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 Background: The anatomy of the coracoid process and coracoclavicular (CC) ligament have been described and the correla-
tion between them has been assessed based on 3-dimensional computed tomography (CT) reconstruction and 
magnetic resonance imaging (MRI), which provide a guide for coracoclavicular ligament reconstruction.

 Material/Methods: Data were collected from 300 patients who underwent both CT and MRI of the shoulder joint from January 
2017 to January 2019 at the Jiang’an Hospital of Traditional Chinese Medicine. The coracoid process was ob-
served and classified and parameters of the CC ligament were measured according to different corneal types. 
All of the statistics were collected and classified by 2 radiologists, and average values were determined.

  Measurements of segments were taken as follows: ab – In the coronal plane, the length of the CC ligament 
from the central point of the CC ligament at the clavicular attachment to the CC ligament at the center of the 
CC attachment); ac – The distance from the center point of the CC ligament at the supraclavicular attachment 
to the acromioclavicular joint; de – In the sagittal plane, the length of the CC ligament from the center of the 
clavicular attachment to the coracoid attachment point; fg – The maximum diameter of the CC ligament at the 
anterior and posterior margins of the clavicle attachment; hi – The largest diameter of the CC ligament at the 
anterior and posterior edge of the coracoid process attachment; dj – The distance of the coracoclavicular liga-
ment from the center point of the coracoid process attachment to the coracoid process tip; kl – The distance 
in the supraclavicular plane from the coracoclavicular ligament to the subcoracoid process.

 Results: The analysis showed that there are 5 types of coracoid process: gourd (31%), short rod (20%), long rod (22.3%), 
wedge (10.3%), and water drop (6.3%). There were statistically significant differences between the lengths of the 
ac and hi segments in the among the wedge and gourd-type and the short rod and water drop-type coracoid pro-
cesses. There were statistically significant differences between the lengths of the ab, de, and fg segments in the 
short rod, gourd, and long rod-type coracoid processes. There were statistically significant differences between 
the lengths of the ac, fg, hi, dj, and kl segments in the water drop, gourd, and long rod-type coracoid processes.

 Conclusions: The present study indicated that measurement of the CC ligament and the different shapes of the coracoid 
process provide an anatomical basis for the diagnosis and treatment of shoulder diseases and the data can be 
used to improve the safety of CC ligament reconstruction.
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Background

The coracoclavicular (CC) ligament extends from the cora-
coid process to the lower edge of the outer end of the clavi-
cle and connects the 2 structures. It maintains a constant re-
lationship between the scapula and the clavicle, which is the 
structure most important to the stability of the acromioclavic-
ular joint [1]. The coracoid process is a hooked bone protrud-
ing from the superior side to the lateral side of the articular 
pelvis of the scapula. It is an important part of the anatomy 
of the human body and also an attachment point for impor-
tant muscles in the chest and upper arms. The coracoid pro-
cess plays an important role in the diagnosis and treatment 
of shoulder diseases, which is why it is called the “lighthouse” 
on the shoulder [2].

Acromioclavicular joint dislocation accounts for approximate-
ly 9% of all shoulder injuries and is a common indication for 
shoulder surgery. Often a result of an injury during sports, it is 
common in young athletes [3,4]. Coronal ligament reconstruc-
tion is one of the most commonly used clinical treatments for 
acromioclavicular joint dislocation requiring surgery, with good 
clinical results [5-7]. In reconstruction of the CC ligament, a 
clavicular-coracoid process bone tunnel should be established. 
The location, size, and thickness of the tunnel are vital to the 
success of surgery [8]. Because the clavicle is visible during 
the procedure, the location for the opening of the tunnel can 
be easily determined. Reconstruction has been described in a 
number of studies [9]. Because of the small size, deep location, 
and complexity of the anatomy that surrounds the coracoid 
process, there is no criterion standard for how to accurately 
create a transverse bone tunnel, and it can be difficult to po-
sition accurately, especially during minimally invasive surgery 
and or when visualization of the structures is limited [10,11]. 
Coracoid process fracture has become a serious complication 
of CC ligament reconstruction [12]. A significant amount of lit-
erature exists about coracoid ligament reconstruction around 
the world, but few reports exist about the morphological clas-
sification of the coracoid process.

Therefore, the purpose of the present study was to observe the 
anatomy of the CC ligament, study the correlation between it 
and the coracoid process, and discuss the indications and con-
traindications for CC ligament reconstruction based on three-
dimensional (3D) computed tomography (CT) reconstruction 
and magnetic resonance imaging (MRI). The aim was to pro-
vide an anatomical basis for CC ligament reconstruction and 
reduce the risk of surgery and the incidence of postoperative 
complications.

