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Objective: An agreement has not been reached on optimal locations of bone tunnels for coracoclavicular ligament
(CCL) reconstruction for acromioclavicular joint dislocation (ACD). This study aims to identify the convergence point
(cP) between the coracoid process and clavicle in the Chinese population to assist surgeons in reconstructing the CCL
for ACD.

Methods: From 2014 to 2020, 483 CT scans of the shoulders of 270 male and 213 female patients (247 right and
236 left shoulders) were collected and studied retrospectively. By overlapping the images of the transverse plane of
the coracoid process and the clavicle, points a and b, and the midpoint ab (cP) were determined. Then, a series of
parameters through point cP in the transverse and sagittal planes were measured. In the transverse plane this
included the distance from point cP to the tip of the coracoid process (cP-cor),the distance between the medial and lat-
eral margins of the coracoid process through point cP (Med-lat cor), the distance from point cP to the acromioclavicular
joint (cP-ac), and the distance between the anteroposterior margin of the clavicle through point cP (Ap-clav). In the sag-
ittal plane, this included the craniocaudal segment of the coracoid process (Cc-cor), and the craniocaudal segment of
the clavicle (Cc-clav). The sex and side differences of these measurements were also analyzed by two radiologists.

Results: Based on the following measurements, point cP was determined. For male patients, the cP-cor was
28.02 � 3.43 mm, Med-lat cor was 22.78 � 2.80 mm, Cc-cor was 15.11 � 2.13 mm, cP-ac was 29.24 � 3.84 mm,
Ap-clav was 18.27 � 2.46 mm, and Cc-clav was 10.09 � 1.56 mm. For female patients, the cP-cor was
25.20 � 3.26 mm, Med-lat cor was 20.21 � 2.97 mm, Cc-cor was 13.03 � 1.77 mm, cP-ac was 26.66 � 3.45 mm,
Ap-clav was 16.10 � 2.30 mm, and Cc-clav was 8.91 � 1.40 mm. All the measurements of female patients were
lower than those of male patients (p < 0.01). Between sides, only cP-ac of the left shoulders was significantly lower
than those of the right shoulders (p < 0.05), with no significant differences in other parameters between
sides (p > 0.05).

Conclusion: The results of this study identified the locations of bone tunnel-cP in the coracoid process and clavicle for
the CCL reconstruction in ACD. Moreover, the findings indicated that surgeons should be more cautious in operating on
female patients and that the cP-ac of left shoulders should be set lower than that of right shoulders.
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Introduction

Acromioclavicular joint dislocation (ACD) is a common
shoulder girdle injury, accounting for approximately 8%

of all joint dislocations and 12% of shoulder injuries.1 In
general, the treatments for ACD are non-operative for
Rockwood types I and II and are operative for types
IV–VI1,2. The treatment types remain controversial for type
III acromioclavicular joint injuries. The literature supports
non-operative management of type III injures, with operative
management only when non-operative management fails or
according to patient preference.2–4 Although more than
162 surgical techniques for ACD have been described, there
remains no gold standard.5

In acute ACD, surgeons frequently resort to the use
of hook plates, which provide good short-term effects but
may lead to complications including acromioclavicular
arthritis, stress fractures, and acromial osteolysis.6,7 In con-
trast, the Weaver–Dunn procedure, which transfers the cor-
acoacromial ligament (CCL) to the distal clavicle, is
frequently used for the treatment of chronic ACD.8,9 How-
ever, the biomechanical strength of the CCL is only 25% of
that of the native CCL and the failure rate of the procedure
is as high as 30%.9–11 Over time, more and more minimally
invasive surgical treatments for acute and chronic ACD with
fewer complications have been described. For example, sur-
geons usually reconstruct the CCL under arthroscopy using
double endobutton devices for acute ACD2,12,13 and using
autografts,2,8,14 allografts,2,15 or synthetic ligaments such as
the ACLS and TightRope for chronic ACD.2 In CCL recon-
struction, drilling bone tunnels in the coracoid process and
clavicle to restore the anatomical structure of the CCL has
become a common surgical treatment. Although CCL recon-
struction for ACD can provide favorable clinical and radio-
graphic outcomes,12,13,16,17 where and how to drill bone
tunnels accurately in the coracoid process and clavicle for
CCL reconstruction for ACD remains controversial.

