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Abstract Anatomic and morphometric study of the scapula in Thais was aimed to provide
fundamental information for surgical procedures such as fixation device selection, arthroscopic portal
placement, prosthetic design and positioning. Thirty measurements were carried in 97 scapulas, 25 pairs
from female and 23 pairs and one left side from male cadavers. The average age at the time of death was
69.82 years. The average length of seapula measured from the superior angle to the inferior angle was
13.93+ 1.11 em.(mean = standard deviation). The thickness of the lateral border taken from the midpoint
and 1 em. from the edge was 0.82 % 0.20 cm. thicker than the medial border taken in the same manner
(0.12 % 0.08 cm.). The inferior angle was more acute at 40.88 + 5.29 degrees and thicker than the superior
angle (84.29 + 9.43 degrees). The superior border was thin and sharp; the suprascapular notch was
presented on the border medial to the root of the coracoid process. The depth and shape of the
suprascapular notch were variable. The length of the spine measu red from the tip of the acromion process
to its medial edge was 12.89 % 0.94 em. The anteroposterior width of the spine measured were 0.60 £ 0.15
and 1.78 + 0.29 cm. taken from 1 and 4 em. away from its medial edge, respectively, and 4.15 + (043 em.
width measured in the plane of the spinoglenoid notch, The dimensions of the acromion process were 4.41
4+ 0.47 em X 2.50 4 0.37 em. X 0.72 + 0,51 em. (L x W x T). The distance between the acromion and
coracoid processes was 3.11 £ 0.41 em. The coracoids measurements were 4.04 £ 0.41 em. X 146 + 0.19
cm. X 0.74 = 0.12 em. (L x W x T). The distance measured from the tip of the coracoid process to the
bottom of the suprascapular notch was 4.84 £ 0.39 em. The glenoid dimensions were 3.58 £ 0,35
(superoinferior) and 2.73 + 0.31 em. (anteroposterior). The thickness of the scapula neck was 1.91 £0.37
and 1.02 £ 0.27 em. at 1 and 2 cm. away from the glenoid rims. Scapulas from male cadavers were
significantly larger than those from female cadavers in 27 measurements.
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levator scapulae, rhomboid minor, themboid major,
serratus anterior, omehyoid inferior belly and part of
the latissimus dorsi muscles attached to the body,
Deltoid and trapezius muscles are attached to the spine
of the scapula and acromion process. The long head
of both biceps brachii and triceps brachii muscles are
attached to the parts of the glenoid'. These muscles
bind the humerus to the scapula and the later to the

INTRODUCTION

Scapula, a large flat triangular bone is
situated on the back of the body and plays an important
role as forming the articular surfaces for shoulder and
acromioclavicular joints. The shoulder joint together
with the acromioclavicular joint are held to the body
by the sternoclavicular joint which are all called the
shoulder girdle. The shoulder girdle can produce the

widest range of motion; in doing so they have to
sacrifice their stability, particularly of the shoulder
joint. The articular surfaces of the shoulder joint are
the glenoid cavity (or fossa) and head of the humerus.
The glenoid fossa is a shallow ovoid depression on
the lateral angle of the scapula. The bony contour of
the glenoid cavity is insufficient to promote the
stability of the shoulder joint itself; thus the
surrounding muscles and ligaments, especially the
rolator muscles, are the most important to provide joint
stability. There are eighteen muscles attached to
various part of the scapula:' pectoralis minor,
coracobrachialis and biceps short head muscles
attached to the coracoid process, subscapularis,
supraspinatus, infraspinatus, teres minor, teres major,

trunk as well as produce movements of the shoulder
girdle.

Although the scapula is well protected by
several surrounding muscles and soft tissue, it may
be subject to fracture, developmental abnormalies,
tumor, arthritis and dislocation®’, Anatomical
considerations of the scapula are crucial for
understanding its specific abnormalities such as
glenohumeral instability and dislocation as well as
impingement syndrome and rotator cuff injuries.
Detailed morphometric knowledge of the scapula is
essential for various surgical procedures such as
glenchumeral arthroplasty, scapulectomy” and scapula
replacement®. The morphometric data of the scapula
have been reported and all of the studies were taken
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from westerner cadavers and specimens™’. Although
the complete quantitative anatomic study of the
scapula in Thais is still lacking, this study aims to fill
that gap and is carried out in Thai cadavers from the
Department of Anatomy, Faculty of Medicine Siriraj
Hospital.

