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Abstract
Background: Awareness of the accurate dimensions of the coracoid is essential for (i) coracoclavicular ligament reconstructions
and (ii) coracoid transfer procedures (e.g. Latarjet) for shoulder instability. The morphometric assessment of the coracoid process
using three-dimensional computer tomography (3-D CT) in the Indian population has not been previously undertaken.
Materials and Methods: The study was aimed to conduct the morphometric assessment of coracoid process using 3-D CT
reconstruction in the South Indian population and to compare the gender and side differences. In addition, we compared the
dimensions of the coracoid process with the findings in the previous studies performed in different races and ethnicities. We also
compared the results of our study with other morphometric studies conducted in India using dry bones. From the records, the 3D
CT images of the shoulder (age between 20 and 60 years) were assessed. Fractures of the coracoid or previous history of surgery
involving the coracoid were excluded from the study. The dimensions of coracoid were measured on the same final images by two
observers using digital calipers, and an average of their measurements was recorded. A two-tailed independent t-test was used to
measure the statistical significance.
Results: A total of 187 shoulders (120 males and 67 females), 3D CT images were assessed. The average age of the study population
was 30.66 ± 7.21 years. The average length of coracoid was 40.11 ± 1.36 mm. Overall dimensions of tip of coracoid was 20.56 ± 1.67
mm (length), 13.01 ± 0.97 mm (width), and 9.24 ± 1.05mm (height). Overall dimensions of base of coracoid were 20.45 ± 2.26 mm
(length) and 14.5 ± 0.86 mm (height). All the measurements were larger in males (P < 0.05). The side difference for all
measurements was not statistically significant. The mean coracoid width was significantly larger than the mean coracoid thickness
(P < 0.00001).
Conclusion: This study provides a comprehensive baseline data on the morphometry of the coracoid process in the South Indian
population that will be valuable in pre-operative planning for the shoulder surgeons.
Keywords: Coracoid, Three-dimensional computer tomography scan, Tip, Base, Scapula, Shoulder.
Introduction
The coracoid process is considered an
important landmark in shoulder surgery.
Awareness of the size of the coracoid
process is critical, especially for two
shoulder procedures:
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(I) Coracoclav icular ligament
reconstruction– a tunnel is drilled
through the coracoid process to
accommodate various types of grafts and
stabilize the acromioclavicular joint. An
eccentrically drilled tunnel through the
coracoid would inadvertently lead to a
fracture and failure of coracoclavicular
and acromioclavicular stabilization.
Hence, with the limited width of the
coracoid process, the margin of error in
drilling this tunnel is potentially narrow.
(ii) Shoulder instability, i.e., Latarjet
procedure– an osteotomy of the coracoid

process is performed, and the coracoid
graft is positioned at the inferior surface
against the anterior surface of the glenoid
neck [1]. This technique restores the
glenoid contour and stabilizes the
shoulder joint from potential dislocation.
There are several morphometric studies
performed on the dimensions of the
coracoid process in a different
population (Table 1) [2-24]. These
measurements have been performed
e i t h e r o n d r y b o n e s , c a d av e r i c
specimens, or radiological images and
prov ide basel ine data about the
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Table I: RACIAL DIFFERENCES IN THE DIMENSIONS OF THE CORACOID PROCESS
Studies

Total length

Base length

Midpoint
height

Cases

Method

Tip height

Base height

Tip length

Tip width

Midpoint width

Present (South India)