In types IV–VI ACD, due to the instability of the acro-
mioclavicular joint caused by CCL rupture, CCL reconstruc-
tion must interconnect the coracoid process and clavicle to
prevent acromioclavicular joint superior dislocation. There-
fore, just below the reduced clavicle, a bone tunnel at the
base of the central region of the coracoid process, allows syn-
thetic ligaments to pull down the clavicle to prevent this dis-
location. Previous studies have proposed locations and
methods for drilling bone tunnels through the coracoid pro-
cess and clavicle.8,15,18–22 These studies reported two
3.5/4.5/6/7 mm-diameter holes in the clavicle for conoid and
trapezoid ligament reconstruction and zero, one, or two
3.5/4.5/6/7 mm-diameter holes in the base of the coracoid
process. Coale et al.21 prepared three bone tunnels using
superior clavicular, inferior/superior coracoid landmarks,
and central coracoid landmarks in a three-dimensional
model for CCL reconstruction, concluding that the anatomi-
cal reconstruction of conoid and trapezoid ligaments may
lead to a high risk of medial cortical breach and coracoid
process fracture. However, no previous study described the

accurate placement of bone tunnels in the coracoid process
and clavicle; thus, surgeons must drill bone tunnels empiri-
cally, which may lead to drilling at unsuitable sites, failure of
acromioclavicular joint reduction, anterior subluxation of the
acromioclavicular joint or coracoid process fracture and the
clavicle after operation.21,23,24

In recent years, Sella et al.22 described overlapping CT
images to identify a convergence point (cP) between the cor-
acoid process and clavicle for creating a bone tunnel for CCL
reconstruction, as well as a series of parameters for accurate
drilling. However, the authors did not analyze the differences
between sex and side, the sample size was not large, and the
study population included only Brazilians. Due to the differ-
ences according to sex and race, differences may exist when
drilling bone tunnels in Chinese patients.

No previous study has described how to accurately
establish a bone tunnel in the coracoid process and clavicle
in a Chinese population. Thus, this study applied the previ-
ously described method of overlapping CT images of the cor-
acoid process and clavicle to a Chinese population.22 And
based on previous literature,8,15,18–22 we hypothesized that
optimal bone tunnels located in the base of the central region
of the coracoid process, and just above the coracoid process,
were located in the central region of the clavicle. The pur-
pose of this study was (i) to identify the point cP between
the coracoid process and clavicle and measure a series of
parameters through point cP, which contribute to
reconstructing CCL; (ii) to analyze sex differences; and
(iii) to study the side differences (left and right shoulders) in
a Chinese population.

Methods

Inclusion and Exclusion Criteria
Inclusion criteria: (1) patients with normal scapula and clavi-
cle; (2) patients who underwent CT scans of shoulders on
different sides. Exclusion criteria: deformity and fracture of
the scapula and clavicle. A total of 483 CT scans of patient
shoulders scanned between 2014 and 2020 were provided by
the Department of Radiology, Affiliated Hospital of Tradi-
tional Chinese Medicine, Southwest Medical University.
Among the patients, 270 were male and 213 were female.
Among the shoulders that were scanned, 247 of them were
right and 236 were left shoulders.

Measurements
The shoulder joints including the scapula and the clavicle of
483 patients were scanned on a spiral CT scanner (Somatom
Sensation 16) provided by SIEMENS (Munich, Germany). All
measurements were performed by two radiologists who were
familiar with musculoskeletal structure and who had worked
in the radiology department for >5 years. The measurements
described by Sella et al. were carried out as follows.22 The
images of the clavicle and the coracoid process were collected
and processed on a picture archiving and communication sys-
tem (PACS) (UniPeport V 2.0 m) provided by KONICA
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MINOLTA (Shanghai, China). The images of the transverse
plane of the clavicle with the largest distance between the
anteroposterior margins and the transverse plane of the cora-
coid process with the largest distance between the medial and
lateral margins were obtained respectively (Figure 1A,B). The
processed images of the clavicle and coracoid process were
overlapped (Figures 1C and 2A). Points, a, b, and cP were
marked in the overlapped images, in which point a was the

intersection of the anterior margin of the clavicle and the lat-
eral margin of the coracoid process, point b was the inter-
section of the posterior margin of the clavicle and the medial
margin of the coracoid process, and point cP was the mid-
point of ab, which was the optimal location for drilling bone
tunnels for CCL reconstruction (Figures 1D and 2B).

