
and surgical treatments for scapular or shoulder disorders by
providing detailed measurements of the scapula.

MATERIALS AND METHODS

This study included 50 healthy scapulae selected from a total
of 76 dry scapula bones of unknown gender and age, used
for educational purposes in the bone archives of the Anatomy
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KEY MESSAGES

+ Understanding the detailed anatomy and morphom-
etry of the scapula is essential for guiding surgical
procedures, prosthesis placement, and arthroscopic
interventions.

+ The depth and surface area of the glenoid fossa are
crucial for selecting and positioning the appropriate
prosthesis size in shoulder arthroplasty.

+ Evaluating acromion types that predispose to sub-
acromial impingement syndrome and rotator cuff
tears is important.

Department at the Erciyes University Faculty of Medicine
between May 1-30, 2017. Scapulae that were excessively
damaged, broken, or fragmented were excluded from the study.

Adigital caliper (Rico brand) with a precision of 0.1 mm was used
for measurements. The measurement parameters and reference
ranges were based on the studies by Von Schroeder et al.?
Ohl et al.'" and Kabakgi et al.’> Measurement parameters were
categorized into five main groups: general measurements, spine
of scapula measurements, acromion measurements, glenoid
cavity measurements, and coracoid process measurements. A
total of 15 measurements were made, and statistical analyses
were conducted using the SPSS 24.0 program. The arithmetic
mean, standard deviation (SD), and minimum-maximum values
for all measurements were calculated.

General Measurements: Taken from the dorsal surface of the
scapula (Fig. 1a).

G1:Scapula maximum length (the distance between the
center of the superior angle and the lowest point of the
inferior angle).

G2:Scapula outer border length (the distance between the
inferior angle of the scapula and the inferior margin of the
glenoid cavity).

G3:Scapula width (the distance between the attachment point
of the spine of the scapula to the medial margin and the
center of the posterior margin of the glenoid cavity).

Spine of Scapula Measurements:

S1:Spine of scapula length (the distance between the
attachment point at the medial margin and the lateral
margin of the acromion).

S2:Spine of scapula base length (the distance between the
starting point of the spine of the scapula at the medial
margin and the point where it is unattached to the dorsal
surface) (Fig. 1b).
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Figure 1. (a) Posterior view of the scapula (dorsal surface),
showing general measurement. (b) Posterior view of
the scapula (dorsal surface), showing spine of scapula
measurement (S1, S2) parameters.

(G1, G2, G3) parameters. G1: Scapula maximum length. G2: Scapula outer

border length. G3: Scapula width. S1: Spine of scapula length. S2: Spine of
scapula base length.

Acromion Measurements:

2a: Acromion length (anteroposterior maximum length of the
acromion).

2b: Acromion width (the distance between the inner end of
the clavicular facet and the outer margin of the acromion).

2c: Coracoacromial distance (the distance between the
midpoint of the end of the acromion and the end of the
coracoid process).

2d:Distance between the acromion and glenoid cavity (the
distance between the tip of the acromion and the posterior
margin of the glenoid cavity) (Fig. 2).

Glenoid Cavity Measurements:

3a: Glenoid cavity anteroposterior diameter.

3b:Glenoid cavity maximum superior-inferior diameter
(the distance between the most prominent point of the
supraglenoid tubercle and the inferior margin of the
glenoid cavity).

3c: Glenoid cavity depth (the length of a line drawn between
the highest and lowest points of the long axis of the
glenoid cavity and a line drawn at 90 degrees from the
deepest point of the glenoid cavity to this line).

3d:Surface area of the glenoid cavity (50 dry scapula bones
were photographed with a Nikon E5700 camera, and the
Image J program was used for area measurements (https://
imagej.nih.gov/ij/downland html).

Surface Area Measurement Stages: A transparent ruler
was placed on the glenoid cavity, and a photo was taken.

Figure 2. Posterior view of the scapula (dorsal surface)
showing acromion measurement (2a, 2b, 2¢, 2d) parameters.

2a: Acromion length. 2b: Acromion width. 2c: Coracoacromial distance. 2d:
Distance between acromion and glenoid cavity.