n=187

3D CT scan

Malay 10

n=15

3D CT scan

37.94 ±4.30

18.96 ±3.71

Chinese 22

n=84

3D CT scan

41.60 ± 4.04

-

21

n=14

cadaver

42.47 ± 1.02

23.90 ± 0.76

-

9.08 ± 0.58 15.26 ± 1.18

-

13.17 ± 0.51

-

n=14

Cadaver

39.19 ± 1.38

22.82 ± 0.78

-

8.58 ± 1.03 14.79 ± 0.88

n=28

Cadaver

44.3 ± 4.1

17.3 ± 1.8

-

-

42.10 ± 2.3

-

11.61 ± 1.98

9.1 ± 1.75

ASIANS

Chinese

Myanmarese

21

Japanese 19
18

-

n=30

Cadaver

n= 102

Dry bones

Thais 15

n=97

Dry bones

40.4 ± 4.1

Turks 3

n=90

Dry bones

-

17

n=62

Dry bones

42.36 ± 4.28

n=204

Cadaver

38.15 ± 3.97

-

-

Turks

14.41 ± 0.96

9.24 ± 1.16 15.03 ± 3.65 20.98 ± 2.90 11.63 ± 2.12

13.84 ± 1.76

14.5 ± 0.86

11.12 ± 1.97 9.05 ± 1.83

Koreans 12

Mongolian

20.56 ± 1.67 13.01 ± 0.97

40.11 ± 1.36 20.45 ± 2.26 10.91 ± 1.02 9.24 ± 1.05

-

20.80 ± 2.02 13.09 ± 2.06

14.59 ± 2.07

-

13.02 ± 1.32

-

-

-

-

-

-

24.75 ± 7.23

13.61 ± 2

15.29 ± 1.70

19.4 ± 7.9 #

-

-

13.95 ± 1.73

13.98 ± 1.69

12.8± 1.8 b
7.4 ± 1.2
-

14.6 ± 1.9

14.6 ± 2.9

-

18.59 ± 2.55

EUROPEANS
Italian 2
German

4

Greek 14

7.19 ± 1.04

-

14.62 ± 1.96

-

-

n=23

Cadaver

43.1 ± 2.2

14.1 ± 2.9

-

8.2 ± 1

14.9 ± 2.4

20.3 ± 2.6

13.6 ± 2.1

13.9 ± 1.6

n=101

Dry bones

-

-

-

8.7 ± 1.3

-

23.9 ± 3

13.6 ± 2

-

NORTH AMERICANS
American

24

n=5

Cadaver

-

-

-

-

-

22.7 ± 4.5

15.9 ± 2.2

-

American

8

n=23

3D CT scan

45.0 ± 3.8

27.9 ± 2.5

-

-

-

-

-

-

American

7

Caucasian 20

n=10

Cadaver

45.6 ± 4.2

-

13.5 ± 1.6

11.5 ± 0.9

-

22.8 ± 2.1

18.3 ± 1.8

16.1 ± 2.3

n=1082

Dry bones

46.0 ± 3.7

-

-

9.2 ± 1.2

-

-

15.9 ± 1.9

-

n=904

Dry bones

44.4 ± 4.2

-

-

9.4± 1.4

-

-

15.3 ± 2.1

-

12.0 ± 2.0

a

-

-

-

-

11.6 ± 1.0

a

-

-

-

-

-

15 ±2.2

21.1 ± 2

-

African American

20

American White

5

n=43

Dry osteology

45.8 ± 4.2

25.1 ± 2.4

-

American Black

5

n=17

Dry osteology

43.7 ± 3.8

24.6 ± 2.4

-

6

n=34

3D CT scan

-

Canadian 16

n=30

Cadaver

45.3 ± 4.7

Brazilian 9

n=30

Cadaver

42.6 ± 2.6

11

n=61

Cadaver

n=164

Dry bones

41.7 ± 4.7

n=248

Dry bones

41.1 ± 4.6

Canadian

-

10.5 ± 1.7

-

-

16.8 ± 2.5

14.9 ± 1.2

-

-

#

10.6 ± 1.2

SOUTH AMERICANS

Brazilian

-

8.37 ± 0.93

14.51 ± 1.90

AFRICANS
South African 23
Egyptian

13

-

-

-

-

-

13.3 ± 1.9

-

# - described as ‘total length’; a – described as ‘base height’; b – described as ‘coracoid height’

dimensions of the process concerning
specific race and ethnicity. It is well
known that there are racial differences in
bone geometry and dimensions. Further,
there are also gender-based differences in
the size of the bones. It is imperative to
define the morphological differences
among distinct races and gender,
considering the surgical importance of
this bony process. In the Indian
population, the morphometric studies
on the coracoid process have been