MATERIALS AND METHODS

Minety-seven scapulas from adult Thais
cadavers were studied by second year medical students
at the Department of Anatomy, consisting of 25 pairs
taken from female cadavers as well as 23 pairs and
one left seapula from male cadavers. The average age
at death was 69,82 years old and ranged between 39-
88 years. All the attached muscles and soft tissues
were dissected out except labrum glenoidal,
suprascapular and spinoglenoid ligaments. The
general anatomic feature of the scapula was
investigated and photographs were taken. Linear
measurements were carried out with a vernier (Figure
1B} (Mitutoyo Corporation with the manufacture
certificate), having a precision of 1/100 cm. The
thickness measurement of the rough arca such as the
neck of the scapula or AP width of the spine could not
be determined by using the ordinary vernier; the
measurements were obtained by using the caliper
vernier (Figure 1 A). The angular measurements were
made by using a goniometer (Figure 1C). The

Figure I. Instruments used for measurements. A.
Caliper vernier for measuring the rough
irregular area B. Vernier for smooth
contour measurement C. Goniometer for
angular measurement

measurements were carried out by only one
investigator, using the same instruments througout the
study. All the measurements were made twice and
averaged out. The mean, standard deviation and range
were determined on thirty measurements that are
schemed below. Descriptive statistical analysis was
worked out by using the Statistics program SPSS
version 1 1.5, The continuous variables were compared
between gender and side using the Student’s t-test
(SPS5) significance at o = <(.03.

Measurement of the body

Seven general measurements were made on
the body of the scapula (Figure 2) as follows: 1) The
maximum length of the scapula was taken from the
tip of the superior angle to the tip of the inferior angle.
2} The anterior width of the scapula was taken from
the medial edge of the scapula where the spine of the
scapula joined its medial border to the anterior rim of
the glenoid. 3) The posterior width of the scapula was
measured between the medial edge and posterior rim
of the scapula. 4) The anteroposterior (AP) thickness
of the medial border of the body of the scapula was
measured half way and | em. inwards by using the
caliper vernier. 5) The AP thickness of the lateral
border was taken in the same manner as the medial
border thickness. 6) The inferior angle and 7) superior
angle were measured by goniometer. The inferior
angle was measured between the medial and lateral
borders and avoided the rough bony projection of teres
major muscle at the lower part of the lateral border.
The succession numbers of the measurements are used
consistently throughout the context of and illustration
in this paper. The linear measurement is presented in
centimeter while the angular measurement is in degree,

Measurement of the spine

Seven measurements were made for the spine
of the scapula (Figure 3, 4). These measurements
included length of the spine taken from the medial
edge of the spine 8) to mid point of the lateral border
of the acromion process and 9) to the tip of the
acromion process. 10) The distance from the medial
edge of the spine to the bottom of the spinoglenoid
notch was measured, The AP width of the spine was
measured at 11)] cm. and 12) 4 cm. lateral to the
medial edge of the spine and also 13} through the
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Figure 2. Anterior view of the right scapula Figure 3. Posterior view of the right scapula

illustrated the measurements taken (1) the
maximum length of the scapula; (2) the
anterior width of the body of the scapula
measured from the medial edge ofthe spine
to the anterior rim of the glenoid, (3) the
posterior width of the body measured to
the posterior rim of the glenoid (also shown
in Figure 3); (4) the AP thickness of the
medial border measured at the mid point
and 1 em. away from the edge; (5) the AP
thickness of the lateral border at the mid
point and 1 cm medial from the edge; (6)
the inferior angle; (7) the superior angle;
(21) the superoinferior thickness of the
coracoid process measured 1 cm. posterior
to the tip; (29) the AP thickness of the neck
ofthe glen - parallel to and 1 cm. medial
to the glenoid rim; (30) like the 29" item,
the AP thickness of the neck 2 cm. away
from the rim.

illustrated the measurements taken from the
posterior surface (1) maximum length of
the body of the scapula; (3) the posterior
width of the body; (8) the length of the
spine of the scapula measured from the mid
point on the lateral border of the acromion
process to the medial edge that joins the
medial border of the scapula; (9) the length
of the spine taken from the tip of the
acromion process to the medial edge; (10)
the distance measured from the medial edge
to the spinoglenoid notch,

lateral edge of spinoglenoid notch. 14) The thickness Measurement of the acromion process
of the acromial neck was measured at its thinnest AP Four measurements on the acromion process
and superoinferior diameter, (Figure 4) were 15) the maximum AP length measured
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Figure 4. Superior view of the right scapula illustrated the measurements of (11) the AP width of the spine at |
cm. away from the medial edge; (12) the AP width of the spine at 4 cm. away from the medial edge;
(13) the AP width in the plane of the spinoglenoid notch; (14) the thickness of the acromial neck; (15)
the AP length of the acromion process; (16) the acromial width taken from the middle part of the
acromion and right angle to the AP length; (17) the acromial thickness taken | cm. from the tip; (19)
the distance of the distal part of the coracoid process projected beyond the glenoid rim; (20) the
length of the coracoid process; (22) the AP width of the coracoid process measured 1 em. medial to
the tip; (23) the distance from the tip of the coracoid process to the suprascapular notch.