Material and Methods

Patients

A retrospective analysis was performed of imaging data col-
lected between 2017 and 2019 from 300 patients who un-
derwent CT and MRI of the shoulder joint at the same time at 
the Jiang’an Hospital of Traditional Chinese Medicine. Of the 
patients, 160 were men and 140 were women, aged 20 to 60 
years. Of the reconstructions, 132 were left-sided and 168 
were right-sided, and they were in patients with an average 
age of 42.26±12.40 years old. Because of limited availability 
of data, information on height and weight was not included.

The present study was approved by the Ethics Committee of 
Jiang’an traditional Chinese Medicine Hospital in batch num-
ber KY2017005.

Inclusion criteria were:

1) age 20 to 60 years old; 2) normal development of the scapu-
la, clavicle, and CC ligaments; 3) no history of fracture of cora-
coid process or clavicle; and 4) no history of CC ligament injury.

Exclusion criteria were:

1) developmental deformities of the scapula; 2) other serious 
scapula diseases or deformity; 3) fractures around the scap-
ula; 4) revision operation; and 5) infectious or chronic wast-
ing disease.

Methods

Imaging data were collected from 3D CT reconstructions of the 
shoulder joints of 300 patients. The data were transmitted to 
Mimics software to create 3D reconstructions of the joints and 
3D models of the coracoid processes.

The coracoid process was observed and classified by 2 radiol-
ogists, then the CC ligament was measured, and the final re-
sults were averaged. Differences of opinion were resolved by 
the Director of the Radiology Department. All of the person-
nel who made the observations had been engaged in profes-
sional imaging work for more than 10 years. All of the images 
collected for the present manuscript, the morphologic classi-
fication of the coracoid processes, and all data measurements 
were reviewed by imaging specialists.

For each patient, data from 3D CT reconstruction of the shoul-
der joint were collected and then the images themselves were 
uploaded into the Mimics software to create 3D models of the 
reconstructed coracoid process. Next, the shape of the cora-
coid process was observed and classified based on the 3D CT 
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Figure 1.  T2-weighted image correlation data for coracoclavicular (CC) ligament magnetic resonance imaging (MRI). (A) Measurement 
of the length of the CC ligament on T2-weighted MRI. (B) Sagittal coracoclavicular ligament length measurement on T2-
weighted MRI. (C) Measurement of the distance from the supraclavicular plane to the subcoracoid plane on T2-weighted 
MRI. Point a: The central point of the CC ligament at the clavicular attachment. Point b: The CC ligament at the center of 
the CC attachment. Point d: The CC ligament at the center of the clavicular attachment. Point e: The CC ligament at the 
coracoid attachment point. Point k: The point of the supraclavicular plane through the CC ligament. Point l: The point of the 
subcoracoid plane through the CC ligament the length of the CC ligament. ab: The length of the CC ligament in the coronal 
plane. de: The length of the CC ligament in the sagittal plane. kl: The distance between the supraclavicular plane of the CC 
ligament and the subcoracoid process plane.

A B

Figure 2.  Image correlation data for computed tomography of the coracoclavicular (CC) ligament. (A) Subclavian observation. 
(B) superior coracoid process observation. Point a: The center of the CC ligament at the clavicular attachment. Point c: 
The farthest point at the acromion end of the clavicle. Point d: The point of the CC ligament at the center of the clavicular 
attachment. Point f: The point of the CC ligament at the anterior edge of the clavicular attachment. Point g: The posterior 
margin of the CC ligament at the clavicle attachment. Point h: The anterior edge of the CC ligament attached to the 
coracoid process. Point i: The posterior margin of the CC ligament attached to the coracoid process. Point j: Apical apex 
of the coracoid process. ac: Distance from the center point of the CC ligament at the supraclavicular attachment to the 
acromioclavicular joint. fg: The maximum diameter of the CC ligament at the anterior and posterior margin of the clavicle 
attachment. hi: The largest diameter of the CC ligament at the anterior and posterior edge of the coracoid process 
attachment. dj: The length of the CC ligament from the center point of the coracoid process attachment to the coracoid 
process tip.
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reconstruction. Then, the clearest and most complete layer of 
the CC ligament in the coronal and sagittal planes was selected 
on T2-weighted MRI images to measure the CC ligament and 
its adjacent structures, as shown in Figures 1 and 2.