predominantly conducted using dry
bones (Table 2) [25-33]. Further,
anatomic measurements of the coracoid
process have been performed using
embalmed cadavers, and a safety zone for
the osteotomy of the coracoid has been
defined [28].
A computer tomography (CT) scan is the
investigation of choice for assessing the
glenoid bone loss in recurrent shoulder
instability. The dimensions of the
coracoid process can be measured in the

same CT study if a bone block procedure
is contemplated for shoulder instability.
In such a clinical scenario, an accurate
pre-operative assessment of the available
coracoid process for the planned transfer
procedure becomes critical. Recently, it
has been recommended to preoperatively assess the coracoid
dimensions based on which accurate
graft position can be contemplated to
restore the anatomical anterior-posterior
diameter of the glenoid cavity [34].
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Table II: DIFFERENCES IN THE DIMENSIONS OF THE CORACOID PROCESS IN THE INDIAN STUDIES
Parameters

Punjab 26

Present study

Delhi

Delhi

Telangana

Haryana

Bengaluru

Orissa

31

27

30

33

32

29

25

(n=69)

(n=64)

(n=50)

(n=50)

(n=60)

(n=42)

n=50

(South India)
Cases

(n=187)

(n=100)

Maharashtra

Method

3D CT Scan

Dry bone

Dry Bone

Dry bones

Dry bone

Dry bone

Dry bone

Dry bone

Dry bones

TOTAL LENGTH

40.11 ± 1.36

40.43

40.45 ± 4.434

41.01±3.55 (R)

39.04 ± 4.16

35.54

36.8 ± 3.6

38.73 ± 3.72

40.01 ±4.05

BASE LENGTH

20.45 ± 2.26

MIDPOINT HEIGHT

10.91 ± 1.02

TIP HEIGHT

9.24 ± 1.05

7.83

BASE HEIGHT

14.5 ± 0.86

15.62

TIP LENGTH

20.56 ± 1.67

TIP WIDTH

13.01 ± 0.97

MIDPOINT WIDTH

14.41 ± 0.96

40.88±3.83 (L)

8.59±1.32 (R)
8.01±1.16 (L)

13.77

8.54 ± 1.705

14.16 ± 2.386

13.93±1.13 (R)

7.95

8.61 ± 1.89

20.1

12.91 ± 2.88

14.5

14.28 ± 2.36

13.25±1.26 (L)
(R) – Right side; (L) – Left side

Table III: GENDER DIFFERENCES IN THE DIMENSIONS OF THE CORACOID PROCESS
VIEW

TOTAL

MALES

FEMALES

(n=187)

(n=120)

(n=67)

P value

AGE (YEARS)

30.66 ± 7.21

30.49 ± 7.15

30.98 ± 7.37

0.65

TOTAL LENGTH (CORONAL VIEW)

40.11± 1.36

40.44 ± 1.29

39.53± 1.28

< 0.001

BASE LENGTH (CORONAL VIEW)

20.45 ± 2.26

21.01 ± 2.31

19.46± 1.78

< 0.001

MIDPOINT HEIGHT (CORONAL VIEW)

10.91 ± 1.02

11.23 ± 1.01

10.24 ± 0.64

< 0.001

TIP HEIGHT (CORONAL VIEW)

9.24 ± 1.05

9.47 ±1.07

8.83±0.88

< 0.001

BASE HEIGHT (LATERAL VIEW)

14.5 ± 0.86

14.92 ± 0.63

13.75 ± 0.7

< 0.001

TIP LENGTH (SUPERIOR VIEW)

20.56 ± 1.67

21.1 ± 1.61

19.58 ± 1.3

< 0.001

TIP WIDTH (SUPERIOR VIEW)

13.01± 0.97

13.28 ± 0.84

12.53± 1.0

< 0.001

MIDPOINT WIDTH (SUPERIOR VIEW)