Figure 5. Lateral view of the right scapula and the
measurement of (18) the coracoacromial
distance; (24) the minimum distance from
the superior rim of the glenoid to the
inferior surface of the acromion process;
(25) the minimum distance from the
superior glenoid to the inferior surface of
the coracoid process; (26) the maximum
superoinferior length of the glenoid fossa;
{27) the maximum AP length of the glenoid
fossa; (28) the AP length measured from
the most posterior rim of the glenoid to the
glenoid notch.
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along middle of acromion, 16) the acromial width
measured in the mediolateral plane across the mid
acromion process and right angle to its AP length, 17)
the acromial thickness was taken from 1 cm. medial
to the tip of the acromion process, and 18) the
eoracoacromial distance was measured from the most
anterior border of the acromion to the tip of the
coracoid process(Figure 5).

Measurement of the coracoid process

Five measurements on the coracoid process
(Figure 4) were 19) the distance by which the tip of
the coracoid process projected beyond the rim of the
glenoid, 20) the length of the coracoid process taken
from the tip to its horizontal part, 21) the coracoid
thickness (Figure 2) measured in a superoinferior
direction | cm, posterior to its tip, 22) the coracoid
width measured in an anteroposterior direction 1 cm.
medial to its tip, and 23) the distance between the tip
of the coracoid process and the base of the
suprascapular notch (Figure 4).

Measurement of the head of the seapula and the
glenoid fossa

Seven measurement were carried out on the
lateral angle of the scapula or glenoid fossa (Figure
5), by measuring the minimum distance from the
superior rim of the labrum glenoid to 24) the inferior
surface of the acromion process and 25) inferior
surface of the coracoid process. The dimension of the
glenoid fossa with attached labrum glenoidal was
measured, including 26) the maximum superoinferior
diameter of the glenoid, 27) maximum AP diameter
of the glenoid from posterior rim to anterior rim, 28)
the distance from the previous posterior rim to the
zlenoid noteh on the anterior rim, and the AP thickness
of the neck of the glenoid (Figure 2) parallel to the
surface of the glenoid fossa 29)1 em. and 30} 2 cm.
medial to the gleneid surface,

RESULTS

Generally, the costal surface of the scapula
presented a broad concavity, called subscapular fossa.
The medial two-thirds of the fossa were marked by
several oblique ridges and run upward laterally (Figure
). These ridges gave attachment to the tendinous
insertion of the subscapularis muscle. Several

Acromion process
Gaoracold procass

Suprascapular ]
Supaerior angl

Figure 6. Ananterior view of a dissected scapula that
is free from attached muscles and soft
tissue. Standard terminclogy of its
anatomic region was indicated.

inconsistent bony crests were also presented along its
borders, particularly on the inferior angle. The
measurement results are shown in Table 1. The average
total maximum length of the body of the scapula was
13.93 4 1.11 em. (mean + standard deviation); in male
cadavers it was 14.87 £ 0. 76 cmand 13.11 =0.67 cm,
in female scapula, The average maximum length of
the scapula was significantly longer in the male
scapula. The average width of the scapula body
measured from the medial edge of the spine joined
with the medial border to the anterior and posterior
rims of the glenoid were 10.30 £ 0.78 cm, and 10.47
+ 0.77 o, respectively, The mean AP thickness of
the lateral border was 0.82 £ 0.20 cm. thicker than
the medial border of 0.12 & 0.08 cm. All of the inferior
angles were acute, with mean 40.88 + 5.29 degrees,
while the superior angle was rather obtuse with an
average of 84,29 £ 9.43 degrees. The inferior angle
was significantly different between genders but not
in the superior angle.

The spine of the scapula was a prominent
bone plate obliquely across the back of the body of
the scapula and separated the supraspinatus fossa from
the infraspinatus fossa. It began at the medial border
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with a smooth triangular area and gradually elevated
to become the acromion process on the lateral end.
The spine was triangular and flattened downward; the
apex pointed toward the vertebral border. [t was
presented with three borders; the anterior border was
attached to the posterior surface of the body of the
scapula, the posterior border was broad and the longest
and the lateral border was curved laterally as a
spinoglenoid notch. The average total length of the
spine of the scapula measured from the middle of the
lateral border of the acromion process to the medial
edge was 12.49 + 0.93 cm. the mean length of the
spine was longer (12.89 = 0.94 cm.) with the
measurement taken from the tip of the acromion
process. The total mean distance between the medial
edge of the scapula and the spinoglenoid notch was
8,12 + 0.65 cm. The average AP width of the spine, |
cm. and 4 em. away from the medial edge of the spine,
was 0.6+ 0.15 cm. and 1.78 = 0.29 cm,, respectively.
The total mean AP width of the spine taken at the
plane parallel to the spinoglenoid notch was 4.15 =
0.43 em.