The images obtained were transferred to a computer, and
calibration was adjusted between the original image and the
photo to ensure accurate measurements. The photo intended
for calibration was opened with the Image) program. In the
photo, an original 10 mm distance on millimeter paper was
measured using the Straight Line tool. Appropriate calibration
was then applied through the Analyze > Set Scale > Known
Distance menu in the ImageJ program. The calibration result
was determined manually with the Wand Tool feature of
ImageJ, and the results were obtained in millimeters (Fig. 3).

Coracoid Process Measurements:

4a: Distance between the coracoid process and glenoid cavity
(the distance between the end of the coracoid process and
the supraglenoid tubercle).

4b:Coracoid process length (the distance between the
suprascapular notch and the end of the coracoid process)
(Fig. 4).
Acromion Types: In the visual morphological classification
of the scapula, the acromion is categorized into three types
based on the inclination of the inferior surface, as described
by Bigliani et al.” and stated by Kosar et al:® Type | (flat inferior
surface), Type Il (curved inferior surface), and Type Il (hooked
inferior surface) (Fig. 5a-c). However, the classification by
Bigliani” is more widely accepted. In a study using MRl in 1995,
Vanathros and Monu® described a fourth type of acromion,
Type IV, with a convex inferior surface, in addition to the three
different types previously defined by Bigliani.” The acromions
of the scapulae included in this study were evaluated based
on the inclination of the inferior surface.
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Figure 3. Lateral view of the scapula, showing glenoid
cavity measurement (33, 3b, 3¢, 3d) parameters.

3a: Glenoid cavity anteroposterior diameter. 3b: Glenoid cavity maximum
superior-inferior diameter. 3c: Glenoid cavity depth. 3d: Glenoid cavity
surface area.

Statistical Analysis

The data obtained were analyzed statistically. The conformity
of the data to a normal distribution was assessed using the
Shapiro-Wilk test. Statistical analysis of the data was conducted
using the Statistical Package for the Social Sciences (SPSS)
Statistics 24.0 program. Minimum and maximum values, as
well as the mean and standard deviation, were calculated for
each measurement parameter.

RESULTS

The arithmetic mean, standard deviation, and minimum-
maximum values of the scapula measurement parameters are
presented in Table 1.

The measurement parameters and arithmetic means of the
general measurements of the scapula, expressed as G1, G2,
and G3, were found to be:

«  Maximum length of the scapula: 141.2+13.4 mm (Fig. 1a, G1);
« Scapula outer border length: 122.6+11.1 mm (Fig. 1a, G2);
+ Scapula width: 95.1+8.1 mm (Fig. 1a, G3).

The measurement parameters and arithmetic means of the
spine of the scapula were as follows:

« Spine of scapula length: 128.0+10.7 mm (Fig. 1b, S1);
« Spine of scapula base length: 78.2+7.2 mm (Fig. 1b, S2).
The acromion measurements were as follows:
Acromion length: 43.2+7.1 mm (Fig. 2a);
Acromion width: 27.5£5.9 mm (Fig. 2b);
« Coracoacromial distance 36.6+6.7 mm (Fig. 2¢);

Distance between the acromion and glenoid cavity 27.6+5.1
mm (Fig. 2d).
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Figure 4. Coracoid process parameters (4a, 4b).

4a: Distance between coracoid process and glenoid cavity. 4b: Coracoid
process length.

The glenoid cavity measurements were as follows:

+ Glenoid cavity anteroposterior diameter: 24.5+3 mm
(Fig. 3a);

+ Glenoid cavity maximum superior-inferior diameter:
34.9+3.3 mm (Fig. 3b);

« Glenoid cavity depth: 4.5+2 mm (Fig. 3¢);

+ Surface area of the glenoid cavity: 631+139.053 mm?
(Fig. 3d).

The measurements for the coracoid process were as follows:

- Distance between the coracoid process and glenoid cavity:
24.3+3.6 mm (Fig. 4a);

« Coracoid process length: 41.046+4.2 mm (Fig. 4b, Table 1).

Results of Acromion Types: The acromion of 50 scapulae
included in the study was evaluated in three groups based on
inferior surface inclination (Fig. 5a-c). When examining the
inferior views of the acromion in these 50 scapulae, 14 (28%)
were found to have a flat surface, 27 (54%) a curved surface,
and nine (18%) a hooked inferior surface (Table 2).