14.41± 0.96

14.91 ± 0.59

13.5± 0.84

< 0.001

Table IV: SIDE DIFFERENCES IN THE DIMENSIONS OF THE CORACOID PROCESS
RIGHT SIDE

LEFT SIDE

(n=94)

(n=93)

30.48 ± 7.58

30.84 ± 6.86

0.73

TOTAL LENGTH (CORONAL VIEW)

40.15 ± 1.52

40.08 ± 1.17

0.73

BASE LENGTH (CORONAL VIEW)

20.55 ± 2.31

20.35 ± 2.21

0.55

MIDPOINT HEIGHT (CORONAL VIEW)

10.96 ± 1.01

10.87 ± 1.04

0.55

9.25 ± 0.97

9.24±1.12

0.99

BASE HEIGHT (LATERAL VIEW)

14.5 ± 0.98

14.49 ± 0.72

0.92

TIP LENGTH (SUPERIOR VIEW)

20.57 ± 1.74

20.54 ± 1.61

0.87

TIP WIDTH (SUPERIOR VIEW)

13.06 ± 1.08

12.99 ± 0.85

0.77

14.43 ± 0.95

14.39 ± 0.98

0.77

VIEW

AGE (YEARS)

TIP HEIGHT (CORONAL VIEW)

MIDPOINT WIDTH (SUPERIOR VIEW)

P value
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Figure 1: Three-dimensional computer tomography image in coronal view– measurements of total coracoid length and
midpoint height (a), base length (b), and tip height (c).

Figure 2: Illustrations showing
Figure 3: (a) Three-dimensional computer tomography image in lateral view –
measurements in coronal view. A – total
measurements of the base height. (b): Illustrations showing measurements in
length; B – base length; C – tip height; D –
lateral view. E – Base height.
midpoint height.

Figure 4: Three-dimensional computer tomography image in superior view
– measurements of tip width (a), and tip length and midpoint width (b).

Figure 5: Illustrations showing measurements
in superior view. A – Total length; F – tip
length; G – tip width; H – midpoint width
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Hence, a familiarity with the dimensions
of the coracoid process on CT scans and
population-based baseline data provided
to the shoulder surgeons would be more
valuable and clinically relevant. A CT
scan based morphometric assessment of
the coracoid process has been performed
in the Chinese and Malay populations
[10, 21, 22]. However, no studies have
been conducted in the Indian population
using CT scans. Further, we have also
compared the coracoid process
measurements with other morphometric
studies conducted in different races and
ethnicities.
Materials and Methods
A retrospective observational singlecenter study was conducted after
obtaining the Institutional Ethical
Clearance (IEC:480/2018). The 3D CT
images of all the patients that were
performed for either shoulder instability
or trauma around the shoulder (fractures
of the proximal humerus or clavicle with
intact scapula) between January 2015
and July 2018 were retrieved from the
Archives of Radiology. Images of both
gender and skeletally mature patients
(age 20–60 years) were included in the
study. All the images were from the
patients belonging to one of the South
Indian states. Any fractures or tumors
involving the coracoid process, or
previous history of surgery involving the
coracoid process were excluded from the
study.
All CT scans had been performed on a
Philips brilliance 64 slice CT scanner
(Netherlands). The scan covered an area
from the AC joint through the proximal
humeral diaphysis, including the scapula
in craniocaudal orientation. The
scanning protocol was as follows:
· The scan and display field of view was
150 mm
· Pitch of 0.99
· Collimation of 128 mm × 0.625mm
· Rotation time of 0.75 s
· The window level was 800, and the
window width was 2000