The acromion process formed the summit of
the shoulder with an oblong appearance, curved
forward and upward so that it overhung the glenoid
fossa. Together the coracoid process and
coracoacromial ligament formed the secondary socket
for the shoulder joint, The mean distance between the
coracoid and acromial processes measured from the
tips of both was 3.11 & 0,41 ¢m. The mean thickness
of the acromion neck was 0.77 = 0.14 cm. The
dimension of the acromion process was 4.41 £ (.47
cm. for the mean length of total cases, The mean width
of the acromion process taken at a right angle to the
acromion length was 2.5 £ 0.37 cm.; the mean
thickness measured at | cm. away from the tip was
0.72+£0.15 cm.

The coracoid process was thick and curved
from the upper part of the scapula neck, ran upward
medially at first and later changed direction to project
forward laterally as the horizontal part of the coracoid
process. The average length of the coracoid process
measured from its straight portion was 4.04 £ 0.4]
cm.; the average AP width was 1.46 + 0.19 cm. and
the average superoinferior thickness was 0.74 + 0.12
cm. The average distance of the projected tip of the
coracoid process that protruded beyond the glenoid

surface was 0,91+ 0.36 em. The base of the coracoid
processs continued with the superior border of the
scapula which was interrupted by a notch called the
suprascapular notch. The distance between the tip of
the coracoid process and the bottom of the
suprascapular notch was 4.84 £ 0,39 cm.

The glenoid fossa situated at the lateral angle
of the scapula was projected laterally and faced
slightly forward to form an articular surface for the
glenchumeral joint. The fossa was concave and oval;
an indentation was inconsistently found on its anterior
rim, the glenoid notch, leading to the glenoid fossa
had a teardrop appearance, The average glenoid
dimension, measured with the labrum glencidal in situ,
were 3.38 4 0.35 cm. for mean maximum
superoinferior length, 2.73 & 0.31 cm. for average
maximum anteroposterior width and 2.6 + (.26 cm.
for mean AP width taken from the post. rim to the
glenoid notch. The average minimum distances
between the superior glenoid rim to the inferior surface
of the acromion process and inferior surface of the
coracoid process were 1.87 £ 0.28 cm. and 1.5+ 0.21
cm., respectively. The average thickness of the scapula
neck in the AP direction parallel to the surface of the
glenoid at | cm, and 2 cm. medial to the glenoid rim
were 1,91 £ 0.374 cm. and 1.02 + 0.27 cm.,
respectively,

All the measurements of the scapula in Thai
male cadavers were significantly larger (p<0.03} than
those taken from Thai female cadavers (Table 1), with
the exception of the following in which there were no
differences: superior angle, the distance of coracoid
projection which extended beyond the glenoid surface,
and the minimum distance from the superior glenoid
to the inferior surfaces of the acromion and coracoid
processes. There were no differences in all the
measurements between the right and left side of the
scapulas,

DISCUSSION

The osseous dimensions of the scapula have
been presented and the gender dimorphism has been
demonstrated to confirm that the scapulas taken from
Thai male cadavers were larger than the scapulas from
female cadavers®™", The body of the scapula was
characterized as a very thin osscous plate (Figure 6)
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and rather translucent so that it would be impossible
to accept any conventional pins or screws" for fixation.
The medial and lateral borders were thicker than the
former, especially the lateral border of the male
scapulas which would be sufficient to support the
fixation in the arthrodesis procedure for scapula
instability or scapulothoracic arthrodesis in
fascioscapulohumeral muscular dystrophy'. The
thickness of the lateral border in male cadavers ranged
from 0.46 - 1.32 cm; in some cases, it was more than
| cm. thick which would have enough bone mass to
be an implanted site for endosseous dental implants
in microvascular mandibular reconstruction but not
in female cases",

The dimensions of the spine of the scapula
and acromion process were large enough to support
screw, pin or wire for fracture stabilization of the
acromioclavicular joint" or arthrodesis of the shoulder
joint**, The dimensions of the acromion process and
minimum distance between its inferior surface and
superior rim of the glenoid cavity were particularly
important in acromioplasty in arthroscopic
subacromial decompression or acromioclavicular
arthritis’. The mean coracoacromial distance in the
male scapula was significantly larger than that found
in the fermale scapula while the minimum distance from
the superior glenoid to the inferior surfaces of the
coracoid and acromion processes were not different
in both genders. However, these spatial data provided
useful information for portal placement for shoulder
arthroscopy and acromioplasty.

Despite the rarity of direct injury to the
coracoid process', the information of the coracoid
process and adjacent structures were essential for
clinical research. The suprascapular notch was situated
medially to the root of coracoids and covered by a
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