Measurements of segments were taken as follows: ab - In the 
coronal plane, the length of the CC ligament from the central 
point of the CC ligament at the clavicular attachment to the 
CC ligament at the center of the CC attachment); ac – The dis-
tance from the center point of the CC ligament at the supracla-
vicular attachment to the acromioclavicular joint; de – In the 
sagittal plane, the length of the CC ligament from the center 
of the clavicular attachment to the coracoid attachment point; 
fg – The maximum diameter of the CC ligament at the anteri-
or and posterior margins of the clavicle attachment; hi – The 
largest diameter of the CC ligament at the anterior and pos-
terior edge of the coracoid process attachment; dj – The dis-
tance of the coracoclavicular ligament from the center point of 
the coracoid process attachment to the coracoid process tip; 
kl – The distance in the supraclavicular plane from the cora-
coclavicular ligament to the subcoracoid process.

Statistical Analysis

Statistical analyses were performed using SPSS software, ver-
sion 20.0 (IBM Corp.). All of the data from the measurements are 
shown as means±standard deviations. The data related to the 
CC ligament that corresponded to the coracoid process types 
were measured with single-factor analysis of variance (LSD-t), 
with P<0.05 considered a statistically significant difference.

Results

There are 5 types of coracoid process, based on shape: gourd, 
short rod, long rod, wedge, and water drop, as shown in 
Figure 3.

Of the 3D reconstructions of adult scapulas, 94 (31%) were 
gourd, 60 (20%) were short rod, 67 (22.3%) were long rod, 31 
(10.3%) were wedge, and 48 (16.3%) were water drop-type. 

The measurements of morphological parameters from the cor-
acoid ligament that corresponded to each type of coracoid pro-
cess are shown in Table 1. There were significant differences 
in measurements for segments ab (P=0.000), de (P=0.000), fg 
(P=0.000), hi (P=0.013), and kl (P=0.000) between the gourd 
and short rod-type scapulas (P<0.05). Between the gourd and 
long rod-type scapulas, there were significant differences in 
measurements for segments ab (P=0.000), ac (P=0.000), de 
(P=0.009), and fg (P=0.000) (P<0.05 overall). There also were 
significant differences between the gourd and wedge-type scap-
ulas in measurements for segments ab (P=0.000), ac (P=0.000), 
de (P=0.000), fg (P=0.000), and hi (P=0.000) (P<0.05 overall).

Between the gourd and short rod-type scapulas, there were 
significant differences in morphological parameters of the 
CC ligament. In measurements for segments ac (P=0.000), fg 
(P=0.000), hi (P=0.011), dj (P=0.000), and kl (P=0.000), there 
were statistically significant differences between the gourd- 
and water drop-type scapulas. Between the short and long 
rod-type scapulas, there were statistically significant differenc-
es in measurements for segments ab (P=0.000), ac (P=0.000), 
de (P=0.001), fg (P=0.000), hi (P=0.003), dj (P=0.027), and kl 
(P=0.000) (P<0.05 overall). Between the short rod and wedge-
type scapulas, there were statistically significant differences 
measurements of segments ac (P=0.000), hi (P=0.004), and kl 
(P=0.000), (P<0.05) overall. Between the short rod and water 
drop-type scapulas, there were statistically significant differenc-
es in measurements of segments ab (P=0.000), ac (P=0.003), 
de (P=0.000), dj (P=0.000), and kl (P=0.000) (P<0.05 overall). 
There were statistically significant differences in measure-
ments of segments ab (P=0.000), de (P=0.002), fg (P=0.004), 
and hi (P=0.000) between the long rod and wedge-type scapu-
las (P<0.05). Between the long rod and water drop-type scapu-
las, there were statistically significant differences in measure-
ment of segments ab (P=0.001), ac (P=0.000), de (P=0.005), fg 
(P=0.000), hi (P=0.003), dj (P=0.000), and kl (P=0.000) (P<0.05 
overall). Between the wedge and water drop-type scapulas, 
there were statistically significant differences in measurement of 
segment ab (P=0.000), ac (P=0.000), de (P=0.005), fg (P=0.002), 
hi (P=0.008), dj (P=0.000), and kl (P=0.000) (P<0.05 overall). 
Neither gender nor left- or right-sidedness were associated 

A B C D E

Figure 3.  Reconstruction on three-dimensional computed tomography of the morphology of 5 types of coracoid processes. (A) Gourd. 
(B) Short rod. (C) Long rod. (D) Wedge. (E) Water drop.
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with a statistically significant difference in the morphologi-
cal parameters for the coronal ligaments, as shown in Table 2.