· Kilovoltage (kV) 120
· Images were reconstructed at a 0.9 mm
thickness with an increment of 0.5 mm.
Post-processing, the images had been
reconstructed at a 0.9 mm slice thickness
in multiplanar reconstruction and
maximum-intensity-projection images
and volume rendering. The image
analyses were performed using Philips
3D maximum intensity projection with
direct body bone removal. The images
from 3D reconstructed CT scan of the
shoulder joints were cropped and devoid
of the humerus. All the measurements
were done using digital calipers on the
same final images by two observers who
were blinded to each other's data, and an
average of their measurements was
considered.
We adopted the parameters for the
mor phometric assessment of the
coracoid process using 3D CT scans from
previously described studies conducted
in Malay and Chinese population [10,
22]. The objective was to ensure
uniformity in comparison of
measurements between the races. In
three different views (coronal, superior,
and lateral), a total of eight
measurements of the coracoid process
were measured in millimeters (mm):
· Total length (in coronal view): Was the
distance from the tip of the coracoid
process to the anterior end of the scapular
notch at the superior scapular border
(Fig. 1a and Fig. 2)
· Base length (in coronal view): Was the
maximum mediolateral distance of the
base. (Fig. 1b and Fig. 2)
· Tip height (in coronal view): Was the
maximum superoinferior distance 1 cm
posterior to the tip (Fig. 1c and Fig. 2)
· Midpoint height (in coronal view): Was
the maximum superoinferior distance at
the midpoint of the total length (Fig. 1c
and Fig. 2)
· Base height (in lateral view): Was the
maximum superoinferior distance of the
base. (Fig. 3a and 3b)
· Tip length (in superior view): Was the
maximum distance from tip to the

midpoint (Fig. 4a and Fig. 5)
· Tip width (in superior view): Was the
maximum mediolateral distance of the
tip. (Fig. 4b and Fig. 5)
· Midpoint width (in superior view):
Maximum width at the midpoint of the
total length (Fig. 4b and Fig. 5)
The age, gender of the patient, and the
side were recorded for making
comparisons. A two-tailed independent
t-test for each measurement was
performed to evaluate the gender and
side differences. P < 0.05 was considered
statistically significant. Each parameter
was recorded, and IBM SPSS (version
25) software was used for the final
analysis. Similar measurements
performed in different races and
ethnic it ies and prev ious stud ies
conducted on dry bones in India were
tabulated and compared with the present
study.
Results
The results were presented as mean and
standard deviation. The CT images of
208 cases were retrieved from the
records, of which 187 cases fulfilled the
inclusion criteria. There were 120 males
and 67 females. The average age of the
study population was 30.66 ± 7.21 years.
The average length of coracoid was 40.11
± 1.36 mm. Overall dimensions of tip of
coracoid were 20.56 ± 1.67 mm (length),
13.01 ± 0.97 mm (width), and 9.24 ±
1.05 mm (height). Overall dimensions of
the base of coracoid were 20.45 ± 2.26
mm (length) and 14.5 ± 0.86 mm
(height). All the measurements were
larger in males compared with females (P
< 0.05) (Table 3). The side difference for
all measurements was not statistically
significant (P > 0.05) (Table 4). The
mean coracoid width was greater than the
mean coracoid thickness (P < 0.00001).
Fu r t h er, we co m pared a l l t h e
measurements between the Indian
population and the populations from
different races/ethnicities (Table 1) and
other morphometric studies conducted
in India (Table 2). The coracoid process
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dimensions in Indian population were
smaller than the Western population but
similar to the Asian population. Further,
the overall coracoid dimensions were
also similar to the measurements
previously reported in the Indian studies
using dry bones.
Discussion
There are several strengths identified in
our study. Our study provides a unique
baseline data on the coracoid process
dimensions in the Indian population
based on 3D CT scans. New parameters
such as the base length, tip length, and the
tip width that was previously unreported
in any series from the Indian studies, but
reported in other races/ethnicities, have
been provided. Among the CT-based
morphometric studies, we measured the
coracoid process dimensions in the
largest number of cases (n = 187) (Table
1). The study images obtained were from
exclusively a homogenous South Indian
population as compared with mixed
races, as seen in some studies [10].
Further, we have compared the coracoid
process measurements with other
morphometric studies conducted in
different races and ethnicities. Finally, we
measured the coracoid process
dimensions in different views (coronal,
superior, and lateral views) to provide a
comprehensive morphological
assessment.
Gender differences
A vast number of morphometric studies
have noted that all the measurements
were larger in males than females [4, 5, 8,
21, 22]. Our results concur with these
studies. However, Imma et al. noted no
significant gender-related differences in
the measurements for base height, tip
length, and midpoint width [10]. No
gender-based differences could be
ascertained from previous Indian studies
as most of them were conducted
predominantly on the dry bones. This
gender differences in all the
measurements, as noted in the index

