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Abstract
Background: The anatomical variation of the coracoglenoid space has the potential to in�uence the
stability of scapular neck fractures. This paper aimed to investigate the path-mechanical mechanisms of
different types of coracoglenoid space on the scapular neck fractures by morphometric analysis and
biomechanical experiments.

Methods: A total of 68 dry scapulae (left: 36; right: 32) were collected, the types of coracoglenoid space
delimited by a boundary based on the ratio of the mean values of CGD to the mean values of CGN. Each
specimen of a different type was under static axial compressive load test to failure. The average failure
loads, stiffness, and energy for each specimen were calculated.

Results: Two types of coracoglenoid space were identi�ed. The incidence of Type  (2.4 < ratio ≤ 3.5)
(‘‘hook’’ shape) was found to be 53%, that of Type  (3.5 < ratio ≤ 5.0) (‘‘square bracket’’ shape) was found
to be 47%. There was no statistically signi�cant difference in the two types between different body sides
(P > 0.05). The average maximum failure load of these two types was 1270.82 ± 318.85 N and 1529.18 ± 
467.29 N, respectively (P = 0.011). The measures of the average failure stiffness and energy of Type 
were signi�cantly higher than Type  (896.75 ± 281.14 N/mm vs. 692.91 ± 217.9 5N/mm, P = 0.001;
2100.38 ± 649.54 N⋅mm vs. 1712.71 ± 626.02 N⋅mm, P = 0.015, respectively).

Conclusions: The variation of coracoglenoid space is large in different individuals, hook-like space is
associated with fewer forces, stiffness, and energy, which constitute an anatomical predisposition to the
scapular neck fractures.

Background
Scapula is a complex anatomic unit, and the coracoid process is a hook-shaped bone structure that
projects anterolateral from the superior aspect of the scapular neck [1]. Coracoid process has been a
popular topic involved in surgical management, and its morphological variation been linked to some
speci�c shoulder pathologies [2–4]. Recurrent shoulder instability is mainly due to a bony defect of the
glenoid fossa. Variation in coracoid that acts as a bony restraint to anterior dislocation may not only
affect the risk of instability but also the direction of the humeral head during the glenohumeral
dislocation, consequently, in�uence the location of glenoid rim lesions [4]. Understanding the variability
before planning a bony stabilization procedure for recurrent shoulder instability can better guide optimal
bone graft placement. Since the coracoid process serves as a critical anchor for many tendinous and
ligamentous attachments, the morphological variation has been thought of as a key factor in the
impingement syndrome and the pathogenesis of rotator cuff disease [1, 5]. Anterior shoulder pain is often
associated with subscapularis tendon tears, which are particularly common in elderly patients and
caused by repeated impingement of the coracoid on the humeral tuberosity due to excessively internal
rotation [6]. Detailed information on the morphology of the coracoid facilitates the localization of
subcoracoid injection treatment[1].
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Scapular neck fractures are one of the orthopedic problems, which are more commonly due to the high-
energy impact force that directly by an external object or the humeral head [1], accounting for
approximately 7%-25% of all scapular fractures [7, 8]. The scapular neck is a transitional portion between
the scapular body and the glenoid cavity [9, 10], which is displaced from the root of the scapular spine
and has the function of maintaining the normal position of the glenoid and transmitting stress [11].
Scapular neck fractures have been an object of research since the 1840s [12], the vast majority of these
fractures were caused by a high-energy blunt trauma mechanism [13]. The types of these fractures found
in orthopedic work are complex and variable, which is often de�ned based on the relationship between
the coursing of the fracture line and the passaging through the coracoglenoid space by surgeons [8, 14].
The scapular neck fractures mainly including three types: the anatomical neck fracture, the surgical neck
fracture, and the trans-spious neck fracture [8]. Over the subsequent decades, the studies on these
fractures have gradually increased [7, 10, 14–16]. Radiographic studies demonstrated that the fracture
line of anatomical neck fracture crossed the scapular neck [14], and passed through superiorly between
the superior pole of the glenoid fossa and the base of the coracoid fossa [8, 15, 16]. However, there exists
signi�cant variability in coracoglenoid space that may in�uence the occurrence of scapular neck
fractures. Detailed knowledge of the variation of the space and its related structures is crucial in
understanding scapular neck fractures.