Next, in the overlapped images, using point cP as the
reference point, four specific parameters of the coracoid

A B

C D

FIGURE 1 Method for locating the convergence point (cP) in CT shoulder scans. (A), Images of the transverse plane of the clavicle with the largest

distance of the anteroposterior margins. (B), Images of the transverse plane of the coracoid process with the largest distance between the medial

and lateral margins. (C), Overlapped images from (A) and (B). (D), The location of point cP; a, the intersection of the anterior margin of the clavicle

and the lateral margin of the coracoid process; b, the intersection of the posterior margin of the clavicle and the medial margin of the coracoid

process. Point cP is defined as the midpoint of ab
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process and clavicle were described to accurately locate the
bone tunnels (Figures 2 and 3), including:
1. cP-ac, distance from point cP to the acromioclavicular

joint (Figures 2C and 3A)
2. Ap-clav, distance between the anteroposterior margin of

the clavicle through point cP (Figures 2D and 3B)
3. cP-cor, distance from point cP to the tip of the coracoid

process (Figures 2E and 3C)
4. Med-lat cor, distance between the medial and lateral mar-

gins of the coracoid process through point cP (Figures 2F
and 3D)

Further, line α (the axis of the coracoid process
through point cP) was also determined (Figures 4A and 5A).
On the sagittal plane, the image through line α was selected
(Figure 4B), from which two parameters of the clavicle and
coracoid process were described to evaluate the depth of
bone tunnels, including:
1. Cc-clav, craniocaudal segment of the clavicle (Figures 5B

and 6A)
2. Cc-cor, craniocaudal segment of the coracoid process

(Figure 5C and Figure 6B)

Statistical Analyses
All measurements performed by the radiologists were aver-
aged. Data were analyzed by using IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp.). The measurements
were expressed as means� standard deviation (x� s).

Kolmogorov–Smirnov (K–S) tests were used to assess the
normality of the distributions of each measurement of
parameters. Independent sample t-tests were used to com-
pare the differences between sides and sex. Fisher F-tests
were used to determine whether the variances of each mea-
surement of parameters were equal. Intraclass correlation
coefficients (ICCs) were used to measure inter-observer reli-
ability. p < 0.05 was considered statistically significant.

Results

Measurement Results in Chinese Population
The measurement results for the coracoid process and clavicle
in Chinese population are shown in Tables 1 and 2, including
cP-ac (28.10 � 3.89 mm), Ap-clav (17.31 � 2.62 mm), cP-cor
(26.78 � 3.63 mm), Med-lat cor (21.65 � 3.14 mm),CC-clav
(9.57 � 1.60 mm), and CC-cor (14.19 � 2.23 mm).

Differences in Sex
The measurement results in men were as follows: cP-ac,
29.24 � 3.84 mm; Ap-clav, 18.27 � 2.46 mm; cP-cor, 28.02
� 3.43 mm; Med-lat cor, 22.78 � 2.80 mm; CC-clav,
10.09 � 1.56 mm; and CC-cor, 15.11 � 2.13 mm. The mea-
surement results in women were cP-ac, 26.66 � 3.45 mm;
Ap-clav, 16.10 � 2.30 mm; cP-cor, 25.20 � 3.26 mm; Med-
lat cor, 20.21 � 2.97 mm; CC-clav, 8.91 � 1.40 mm; and
CC-cor, 13.03 � 1.77 mm. All measurements in male

A B C

D E F

FIGURE 2 Illustration of the overlapped images and measurements. (A), Overlapped images from Figure 1A,B. (B), The location of point convergence

point (cP); a, the intersection of the anterior margin of the clavicle and the lateral margin of the coracoid process; b, the intersection of the posterior

margin of the clavicle and the medial margin of the coracoid process. Point cP is defined as the midpoint of ab. (C), cP-ac, distance from point cP to

the acromioclavicular joint. (D), Ap-clav, distance between the anteroposterior margin of the clavicle through point cP. (E), cP-cor, distance from point

cP to the tip of the coracoid process. (F), Med-lat cor, distance between the medial and lateral margins of the coracoid process through point cP
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patients were significantly higher than those in female
patients (p < 0.05) (Table 2).