DISCUSSION

Understanding the anatomy of the scapula is crucial during
the preoperative period. However, identifying the borders of
certain bones can be challenging; statistical approaches based
on subject-specific parametric models are used to address
this issue." Numerous studies on scapula morphometry and
acromion types have been published, employing various
methods, including computed tomography (CT),">™ MRI,™
3D analysis,” and dry bones.>''>-"7 |n the present study, dry
scapula bones used for educational purposes in anatomy
laboratories were measured, focusing on the dimensions of
basic structures, and acromion types were evaluated.
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Figure 5. Acromion types detected in the study (a-c).

5A: Type I: flat inferior surface. 5B: Type II: curved inferior surface. 5C: Type llI: hooked inferior surface.

Table 1. Morphometric measurements of the scapula (mm)
(n=50)

Parameter MeanzSD Min-Max
G1 141.20+13.40 112.40-174.30
G2 122.60+11.10 94.70-156.50
G3 95.10+8.10 76.60-112.00
S1 128.04+£10.70 97.70-150.00
S2 78.02+7.20 63.10-94.90
2a 43.20+7.10 22.00-60.00
2b 27.50+5.90 18.10-45.20
2c 36.60+6.70 21.20-51.20
2d 27.60£5.10 16.40-39.30
3a 24.50+3.00 17.30-29.90
3b 34.90+3.30 27.50-40.00
3c 4.50+2.00 1.75-9.00
3d 631.00+139.05 266.05-1089.50
4a 24.30+3.60 18.80-31.80
4b 41.05+4.20 32.90-48.60

Arithmetic mean, standard deviation, minimum, and maximum values of
morphometric measurements (n=50).

Three measurements were made in our study regarding the
general structure of the scapula (G1, G2, G3). Scapula length and
scapula width, known to be among parameters used in gender
determination, were shown as G1 and G3 in our study.™

The mean maximum scapula length (G1) was found to be
141.2 mm (min: 112.4 mm, max: 174.3 mm) in our study. In
the literature, mean scapula length measurements have been
reported as 14.08 cm, 141.5 mm, 155 mm, 141 mm, 147 mm,

Table 2. Acromion types according to inclination (n=50)

Acromion inclination n %
5a. Type | (flat) 14 28
5b. Type Il (curved) 27 54
5c. Type lll (hooked) 9 18

160.4 mm in men, 140.1 mm in women, and 153.9 mm in other
studies.z*>'-131618 Similarities and differences are evident when
comparing these studies.

The mean scapula outer border length (G2) was found to be
122.6+£11 mm (min: 94.7 mm, max: 156.5 mm) in our study.
Polguj et al.” reported this distance as 137.9 mm (min: 120.1
mm, max: 153 mm).We believe that the difference between our
results and those of Polguj et al.” are due to racial differences
or measurement techniques.

The mean result for the G2 measurement was reported as
126.2 mm by Taser and Basaloglu,?and as 122.5 mm by KabakgI
et al.”? We believe that the similarity between these results and
those of our study is due to the fact that the scapulae studied
belong to the same population.

The mean scapula width (G3) was found to be 95.1+8.1 mm
(min: 76.6 mm, max: 112.0 mm) in our study. In the literature,
mean scapula width has been reported as 90 mm in women,
and as 102 mm, 96.7 mm, 102.2 mm, 103 mm, 105 mm, 109.6
mm, and 98.5 mm in men.>'"-13161820 The value closest to ours,
96.7 mm, was reported by Taser and Basaloglu.2 While some
of the other values are lower than ours, others are higher.
When studies in the literature are taken into consideration, it is
observed that these measurements differ from data presented
in studies conducted in some populations. This suggests that
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scapula morphometric measurements vary across different
races. These differences may be due to factors such as age,
gender, and race.

The mean spine of scapula length (S1) was found to be 128
mm in our study. In the literature, mean S1 measurements
have been reported as 124 mm in women and as 140 mm, 133
mm, 128.7 mm, 134 mm, and 141.5 mm in men.?318-20

The mean spine of scapula base length (52) was found to be 78.2
mm in our study. Previous studies report this measurement as
69 mm in women and as 74 mm and 78.4 mm in men.2%®

Differences can be observed when comparing our study’s
data with those in other studies, and when measurement
reference ranges are considered, these differences are
considered normal.