Since the patho-biomechanical mechanism by which the anatomical variation of coracoglenoid space
in�uences stability of scapular neck fractures remains unclear, there are associated with some
confusions that presenting incorrect radiographs and CT images regarding anatomic neck fractures
prevalence [17] as well as misunderstanding the unstable anatomical neck fractures of scapula for the
variation of the “�oating shoulder” [10, 16, 18], which often results in misdiagnosis or missed diagnosis
[15]. The documents concerning these fractures were mostly the case reports [8, 14–16, 18], which
confused the types of fractures [7, 10]. According to our knowledge, studies on the biomechanical
mechanisms of scapular neck fractures in human cadaver specimens have not yet been reported.
Therefore, the aim of this study was to evaluate the morphological parameters of coracoglenoid space
with a speci�c classi�cation method and to determine whether different constructions of the space
in�uence the biomechanical procedures of scapular neck fractures.

Methods

Morphological measurement of coracoglenoid space
All procedures performed for this study were approved by the Ethical Committee of Anhui Medical
University (Hefei, China). A total of 68 dry adult scapulae (left: 36; right: 32) were examined in our study,
the age and sex of these donors were unknown. The specimens were donated for research and
educational purposes by the Department of Anatomy of our institution. Criteria for selecting the subjects
were those with clear and intact features, while those with previous damage or congenital shoulder
malformation were excluded.
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The coracoglenoid space of all scapulae was analyzed. To identify the construction of this space, the
following morphological parameters were used: (1) Coracoglenoid distance (CGD), the distance between
the coracoid middle tip and the nearest point of the anterosuperior margin of the glenoid fossa (Fig. 1a);
(2) Coracoglenoid notch (CGN), the distance between the upper rim of the glenoid and the coracoid base
(Fig. 1b). These two metrological parameters that determine the coracoglenoid space are located in the
same plane. We set a bound based on the ratio of the mean values of CGD to the mean values of CGN,
which classi�ed the coracoglenoid space into two types.

To avoid inter-observer variations, all the measurements were measured by the same researcher with a
digital caliper (the minimum scale was 0.02 mm; Qingdao, China), each of the measurements three times
and the average value was selected as the �nal data.

Specimen Preparations And Fixation
All the selected specimens were �xated with polymethylmethacrylate (PMMA) along the medial margin of
the scapula through the inferior part of the scapular spine into a custom-designed mold. Specimens were
�xed to the base of the machine that keeps the surface of the glenoid was placed in the same plane as
the compression device (Fig. 2). Based on the smallest diameter of the standard available glenoid
component in the market, a custom-made 40mm diameter solid steel ball that simulating the humeral
head [19] was used to attain equal load distribution on the glenoid. The ball was mounted on the beam,
which moves vertically downward to simulate the compressive impact of external forces or trauma on the
glenoid fossa.

Biomechanical Testing
Biomechanical testing was carried out using the Electronic Universal Tester (Model DNS-20; Sinotest
Equipment Co., Ltd.; Changchun, China). Each specimen was statically loaded up to failure by the
application of an increasing axial compressive load at a speed of 5 mm/min that was applied
perpendicular to the face of the glenoid fossa. This parameter was chosen based on a previous study
published by Hsiao et al [20]. Failure was de�ned as a marked decrease and a peak in�ection point of the
load versus displacement curve occurred.

Load versus displacement curves were generated from the ramp and failure load data. Peak failure
compression load was the highest force value attained at the point of failure of the load versus
displacement curve. Failure stiffness was calculated as the slope of the linear portion of the load versus
displacement curve before the yield point during failure (load divided by displacement). Failure energy
was calculated as the area under the load versus displacement curve (load multiplied displacement). The
compressive force per time and displacement per time was graphically showed and analyzed in all tests
for each specimen (Fig. 3). Measurements including failure load, stiffness, and energy were compared. All
specimens were analyzed at the point of failure to calculate the maximum biomechanical parameters.
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Statistical analysis
All data presented as mean ± standard deviation. Statistical differences on the measured side of the body
as well as the biomechanical parameters of different types were assessed using independent sample t-
test. SPSS 20.0 Software (IBM Corp) was used for data analysis. Differences were de�ned as statistically
signi�cant at P < 0.05.