Differences in Sides
The cP-ac locations differed significantly according to side, at
28.56 � 4.06 mm for the right and 27.60 � 3.65 mm for the left
(p < 0.05). No other measures differed significantly between the
right and left sides (Ap-clav: 17.41 � 2.74 mm vs
17.20 � 2.50 mm; cP-cor: 26.67 � 3.66 mm vs 25.20
� 3.26 mm;Med-lat cor: 21.67 � 3.18 mm vs 21.62 � 3.11 mm;

CC-clav: 9.53 � 1.65 mm vs 9.62 � 1.55 mm; CC-cor:
14.02 � 2.31 mm vs 14.38 � 2.14 mm; all p > 0.05) (Table 2).

Inter-observer Reliability
The inter-observer agreement for all measurements was good
(ICC = 0.900 [0.796–0.953], p < 0.001).

Discussion

By overlapping CT shoulder scans, we identified point cP
between the coracoid process and clavicle, measured a

A B

C D

FIGURE 3 Measurements in overlapping images, with point convergence point (cP) as a reference. (A), cP-ac, distance from point cP to the

acromioclavicular joint. (B) Ap-clav, distance between the anteroposterior margin of the clavicle through point cP. (C) cP-cor, distance from point cP to

the tip of the coracoid process. (D) Med-lat cor, distance between the medial and lateral margins of the coracoid process through point cP
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series of parameters through point cP, and studied the differ-
ences between sides and sexes in Chinese population. Our
results showed cP-cor locations of 28.02 � 3.43 mm in men
and 25.20 � 3.26 mm in women and cP-ac locations of
29.24 � 3.84 mm in men and 26.66 � 3.45 mm in women.
Our results are comparable to those reported by Sella et al.22

(cP-cor: 29.3 mm and 24.9 mm; cP-ac: 29.3 mm in men and
25.6 mm in women, respectively). Moreover, as illustrated in
Tables 1 and 2, all measurements in female patients were

lower than those in male patients, while the ac-cP of the left
shoulders was lower than those of the right shoulders.

Significance of the Optimal Location of the Bone Tunnel
Selecting the optimal position to drill bone tunnels on the nar-
row clavicle and coracoid process is key but challenging in the
reconstruction of the CCL for ACD. Based on cadaver speci-
mens and CT scans, the anatomical characteristics of the cora-
coid process, clavicle, and CCL have been described.

A B

FIGURE 4 Image of the sagittal plane through

line α. (A) Overlapping images from Figure 1A,

B. Line α is the axis of the coracoid process

through point convergence point (cP).

(B) Image of the sagittal plane through line α

A B C

FIGURE 5 Illustration of the images of

the sagittal plane through line α and

measurements. (A) Overlapping

images from Figure 1A,B. Line α is the

axis of the coracoid process through

point convergence point (cP). (B) Cc-

clav, craniocaudal segment of the

clavicle. (C) Cc-cor, craniocaudal

segment of the coracoid process

A B

FIGURE 6 Measurements in the image of the

sagittal plane through line α. (A) Cc-clav,
craniocaudal segment of the clavicle. (B) Cc-

cor, craniocaudal segment of the coracoid

process
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Furthermore, relevant anatomical parameters have provided a
reference for surgeons to establish bone tunnels.2,25–27 However,
due to different results among studies, there remains contro-
versy regarding the selection of the optimal position to drill
bone tunnels in clinical practice. Inaccurate bone tunnel loca-
tion or inappropriate diameter may lead to failure of the reduc-
tion and fixation of the acromioclavicular joint and may also
increase the risk of coracoid process and clavicle fractures27.