Four measurements were conducted for the acromion, which
plays a role in shoulder impingement syndrome, following the
parameters used by Kosar et al.,® specifically acromion length
(2a), acromion width (2b), coracoacromial distance (2c), and
distance between the acromion and glenoid cavity (2d).

In the literature, mean acromion length measurements have
been reported as 48 mm, 46.7 mm, 47.5 mm, 47 mm, 43.4 mm,
and 46.6 mm in the right scapula; 45.5 mm in the left scapula;
44.52 mm in the right scapula; 45.13 mm in the left scapula;
and 36.21 mmJ3811182122 |n our study, the mean acromion
length (2a) was measured as 43.2 mm.

The mean acromion width (2b) was measured as 27.5£5.9 mm
in our study. In the literature, mean acromion length has been
reported as 26.63 mm in the right scapula and 27.23 mm in the
left scapula, as well as 24.5 mm, 23 mm, 22.0 mm, 28.34 mm in
the right scapula, and 28.31 mm in the left scapula.>'" 182122

It can be seen that the data on acromion length and width in
previous studies are largely consistent with the findings in our
study. We believe that the minor differences observed are due
to factors such as race, gender, or the methods used.

The mean coracoacromial distance (2c) was found to
be 36.6+6.7 mm in our study. In the literature, mean
coracoacromial distance measurements have been reported
as 29.2 mm, 31.7 mm, 28 mm; 26.63 mm in the right scapula
and 39.39 mm in the left scapula; 90.7 mm in men; 77.6 mm in
women; 34.59 mm in the right scapula and 37.46 mm in the
left scapula; and 30.48 mm281820-23

The mean distance between the acromion and glenoid cavity
(2d) was measured as 27.6+5.1 mm in our study. This distance
was reported as 21 mm by Taser and Basaloglu,? 31 mm in
right scapula and 31.97 mm in the left scapula by Mansur
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et al,*’ and 18.5 mm by Aydemir et al.,'® and as 32.31 mm in
the right scapula and 33.18 mm in the left scapula by Akhtar
et al.2 When all these values are reviewed, it is suggested
that the differences are due to variations in measurement
technique, racial differences, and differences in measurement
reference points.

It has been reported that understanding the shape and
dimensions of the glenoid cavity is crucial for managing rotator
cuff disease, shoulder dislocation, and the design and fitting of
prostheses for total shoulder arthroplasty, as noted by Gosavi
et al** Considering the importance of the glenoid cavity, we
conducted four measurements in this study: anteroposterior
diameter (3a), superior-inferior diameter (3b), depth (3c), and
surface area (3d) of the glenoid cavity.

When examining the results for the anteroposterior diameter
of the glenoid cavity, the smallest reported value was 23.2 mm,
while the highest was 29.00 mm.>?* These values have been
reportedas 23.2mm, 23.11 mm, 23.70 mm, 24 mm, 26 mm, 25.9
mm, 29 mm, and as 24.4 mm, 25.5 mm, 25.1 mm, and 24.6 mm
in studies conducted on the Turkish population,?31112161824-28
In our study, the mean glenoid cavity transverse length (3a)
was measured as 24.5+3 mm.

The mean superior-inferior (length) diameter values of the
glenoid cavity, expressed as (3b) in our study, have been
reported as 33.79 mm, 34.59 mm, and 36 mm in some studies,
while other studies report values of 36 mm and 35.3 mm. In
studies conducted on the Turkish population, the 3b value was
reported as 34.8 mm, 36.8 mm, 36.3 mm, and 36.3 mm.23'"-
131625-27 |n our study, the mean superior-inferior glenoid length
was found to be 34.9+3.3 mm. Differences in measurements
could be attributed to factors such as age, race, gender, and
measurement techniques.

Calculating both the depth and surface area of the glenoid
cavity may be useful when selecting and positioning the
appropriate size prosthesis in shoulder arthroplasty. In our
study, the mean glenoid cavity depth, expressed as 3¢, was
found to be 4.5£2 mm. A limited number of results were
found in the literature regarding depth. In a 2017 study,
Keles'*reported this depth as 0.45 cm in men and 0.38 cm in
women. It can be seen that the study results of this study are
consistent with those of our study.