Discussion

The shoulder is the most flexible joint in the human body, with 
the largest range of movement and it plays a very important 
role in the movement of the upper arm. It is also the most un-
stable of the large joints in the body. Development of society 
and improvements in living standards have resulted in an in-
creasing incidence of shoulder dislocation, which is particu-
larly common in children, youth, and individuals who possess 
strong athletic ability [4]. Reconstruction of the CC ligament can 
help restore vertical stability of the shoulder joint in patients 
with acromioclavicular joint dislocation [1,3,13]. Endobutton 
CC ligament reconstruction has been widely used in clinic 
practice since it was first proposed by Struhl in 2007 [14,15]. 
Clinical results with CC ligament reconstruction are better than 
with a clavicular hook plate, screw internal fixation, and distal 
clavicle resection [16,17]. The key to a successful Endobutton 

reconstruction lies in the diameter and location of the bone 
tunnel. Improper pore size, positioning, or drilling position can 
easily lead to improper fixation of postoperative implants, re-
sulting in surgical failure, another dislocation, and fractures 
of the clavicle and coracoid process; the bone fracture rate 
reportedly is as high as 5.3% [13]. During the procedure, the 
clavicle is perforated under arthroscopic guidance, but the 
coracoid process is not exposed. Therefore, the choice of lo-
cation into which to drill is based solely on the experience of 
the surgeon, which greatly increases the risk of coracoid pro-
cess fracture intraoperatively and postoperatively. At present, 
there are few clinical studies of the indications and contrain-
dications for CC ligament reconstruction based on different 
shapes of the coracoid process, which is another reason for 
the high rates of surgical failure and postoperative complica-
tions. Therefore, there is an urgent need to study the anatom-
ical morphology of the coracoid process and anatomical pa-
rameters related to CC ligament reconstruction.

The purpose of the present study was to explore the morpho-
logical correlation between the coracoid process and the CC 

Distribution

Coracoid process type

Gourd Short rod Long rod Wedge Water drop 

94 (31%) 60 (20%) 67 (22.3%) 31 (10.3%) 48 (16.3%)

AB (cm) 0.97±0.14abc 0.72±0.10bd 1.08±0.28cd 0.70±0.17d 0.96±0.13

AC (cm) 2.78±0.15bcd 2.82±0.19bcd 2.62±0. 29d 2.52±0.32d 2.95±0.24

DE (cm) 1.97±0.18abc 1.75±0.22bd 1.87±0.24cd 1.72±0.22d 1.99±0.25

FG (cm) 0.87±0.10abcd 0.70±0.09bd 0.78±0.12cd 0.70±0.16d 0.62±0.10

HI (cm) 0.75±0.15abcd 0.69±0.09bc 0.76±0.16cd 0.61±0.09d 0.69±0.09

DJ (cm) 1.00±0.16d 0.96±0.12bd 1.02±0.12d 0.98±0.19d 1.31±0.20

KL (cm) 3.71±0.19abd 3.36±0.42bcd 3.63±0.35d 3.70±0.41d 3.98±0.28

Table 1. Anatomical morphological measurements of the coracoid process and coracoclavicular ligament (c
_
±s).

a P<0.05 vs short rod-type; b P<0.05 vs long rod-type; c P<0.05 vs wedge-type; d P<0.05 vs water drop-type.

Distribution

Sex Side

Male Female Left Right

160 (31%) 140 (20%) 132 (22.3%) 168 (10.3%)

AB (cm) 0.89±0.21 0.94±0.24 0.95±0.26 0.89±0.19

AC (cm) 2.76±0.31 2.75±0.19 2.77±0.27 2.75±0.28

DE (cm) 1.88±0.27 1.88±0.20 1.84±0.26 1.91±0.23

FG (cm) 0.77±0.14 0.74±0.13 0.75±0.14 0.76±0.15

HI (cm) 0.71±0.15 0.72±0.12 0.72±0.13 0.71±0.14

DJ (cm) 1.05±0.21 1.04±0.18 1.06±0.17 1.09±0.23

KL (cm) 3.65±0.44 3.68±0.26 3.62±0.40 3.70±0.34

Table 2.  Comparisons of anatomic morphological measurements of coronal and coracoclavicular ligaments based on sex and side 
(c
_
±s).

e930435-5
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Xin L. et al: 
Anatomy and correlation of the coracoid process and coracoclavicular ligament
© Med Sci Monit, 2021; 27: e930435