Optimal Locations of Bone Tunnels in the Coracoid
Process According to Sex and Side
Xue et al.26 studied the attachment regions of the CCL in Chi-
nese population. The lengths of the coracoid process were
43.3 � 3.1 mm and 38.0 � 3.0 mm in men and women,
respectively. Therefore, based on our results of point cP loca-
tions of 28.02 � 3.43 mm in men and 25.20 � 3.26 mm in
women, far from the tip of the coracoid process, point cP was
located approximately at the intersection of the middle and
posterior thirds of the coracoid process, at the base of the cora-
coid process. Studies on the location of bone tunnels in the cor-
acoid process suggested that tunnels in the base of the coracoid
process were safer and more forgiving.21,28 Coale et al.21 drilled
a bone tunnel at the midpoint between the center of the conoid
and trapezoid ligament footprints on the superior coracoid
process for CCL reconstruction, reporting a high risk of medial
cortical breach and coracoid fracture. Many studies have also

proposed the diameter of the bone tunnel in the coracoid pro-
cess,8,15,18–20,28,29 with values ranging from 3.5 to 7 mm.
Among them, Campbell et al.28 reported that a 4.5-mm tunnel
in the base of the coracoid process provided greater reduction
and fixation compared to a 6.0-mm tunnel. In our results, the
Med-lat cor locations were 22.78 � 2.80 mm in men and
20.21 � 2.97 mm in women. These findings suggest that sur-
geons should drill bone tunnels 4.5 mm in diameter at the base
of the coracoid process, at 9.14 and 7.86 mm medial to the lat-
eral margin in men and women, respectively. Moreover, due to
the shorter distance between the lateral margin and the bone
tunnel, surgeons should be more cautious in drilling the bone
tunnel in female patients. Regarding tunnel orientation,
Ferreira et al.29 suggested that when drilling a bone tunnel in
the coracoid process, center–center or medial–center tunnel
orientations may provide fewer risks of coracoid fracture.
Hence, 4.5-mm bone tunnels in the coracoid process should be
located 28.02 � 3.43 and 25.20 � 3.26 mm from the tip of the
coracoid process with center–center or medial–center tunnel
orientations in men and women, respectively, with additional
caution in female patients in performing the procedure.

Optimal Locations of Bone Tunnels in the Clavicle
According to Patient Sex and Sides
Previous studies have proposed different methods for drilling
bone tunnels in the clavicle,8,11,15,18–21,30,31 including drilling

TABLE 1 Sex differences in measurements of the coracoid process and clavicle (x� s)

Parameters Male Female Total t p

N 270 213 483 / /
cP-ac (mm) 29.24 � 3.84 26.66 � 3.45a 28.10 � 3.89 7.730 <0.001
Ap-clav (mm) 18.27 � 2.46 16.10 � 2.30a 17.31 � 2.62 9.884 <0.001
cP-cor (mm) 28.02 � 3.43 25.20 � 3.26a 26.78 � 3.63 9.154 <0.001
Med-lat cor (mm) 22.78 � 2.80 20.21 � 2.97a 21.65 � 3.14 9.734 <0.001
Cc-clav (mm) 10.09 � 1.56 8.91 � 1.40a 9.57 � 1.60 8.649 <0.001
Cc-cor (mm) 15.11 � 2.13 13.03 � 1.77a 14.19 � 2.23 11.692 <0.001

Abbreviation: Ap-clav, distance between the anteroposterior margin of the clavicle through point cP; Cc-clav, craniocaudal segment of the clavicle; Cc-cor,
craniocaudal segment of the coracoid process; cP-ac, distance from point cP to the acromioclavicular joint; cP-cor, distance from point cP to the tip of the coracoid
process; Med-lat cor, distance between the medial and lateral margins of the coracoid process through point cP.; a p < 0.05 versus male.

TABLE 2 Sides differences in measurements of the coracoid process and clavicle (x� s)

Parameters Right Left Total t p

N 247 236 483 /
cP-ac (mm) 28.56 � 4.06 27.60 � 3.65a 28.10 � 3.89 2.729 0.007
Ap-clav (mm) 17.41 � 2.74 17.20 � 2.50 17.31 � 2.62 0.882 0.378
cP-cor (mm) 26.67 � 3.66 25.20 � 3.26 26.78 � 3.63 0.724 0.469
Med-lat cor (mm) 21.67 � 3.18 21.62 � 3.11 21.65 � 3.14 0.161 0.873
Cc-clav (mm) 9.53 � 1.65 9.62 � 1.55 9.57 � 1.60 0.625 0.532
Cc-cor (mm) 14.02 � 2.31 14.38 � 2.14 14.19 � 2.23 1.750 0.081