study, should caution the shoulder
surgeons when contemplating
interventions involving the coracoid
process, especially in females. When the
harvested graft length and width is small,
the placement of two screws can be
challenging and increase the risk of
iatrogenic fractures. A smaller implant
system to secure the graft has been
recommended to maintain a “safe
distance” [14].
Side differences
We noted that there were no statistically
significant side differences in all the
measurements. Similar observations
were reported by Fathi et al. where no
side differences were observed in the
Anatomical study of Formalin-fixed
Cadaveric Shoulders of ethnic groups
comprising Chinese, Indians, and
M y a n m a r e s e . F u r t h e r, i n t h e i r
radiological study of ethnic groups
consisting of Chinese and Malays, the
side differences in all measurements were
also non-significant [21]. In contrast to
these findings, in one of the Indian
studies, the difference between the two
sides in the coracoid breadth was
statistically significant (P = 0.026).
However, the difference between the
sides for the length or thickness of the
coracoid process was not statistically
significant [27].
Racial/Ethnic differences
It is challenging to make comparisons
among different races for three reasons:
First, the measurements are performed in
diverse specimens comprising of
cadaveric shoulders, dry bones, or
radiological images. Second, there is a
lack of standardization in defining the
parameters and the reference points for
taking the measurements. Finally, each
s t u d y h a s p e r f o r m e d a “s e t ” o f
measurements, and there is a lack of
c o n s e n s u s o n w h i c h “s e t ” o f
measurements is clinically relevant.
Among all the parameters, the tip length
is perhaps the most ambiguous and

confusing. According to Lo et al. the
coracoid tip was defined as that portion
of the bone that was distal to the “elbow”
of the coracoid [24]. This “elbow” or
“knee” has been described as the bony
area that is anterior to the trapezoid
ligament [18]. Whereas, others have
described it as a “Precipice” – a specific
point at which the coracoidal
undersurface propagation changes from a
horizontal to a vertical direction [4].
Other studies, conducted on the
radiological images, considered the “tip”
as the part between the coracoid tip and
the midpoint of total length [10, 22]. We
too have considered the “tip length” in a
similar fashion (Fig. 5a and Fig. 6). The
objective was to provide uniformity for
making comparisons between the races.
In the classification of coracoid fractures
by Eyres et al., a “tip” fracture is type I and
has been considered similar to an
epiphyseal fracture [35]. Interestingly, no
standard textbooks of anatomy or
osteology have attempted to define what
exactly constitutes the “tip” of the
coracoid process.
Some authors have considered the “total
length” of the coracoid process itself as
the distance from the tip to elbow region
(by measuring the undersurface length)
[6, 14, 36]. This consideration results in a
smaller measurement as compared with
t h e majo r i t y o f t h e st u d i es t hat
considered the “total length” as the
distance from tip to the base/anterior
end of the scapular notch (by measuring
the longer superior surface length) [4, 5,
10, 21-23].
Ideally, we believe, a “tip length” would be
clinically relevant when measured
between the tip and the anterior margin
of the coracoclav icular ligament
attachment. This measurement gives the
exact value of the harvestable graft for the
Latarjet procedure. This measurement is
possible either intraoperatively or in
cadaver specimens. The accurate
identification of the landmark of
coracoclavicular ligament attachment in
the dry bones or CT scans is not feasible.
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Thus, as an alternative, in CT based
studies, an arbitrary midpoint of the total
length is taken as a landmark, and the
distance is measured from the tip to this
midpoint. This midpoint is located distal
to the coracoclav icular ligament
attachment, as noted by Dolan et al. [7].
This value would be suggestive of
minimum coracoid graft length available
for the transfer procedure. Based on this
concept, an average of 20.56 ± 1.67 mm
of coracoid graft can be comfortably
harvested in our population without
violating the coracoclavicular ligament
attachment. This observation is similar
to the values seen in the Malay and
Chinese population, which was assessed
in a similar fashion using 3DCT scan [10,
22].
Comparison with Indian studies
Most of the Indian morphometric
studies were conducted predominantly
on the dry bones, some limited studies on
cadaveric specimens, and none on the
radiological images. This diversity results
in limitations in making suitable
comparisons. As noted in the studies
conducted in different races and ethnic
populations, there is a lack of
standardization in defining the reference
p o i n t s a n d s p e c i f i c “s e t ” o f
measurements. None of these studies
attempted to measure the base length, tip
length, and the tip width, making the
index series primary baseline data and
reference value for the Indian population
for future research. We noted that the
average total length (40.11 ± 1.36 mm) in
the present study was found to be similar
to most of the studies conducted in
different centers of India [25-27, 31].
Likewise, the average midpoint width
(14.41 ± 0.96 mm) in the present study
was found to be similar to most of the
studies [29, 31, 33]. Only one study had
measured the midpoint height (coracoid
thickness) and was found to be smaller
than the measurement in the present
study (10.91 ± 1.02 mm) [27].