Results

Parameters and morphology of coracoglenoid space
Two types of coracoglenoid space were arbitrarily identi�ed: Type  (2.4 < ratio ≤ 3.5) was ‘‘hook’’ shape
(Fig. 4a), Type  (3.6 < ratio ≤ 5.0) was ‘‘square bracket’’ shape (Fig. 4b). In our study, the incidence was
found to be 53% of Type , and another type was calculated to be 47% in all specimens. Out of the total
36 specimens of Type  examined 17 were found on the left side and 19 were found on the right side,
accounting for 25.0% and 28.0% respectively. The left side and the right side of Type  were equally
distributed (accounting for 23.5% respectively) in all scapulae. There was no statistically signi�cant
difference in the anatomical features of the coracoglenoid space between the different body sides (P > 
0.05) (Table 1).

Table 1
Comparison of the morphometric parameters of coracoglenoid space based on classi�cation

and body side.
Classi�cation Side N (%) CGD (mm) CGN (mm)

Type 

(2.4 < ratio ≤ 3.5)

Left 17(25.0%) 13.92 ± 0.18 4.81 ± 0.33

Right 19(28.0%) 14.02 ± 0.19* 4.76 ± 0.38*

Type 

(3.6 < ratio ≤ 5.0)

Left 16(23.5%) 11.39 ± 1.08 2.66 ± 0.27

Right 16(23.5%) 11.42 ± 1.11# 2.63 ± 0.28#

NOTE. Data are shown as mean ± standard deviation. * vs. Left, P > 0.05. # vs. Left, P > 0.05.

A summary of measurements regarding the values of CGN and CGD were shown in Table 1. In our study,
the average CGD at the left and the right side of Type  were 13.92 ± 0.18 mm and 14.02 ± 0.19 mm, while
the average for the same for Type  was 11.39 ± 1.08 mm and 11.42 ± 1.11 mm respectively. The mean
CGN of Type  at the left side was 4.81 ± 0.33 mm, and that of Type  was 2.66 ± 0.27 mm. The mean
CGN, at the right side of the two types, were 4.76 ± 0.38 mm and 2.63 ± 0.28 mm respectively. There was
no signi�cant difference in both two types between the parameters and the body sides (P > 0.05). In
addition, we calculated the t-test in morphologic parameters of all coracoid between Type  and Type ,
which demonstrated that Type  had a signi�cantly smaller CGD and CGN than Type  (P < 0.001).
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Biomechanical compressive parameters in two different types of coracoglenoid space

All specimens were able to withstand static axial loading up to failure, without any gross failure of PMMA
during biomechanical testing. The compression mechanical properties of the two different types differed
signi�cantly. The calculated results of maximum failure loads, stiffness, and energy for the two types in
all specimens are shown in Fig. 5. The load to failure was an average of 1270.82 ± 318.85 N in the Type 
and 1529.18 ± 467.29 N in the Type . The average stiffness and energy were signi�cantly greater in Type
 than in Type  (896.75 ± 281.14 N/mm vs. 692.91 ± 217.95 N/mm, P = 0.001; 2100.38 ± 649.54 N⋅mm

vs. 1712.71 ± 626.02 N⋅mm, P = 0.015, respectively). The mean biomechanical compressive properties for
the two types of coracoglenoid space are summarized in Table 2.

Table 2
Comparison of the biomechanical compressive parameters for two different types

of coracoglenoid space
Parameters Type Type t-value P-value

Force (N) 1270.82 ± 318.85 1529.18 ± 467.29 2.630 0.011

Stiffness (N/mm ) 692.91 ± 217.95 896.75 ± 281.14 3.361 0.001

Energy (N⋅mm) 1712.71 ± 626.02 2100.38 ± 649.54 2.504 0.015

Data are presented as means ± standard deviation.