Abbreviations: Ap-clav, distance between the anteroposterior margin of the clavicle through point cP; Cc-clav, craniocaudal segment of the clavicle; Cc-cor,
craniocaudal segment of the coracoid process; cP-ac, distance from point cP to the acromioclavicular joint; cP-cor, distance from point cP to the tip of the coracoid
process; Med-lat cor, distance between the medial and lateral margins of the coracoid process through point cP.; a p < 0.05 versus right.
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two8,15,18,19 or one hole.11,20,21,30,31 In procedures involving two
holes, these are frequently drilled at the insertion of the conoid
and trapezoid ligaments. Mazzocca et al.8 created bone tunnels
45 mmmedial to the acromioclavicular joint for the conoid lig-
ament and 15 mm lateral to the first hole for the trapezoid liga-
ment. Many procedures involving one hole frequently drilled a
hole at the midpoint between the center of the insertion of the
conoid and trapezoid ligaments. Coale et al.21 defined bone
tunnels at 36.3 mm in men and 32.9 mm in women medial to
the acromioclavicular joint. Regarding the differences between
single and double tunnels for CCL reconstruction, Banffy
et al.31 demonstrated equivalent biochemical properties of sin-
gle tunnels, with a theoretically lower risk of clavicle fracture to
those of double tunnels. Therefore, it is reasonable for surgeons
to reconstruct CCL with a single tunnel. Xue et al.26 measured
a series of clavicle parameters in a Chinese population,
reporting that the conoid ligament was 37.7 � 2.7 mm and
33.7 � 3.0 mm medial to the acromioclavicular joint and
11.8 � 3.5 mm and 13.3 � 1.3 mm posterior to anterior mar-
gin of the clavicle in men and women, respectively. They also
reported that the trapezoid ligament was 23.0 � 1.3 mm and
20.8 � 3.2 mm medial to the acromioclavicular joint and was
9.8 � 1.6 mmand 9.0 � 0.7 mm posterior to the anterior mar-
gin of the clavicle, respectively. These measurements cor-
responded to midpoints between the center of insertion of the
conoid and trapezoid ligaments of 30.35 mm in men and
27.25 mm in women medial to the lateral edge of the clavicle
and 10.8 mm in men and 11.15 mm in women posterior to the
anterior margin of the clavicle. In the present study, the cP was
located 29.24 and 26.66 mm medial to the lateral edge of the
clavicle in men and women, respectively, similar to the results
reported by Xue et al. Therefore, a 4.5-mm bone tunnel located
at 29.24 and 26.66 mm medial to the lateral edge of the clavicle
and10.8 and 11.15 mm posterior to the anterior margin of the
clavicle are recommended in men and women, respectively.

Strengths and Limitations
The study’s strengths is that we applied the method of over-
lapping CT images of the coracoid process and clavicle to a
Chinese population to guide the clinical selection of accurate
location of coracoclavicular ligament repair. The limitations
of our study include (i) the need for additional biomechani-
cal tests to assess the applicability of point cP in clinical
practice and (ii) the need to assess the generalizability of
these findings beyond the Chinese population in this study.

Conclusion

The results of this study demonstrated the use of CT scans
to identify point cP for the insertion of bone tunnels for

CCL reconstruction. In clinical practice, surgeons can drill holes
at 28.02 � 3.43 and 25.20 � 3.26 mm from the tip of the cora-
coid process in men and women, respectively. The medial-
lateral widths through the holes in the coracoid process were
22.78 � 2.80 mm in men and 20.21 � 2.97 mm in women,
with thicknesses of 15.11 � 2.13 and 13.03 � 1.77 mm,

respectively. Holes should also be drilled at 29.24 � 3.84
mmand 26.66 � 3.45 mm from the holes in the clavicle to the
acromioclavicular joint in men and women, respectively. The
anteroposterior widths through the holes were
18.27 � 2.46 mm in men and 16.10 � 2.30 mm in women,
with thicknesses of 10.09 � 1.56 mm and 8.91 � 1.40 mm,
respectively. The small measurements in female patients com-
pared to those in male patients indicate the need for additional
caution in performing the procedure in women.
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