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



ligament, and to provide an anatomical basis and predictive 
value for treatment of shoulder dislocation and guidance for 
surgical correction of it. In our study, we identified 5 types of 
coracoid processes, with the gourd-type being the most com-
mon. The anatomical parameters of most coracoid ligaments 
and their attachment points differ in keeping with the diverse 
coracoid processes. Therefore, the treatment of acromioclavic-
ular dislocation should be individualized for patients with dif-
ferent coracoid processes, so as to improve the success rate for 
coracoid ligament reconstruction and reduce the occurrence 
of postoperative complications, especially coracoid fractures. 
Some researchers have conducted cadaver specimen studies 
on the attachment points of the CC ligament [18]. The pres-
ent study, however, was based on 3D CT reconstruction and 
MRI. For clinical practice, it offers more intuitive guidance on 
diagnosing and treating patients and the data are more valu-
able than those from the cadaveric specimen study. Cheng Xue 
used 3D printing technology to study the feasibility of CC lig-
ament reconstruction but did not include an in-depth discus-
sion of the attachment point of the CC ligament [19]. The pres-
ent research compensated for that deficiency by incorporating 
study of the attachment of the CC ligament as a way to guide 
clinicians on choosing the location for bone tunnel drilling.

Of the 5 forms of coracoid processes, the wedge-type had the 
shortest distances for segments ab, ac, hi, and de. Therefore, 
the coracoid process corresponding to the wedge-type may be 
shorter and thinner, which should be less prone to coracoid 
ligament rupture caused by excessive exercise and other fac-
tors. With a wedge-spaced coracoid process, there is less cor-
acoid base and in principle, the punch position should be far 
away from the base. However, of the 5 types, it is associated 
with the shortest distance for segment dj, so punching into the 
coracoid base could cause a beak lock fracture after ligament 
reconstruction. Therefore, a coracoid process that is wedge-
type is unfavorable and beak lock ligament revascularization 
of the tunnel should be considered so as not to push the cor-
acoid upward like a thimble. Because of its shape, a wedge-
type coracoid process is not easy to remove. Good long-term 
clinical and imaging results also have been achieved in prac-
tice with sleeve ring surgery, which can greatly reduce the risk 
of coracoid process fracture [20,21]. Of the segments dj was 
the shortest in the CC process, but de and fg also were short. 
The ligaments in the CC and the wedge-type coracoid pro-
cesses are both short, thin, and easily broken. Individuals with 
this anatomy should take protective measures to avoid rup-
ture of the CC ligament caused by strenuous exercise of the 
shoulder. A short rod-type coracoid process also has less bone 
mass, which increases the risk that it will fracture during drill-
ing. It is also short, making it easy for the sheath ring to slip. 
Therefore, CC ligament reconstruction should not be used for 
patients with acromioclavicular joint dislocation and CC liga-
ment rupture; internal fixation with a clavicular hook plate is 

a more appropriate alternative. With a water drop-type cor-
acoid process, the tip of the coracoid process may be small-
er and more prone to fall off when the annulus is performed. 
Therefore, in patients with that type of anatomy, a bone tun-
nel and annulus should not be used during ligament recon-
struction. CC ligament reconstruction can be recommended 
for treatment of patients with acromioclavicular dislocation 
who have a long rod or gourd-type coracoid process because 
their coracoid process bone is long and their anatomical struc-
ture is suitable. During CC ligament reconstruction, the tunnel 
positions for the long rod and gourd-type coracoid processes 
were roughly the same: long rod-type ac 2.62±0.29 cm and dj 
1.02±0.12 cm; gourd-type ac 2.78±0.15 cm and dj 1.00±0.16 cm. 
The length of the kl segment corresponding to the gourd-type 
coracoid process was 3.71±0.19 cm, and for the long rod-type 
coracoid process, it was 3.63±0.35 cm. These distances can 
guide selection of the length of the clinical loop. Methods of 
treatment of dislocation of the acromioclavicular joint should 
be dictated by the different coracoid processes.

The present study had some limitations. Data were collected 
only from patients in southwest China, most of whom were 
from rural areas, and the sample size was small. Further bio-
mechanical studies should be performed to investigate whether 
a CC ligament corresponding to a wedge- or short rod-shaped 
coracoid process is shorter, thinner, or easier to break than the 
ligaments associated with the other coracoid process types.

Conclusions

In 300 patients, 5 types of CC ligaments were defined according 
to the shape of the coracoid process. Of them, the gourd-type 
was the most common in a Chinese population. Endobutton CC 
ligament reconstruction requires the creation of bone tunnels 
and their stability is the key to the success of the procedure. 
At present, however, there is no accurate way to determine the 
best anatomical location in which to drill for the tunnel entry. 
The present study showed that measurements and relevant pa-
rameters for the CC ligament and its attachment can be obtained 
with use of 3D reconstruction and MRI technology. Data from 
these images can guide successful clinical reconstruction of the 
CC ligament and provide an anatomical basis for the procedure.
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