Surgical importance
One of the critical steps of the coracoid
transfer procedure is obtaining an
adequate graft size to compensate for the
glenoid bone loss. Recent trends in the
United States show that there is a
consistent increase in the number of
bone block procedures in the
management of shoulder instability [37].
Among the different types of bone block
procedures, the coracoid transfer appears
to be the surgical technique of choice
when anterior instability is present in
combination with the glenoid bone loss
[38]. Although there are no data available
on the trends among Indian Shoulder
surgeons, the surgical management of
shoulder instability is becoming widely
popular. A subset of these cases with
significant glenoid bone loss necessitates
a bone block procedure. Furthermore,
bone block procedures have been
advocated in patients with significant
la x i t y an d f a i l ed p r i o r s h o u l d er
stabilization surgery [37].
A Latarjet surgery is a technically
challenging procedure. Harvesting,
preparation, and placement of the
coracoid graft are the three crucial steps
that determine the successful outcome of
the procedure. A Congruent Arc Latarjet
is a modif ication of the original
procedure where the harvested graft is
turned 90° such that the inferior aspect of
the coracoid is used as the glenoid face
[39]. Thus, as compared with the
thickness (classical Latar jet), the
available width of the coracoid, is more
crucial in restoring the glenoid bone loss.
These parameters can be easily measured
from the CT scans and are useful in preoperative planning. We found that the
mean coracoid width was greater than the
mean coracoid thickness (P < 0.00001),
which is similar to the observation made
by Armitage et al. [6]. These dimensions
make it suitable for a Congruent Arc
Latarjet procedure where a larger glenoid
bone defect can be reconstituted.
In a cadaveric study, an average length of
2.6 ± 1.1 cm has been defined as a safety