The surface area of the glenoid cavity, expressed as 3d, was
determined to be 631+£139.053 mm? (6.31 cm?) on average in
our study. In a study by Prescher and Kliimpe,* the area of the
cavitas glenoidalis was stated to be 9.87 cm? in men and 7.18
cm?in women. Similarly, as reported by Prescher and Kliimpe?
found the area of the cavitas glenoidalis to be an average of
6.3 cm?in their study.
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In our study, the mean distance between the coracoid
process and glenoid cavity (4a) was found to be 24.3+3.6 mm.
Sabanciogullari et al.*° reported this distance as 17.6 mm, while
Kabakgi et al.” reported it as 2 cm. While the results of our study
were similar to those of Kabakgi et al.,'> they differed from those
of Sabanciogullari et al.3* We believe that this difference is due to
variations in measurement reference points.

In our study, the mean length of the coracoid process, referred
to as 4b, was measured as 41.1+4.2 mm. Previous studies have
reported this measurement as 31 mm by Albino et al.,'* 32 mm
by Von Schroeder et al.? 41.5 mm by Sabanciogullari et al.*®
42.1 mm by Aydemir et al,'® and 48.8 mm by Ohl et al."" In a
study conducted by Manal et al.' to examine ethnic differences
in coracoid process morphometry in Asian populations, the
measurement was reported as 43.3 mm on average in the Indian
population, 42.2 mm in the Chinese population, 39.1 mm in the
Myanmarese population, and 15.59 mm by Koca et al.?* When
various measurement results are considered, it is likely that
variations arise from differences in measurement ranges, age,
gender, ethnic groups, and study methods.

When study results on scapula morphometry are considered
in the literature, it is found that measurement results show
both similarities and differences. Generally, these differences
are attributed to factors such as age, race, gender, as well as
the materials and methods used.

Due to its relationship with the humeral head, the acromion
is the most frequently studied protrusion on the scapula, as
it is associated with various pathological conditions, as noted
by Ergdz> Most studies focus on the shape of the acromion.
In studies on acromion types, Kosar et al. found the following
distribution: 50.66% Type | (flat), 41.33% Type Il (curved), and
8% Type lll (hooked). Another study reported the distribution as
23% Type | (flat), 63% Type Il (curved), and 14% Type Ill (hooked).
In a study conducted by Edelson and Taitz® on 200 scapulae, the
acromion types were 22% Type | (flat), 62% Type Il (curved), and
16% Type lll (hooked). Aydemir et al.,'® in a study on 31 scapulae,
reported acromion types as 45.2% Type | (flat), 32.2% Type Il
(curved), and 22.6% Type lll (hooked). The results from Coskun et
al.* showed 10% Type | (flat), 73% Type Il (curved), and 17% Type
Il (hooked). Akhtar et al.2 reported a distribution of 53.34% Type
Il (curved) and 18.33%Typelll (hooked). Ina study by Vanarthos et
al.? on 30 scapulae, the percentage of Type IV (convex) acromion
was found to be 13%, higher than the average reported in
previous studies. In their study titled “Distribution of Acromion
Types in Turkish Society and Subacromial Distances” Duymus
et al.’® evaluated 100 shoulder MRI images retrospectively and
reported the acromion types as 47% Type | (flat), 24% Type |l
(curved), 20% Type Il (hooked), and 9% Type IV (convex). Koca
et al. reported the distribution of acromion types as 21% Type

Bagci et al. Scapula Morphometry Analysis

| (flat), 62% Type Il (curved), and 17% Type Il (hooked). Across
various studies, the data regarding acromion types linked to
shoulder symptoms and their percentages vary significantly.
The acromion types of 50 dry scapulae used in our study were
examined, and the results showed 28% Type | (flat), 54% Type I
(curved), and 18% Type lll (hooked).

CONCLUSION

In this study, similarities and differences were observed in the
measurement results. We believe that the findings we obtained
will assist clinicians in all types of surgical and arthroscopic
interventions involving the shoulder and scapula.
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