Table

Discussion
Fractures caused by shoulder trauma are one of the most common diseases of orthopedic surgery, more
than half of the extra-articular fractures involve the scapular neck [21]. The proximal part of the fracture
line of anatomical neck fractures ran into the space that delimited by the upper border of the glenoid
fossa and the base of the coracoid process (i.e., the coracoglenoid space) [16], the shape and size of this
space hinge on its amount of bone mass as well as the fragility. Hence, anatomical morphometric and
biomechanical studies of these structures may provide information about the etiology of the scapular
neck fractures.

There was no signi�cant difference in mean CGN between left and right side, which is consistent with
previous study [22]. In addition, the average CGD at the left side was found to be same as the right side in
our study, this con�rmed the previous study of Khan et al, who showed that the left and the right side
were 28.2 ± 3.5 mm and 27.4 ± 8.3 mm respectively [2]. To the best of our knowledge, many scholars
measured the CGD that between the coracoid tip and the nearest point of the glenoid fossa [2, 5], few
studies have put forward the distance of the coracoid middle tip to the glenoid. Mohammad et al reported
the mean distance of CGD that same as we de�ned was 20.0 ± 4.0 mm [3], which is bigger than that of us
(12.76 ± 1.59 mm), this difference could be related to the measurement technique or different ethnic of



Page 7/15

specimens [23]. In our studies, the CGD is the coracoid middle tip to the glenoid, which is located in the
same plane as CGN. We classi�ed the coracoglenoid space based on these morphometric proportions,
which could better describe the anatomical morphology of the space. We did not include the in�uence of
gender on morphology, but previous studies demonstrated that there was no signi�cant difference
between metrological parameters and gender [2, 3].

The �ndings of this study present that it is a common occurrence for the anatomical variation of
coracoglenoid space that was sorted into Type  (“hook” shape) and Type  (“square bracket” shape)
according to the morphometric ratio of 68 scapulae. Among our classi�cation, the incidence of Type 
was higher than Type , which is similar to previous studies [5]. Type  has a prominent superior pole of
the glenoid and a large depression at the base of the coracoid that formed a marked hook-like structure
with a posterolaterior border of the coracoid. Type  resembles a square bracket depression. Therefore,
the contour of Type  re�ects a more complex morphology than another type. This may due to the
superior pole of the glenoid serves as the attachment point for the long head tendon of the biceps, the
stress that generated by repeated contraction of muscle �bers during prolonged shoulder motion
produces stimulates bone growth, consequently, the arch-like structure by the base of the coracoid
process and the anterosuperior part of glenoid fossa was deepened [22]. We expected that there would be
more Type  on the right scapulae owing to most of the Chinese people are right-handed. Contrary to
expectation, however, our studies did not �nd a signi�cant difference between the body sides and the
shape of coracoglenoid space in both two types (P > 0.05). Some studies have shown that the coracoid
base growth plate was formed by the separate but directly apposed physeal cartilage of the coracoid
base and the anterior scapulae, which typically fused by the 14th or 15th years of age; a separate physis
forms at the tip of the coracoid and permits longitudinal growth and frequently symmetric in appearance
with the contralateral side [24]. This may be the cause of symmetry between the left and the right side.

Surgical cases often present a challenging fracture lines alignment of scapular neck fractures due to the
involved complex anatomical patterns, as well as the high-energy injury mechanisms. Miller and Ada had
described a new type of scapular neck fractures, i.e., C type, fracture of the neck inferior to the scapular
spine, which is a controversy surrounding the classi�cation of scapular neck fractures [7]. After
containing the C type in the classi�cation of the scapular neck fractures, Goss described this ‘‘fracture of
the neck inferior to scapula spine’’ [10]. Jaeger et al designated the anatomic neck fracture(denoted F0),
which de�ned as “a fracture of the articular segment, not through the glenoid, but resulting in the fossa
being departed from any part of the scapula body’’ [25]. The challenge is due to unclear about currently
the possible patho-mechanical role of scapular neck fractures that complicating the clinical diagnosis.
Therefore, understanding biomechanical patterns of bony fracture is of great importance in determining
the type of fracture.