margin for the coracoid osteotomy in the
Indian population. This value is larger
than the Japanese (24.8 ± 3.4mm) [19]
and smaller than the Caucasians (28.5 ±
5 . 1 m m) [ 7 ] . Ho w e v e r, t h i s
measurement is possible only in
cadaveric specimens and not helpful for
pre-operative assessment. In the
morphometric studies using 3D CT
scans, including the present study, a tip to
midpoint length is used to ascertain the
minimum harvestable coracoid graft
length. Furthermore, apart from the
“ideal” graft length required for the
t r a n s f e r p ro c e d u re, a n a c c u r ate
measurement of the transverse width is
equally essential. A recent study by
Boutsiadis et al. observed that using
conventional 4.5 mm screws for fixation
of the coracoid graft results in a narrow
gap from the mediolateral limit of the
coracoid and creates risk for fractures.
With an average coracoid width of 13.6 ±
2 mm and thickness of 8.7 ± 1.3 mm, they
noted that the “safe distance” for a
conventional 4.5 mm malleolar screw
was present in 56% of the cases, with the
3.75 mm screws in 85%, with the 3.5 mm
screws in 87%, and with the 2.8 mm
button in 98% of the cases. Thus, they
recommended using smaller button
implants to avoid the risk of fixation
failure due to cortical breach [14]. In
comparison, the average midpoint width
of 14.41 ± 0.96 mm and a midpoint
height (thickness) of 10.91 ± 1.02 mm
noted in the present study are larger than
the study population of Boutsiadis et al.,
thereby increasing the margin for “safe
distance” in our population.
Similarly, awareness of the average
transverse width of the coracoid process
would be beneficial when contemplating
the coracoclav icular ligament
reconstr uction/stabilization. A
transverse width of the given bone
should be sufficient to accommodate the
intended drill hole and subsequently, a
graft/implant. However, Coale et al.
observed that attempts to drill a tunnel (6
mm diameter) at the anatomic footprint
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of coracoclavicular ligaments resulted in
a medial cortical breach of the coracoid in
91.3% of the shoulders [8]. However,
most of the modern implant systems
used for coracoclavicular ligament
reconstruction have evolved and employ
smaller diameter drills. For example, AC
TightRope® (Arthrex) requires a 3 mm
cannulated drill and for the Dog Bone™
Button (Arthrex) a 2.4- or 3-mm
cannulated drill is needed. These smaller
tunnels minimize the risk from potential
fractures without compromising the
stabilization. A midpoint width of 14.41
± 0.96 mm, as noted in this study, would
be sufficient to accommodate this tunnel
without any significant risk of fractures
through the walls.
Finally, there are limited studies that have
attempted to define the dimensions of
the coracoid base. Eyres et al. had
described a classification system for the
coracoid fractures and observed that a
basal fracture (type III) is the most
common type [35]. Conventionally, a
4.0/4.5 mm cancellous screw is used to
stabilize a displaced fracture. Thus,
awareness about the dimensions of the
base of the coracoid that can
accommodate the intended screw would
be clinically valuable. With an average
base length of 20.45 ± 2.26 mm observed

in the present study, it is possible to place
the desired screw well within the base of
the coracoid process.
Limitation
Due to the inherent complex
morphology of the coracoid process,
t h e re a re s e v e r a l m ea s u re m e n t s
employed to define the dimensions, and
there is no consensus on the most
suitable technique. Moreover, the
literature is ambiguous regarding ideal
reference points and landmarks on the
bone for making suitable measurements.
This uncertainty leads to limitations in
making an appropriate comparison of
measurements between distinct races
and ethnicities. Furthermore, comparing
the radiological measurements with
s t u d i e s c o n d u c t e d i n c a d av e r i c
specimens or even dry bones can be
c ha l l eng i ng d u e to d i f f i c u l t y i n
identifying the landmarks accurately.
Armitage et al. had observed that the
values of their measurements conducted
on the 3D CT models were similar to the
values previously reported from the
cadaveric and imaging studies [6].
However, without a gold standard model,
it is difficult to make a comparison of
values on different specimens. Thus, to
ensure uni for mit y and fac i l itate

comparisons between the races, we
adopted the methodology of using 3D
CT scans previously described in the
Malay and Chinese population [10, 22].
Finally, as none of the studies had
reported all the eight measurements,
comparisons between these
races/ethnicities would not be accurate
or reliable.
Conclusion
This study provides a comprehensive
baseline data on the morphometry of the
coracoid process in the South Indian
population. All the measurements were
larger in males. The coracoid process
dimensions in the Indian population
were smaller than the western
population, but similar to the Asian
population. Further, the overall coracoid
dimensions were also similar to the
measurements previously reported in the
Indian studies using dry bones. The
mean coracoid width was significantly
larger than the mean coracoid thickness
making the dimensions suitable for a
congruent arc Latarjet procedure.
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