The results of our research show, in this study biomechanical setup that simulating an external impact on
the glenoid fossa, the average maximum failure load in Type  was less than that in Type  (P = 0.011). In
addition, the average failure stiffness and energy in Type  were signi�cantly lower than that of Type  (P 
= 0.001, P = 0.015, respectively). Variation in Type  serves as a predisposing factor in the scapular neck
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fractures, and Type  might be substantial enough to improve the stability of scapular neck fractures. To
our knowledge, no investigator has compared the biomechanics between different types of coracoglenoid
space. The most important clinically relevant �nding of this study was that the larger the hook-like
structure of the space, the less the external impact force it will be resistant, and it may be more prone to
the incidence of fractures. This study yielded similar results as previous reports by Strnad et al., who used
the three-dimensional CT reconstruction to observe the morphological characteristics of the coracoid in
patients with scapular neck fractures and found that the coracoid was hook shape [22]. Thus, Type  may
constitute an anatomical predisposition to scapular neck fractures. This variability would be of clinical
importance when identi�ed the type of fractures and the surgical procedure for �xation, as it should also
guide optional screw �xing positions. In addition, biomechanical compressive tests in our study were
performed on human cadaver scapular specimens, which allows for better to capture the natural variation
in shape and mechanical properties than a synthetic bone model.

Detailed knowledge of the coracoglenoid space is important to aid in fracture reduction and to improve
the mechanics of the bone plate construction. The typical anatomical neck fracture line separates only
the glenoid fossa from the scapular body, with a short spike of the lateral border of the body [8, 15, 16].
This typical fracture fragment often results in valgus displacement, which is mainly due to the disruption
of both tension and balanced stability of the soft tissues around the scapulae. [16, 18]. Unstable or highly
displaced fractures of the glenoid neck have the potential to lead to shoulder instability and chronic pain.
A meta-analysis revealed that even after 10–20 years, one-quarter of patients with displaced scapular
neck fractures had residual shoulder disabilities and with less favorable results [26]. Several authors have
shown good surgical and functional results with operative management of scapular neck fractures [13,
27, 28]. However, there are many different ways of internal �xation for these fractures. The common
approach to the �xation of fractures is a single plate that extending along the posterior surface of the
lateral scapular border, engaging the glenoid fragment [8]. Sulkar et al. improved an alternative strategy,
i.e., the 2-plate neck �xation technique, to repair scapular neck fractures [29]. Anyway, from the standpoint
of the photomechanics's mechanism of fracture, morphological variability and biomechanical properties
of the coracoglenoid space need to be taken into account for different �xation techniques. Based on an
accurate understanding of this information can also help to shorten the surgical cycle, thus reducing
tissue irritation and complications in the con�guration of the bone-plate construction.

There were several limitations in our study. First, the number of 68 specimens is a relatively small
quantity, but all of them are human cadaver scapular specimens. In this way, we can be better capture the
natural variation in shape and mechanical properties of human bone. Secondly, we were unable to check
the mechanism in vivo of muscle forces around the shoulder. Because besides the fragility associated
with the coracoid, it has been believed that the violent voluntary contraction of muscles was one of the
reasons for the occurrence of fractures [30].

Conclusions
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A better understanding of the anatomical morphology and patho-biomechanical mechanism of
coracoglenoid space is mandatory because morphological variation does have an in�uence on the
magnitude of external impact forces to which the scapula is subjected. Hook-like space is associated
with fewer forces, stiffness, as well as energy, which may constitute an anatomical predisposition to
scapular neck fractures.
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Figure 1

Measurement of morphological parameters of the coracoglenoid space. a coracoglenoid distance.
Lateral view of the right scapulae. b coracoglenoid notch. Posterlateral view of the right scapulae.
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Figure 2

Biomechanical axial compressive test setup. Test specimen was loaded in the material testing machine.
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Figure 3

Typical load-displacement curves of two different types after increasing static axial compressive test.
Triangular sign represents the maximum failure load.

Figure 4

Con�gurations of two different types of coracoglenoid space. View from postersuperior of right scapulae.
a Type  (‘‘hook’’ shape), b Type  (‘‘square bracket’’ shape).
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Figure 5

Biomechanical parameters for each specimen of two different types under increasing axial load test. a
failure loads. b failure stiffness. c failure energy.


