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Biarthrodial acromioclavicular (AC) joint stability is pas-
sively provided by the integrated function of the AC liga-
ments, the coracoacromial ligament, and, foremost, the
coracoclavicular (CC) ligaments.6,8,13 The CC complex, con-
sisting of the conoid and the trapezoid ligament, is considered

the prime suspensory restraint of the AC joint against supe-
rior and posterior translation of the distal clavicle with
respect to the scapula.13,19 In AC joint dislocations, classified
by Rockwood as types IV through VI, the CC ligaments are
ruptured and surgical treatment is recommended.32 As most
operative techniques do not restore the ligament shape and
stability of the native AC joint, resulting in complications
such as persistent instability and procedure failures,9,21,22,24

new evidence suggests addressing the CC ligament complex
in an anatomic fashion to improve the clinical outcome and
minimize the complication rate.6,14,19 Recently, different meth-
ods have been described for anatomic replacement of the CC
ligaments.10,17,24,37 For that reason, the anatomy of the cora-
coid, the clavicle, the CC ligaments, and their clavicular inser-
tions has been described to precisely render the AC joint
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Background: Current surgical procedures restoring a dislocated acromioclavicular joint aim to perform an anatomically correct
and biomechanically stable reconstruction. However, the coracoidal insertions for the coracoclavicular ligaments have not yet
been defined.

Purpose: The objective was to evaluate dimension and orientation of the coracoclavicular footprints with respect to bony land-
marks for use in anatomic reconstruction of the coracoclavicular ligament complex.

Study Design: Descriptive laboratory study.

Methods: Twenty-three (17 female, 6 male) fresh-frozen cadaveric human shoulders were dissected, and the coracoclavicular
ligaments including the coracoid and the lateral clavicle were exposed. After measurement of bony coracoidal dimensions, the
ligaments were dissected and the insertion sites as well as the footprint centers were identified and marked. Each coracoclav-
icular insertion dimension and its distance to the bony landmarks was recorded. Sex-related differences were calculated.

Results: The mean total coracoidal length was 43.1 ± 2.2 mm. The distance from the tip of the coracoid to the precipice, the
point at which the undersurface of the coracoid changes from a horizontal to a vertical direction, measured 20.3 ± 2.6 mm. The
mean distance from the conoidal center to the medial coracoidal boarder and to the precipice was 1.7 ± 0.7 mm and 16.4 ±
2.4 mm, respectively. The mean distance from the trapezoidal center to the medial border and to the precipice was 8.7 ± 3 mm
and 10.9 ± 2.4 mm, respectively. The mean distance between the footprint centers was 10.1 ± 4.2 mm.

Conclusion: Reproducible dimensions and orientation of the coracoclavicular footprints are given.

Clinical Relevance: Coracoidal anatomic landmarks can be used intraoperatively for an anatomic reconstruction of the coraco-
clavicular ligaments.
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shoulder
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anatomy.2,16,30,31 Even though Harris et al16 previously
described the geometric dimensions of the CC ligaments,
there are, to our knowledge, no data describing the coracoidal
insertion of the conoid and trapezoid ligaments with respect
to reproducible bony landmarks. Such information is neces-
sary to achieve correct anatomic CC ligament placement dur-
ing surgery, in particular because 2-tunnel AC joint
reconstruction techniques have been described lately.4,5,33

Therefore, the goals of this investigation are (1) to evaluate
the anatomy of the coracoid and the CC ligament insertion
sites and (2) to identify the individual orientation of each 
CC footprint with respect to the coracoid to aid in optimal
tunnel placement during anatomic 2-tunnel CC ligament
replacement.

MATERIALS AND METHODS

Specimens

In this investigation, 23 fresh anatomic human cadaveric
shoulders (8 paired female, 1 unpaired female, 1 paired
male, and 4 unpaired male) from 14 specimens were used.
After dissection of the deltoideus, the lateral half of the
clavicle as well as the complete coracoid including the CC
ligaments were harvested. The conoid and the trapezoid
were identified and prepared (Figure 1). The coracoidal
footprint of each ligament was clearly identified and pre-
cisely prepared. Afterward, each footprint insertion area
was circumferentially marked with a pen, and the liga-
ments were dissected leaving a short ligamentous stump
(Figure 2). Mediolateral and anteroposterior footprint
dimensions were measured, and each center was marked
accordingly (Figures 2 and 3).

Measurements

Measurements (in millimeters) were recorded by 3
observers blinded to the specimens and each other, using a
caliper with an accuracy of 0.1 mm (Mitutoyo, Maplewood,
New Jersey). Each observer performed each measurement
once. Interclass correlation coefficient (ICC) with calcu-
lated confidence intervals (CI) assessed intertester relia-
bility of each measurement. Coracoidal measurements
(Figures 3 and 4) included (1) distance from the tip to the
base (length), (2) distance from the tip to the precipice
(specific point at which the coracoidal undersurface propa-
gation changes from a horizontal to a vertical direction),
(3) height of the tip, (4) height of the base, (5) width of the
tip, (6) width of the base, (7) width of the precipice, (8)
width at the conoid footprint, and (9) width at the trape-
zoid footprint.

Coracoclavicular ligament footprint measurements and
distances to bony landmarks (Figures 3 and 5) included
conoid mediolateral (A) and anteroposterior dimensions
(B), as well as the distance from the footprint center to the
medial (C) and lateral (D) coracoidal border, to the base
(E), the tip (F), and the precipice (G); and trapezoid medi-
olateral (H) and anteroposterior (I) dimensions, as well as
the distance from the footprint center to the medial (J) and
lateral (K) coracoidal border, to the base (L), the tip (M),

Figure 1. Fresh anatomic sample of a left coracoid process
(cor) and lateral clavicle (cla) with prepared posteromedial
conoid (con) and anterolateral trapezoid (tra) ligaments.

Figure 2. Superior view of a left coracoid process after
resection of the coracoclavicular ligaments. The conoid (con)
as well as the trapezoid (tra) footprints are marked with a
pen. Each footprint center is exemplary defined.
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and the precipice (N). Furthermore, the direct distance
between footprint centers was measured (O).

Ratios representing the distance of the defined land-
marks (base, tip, precipice, and medial and lateral cora-
coidal border; see Figures 3-5) to each footprint center
divided by the total anteroposterior coracoidal length and

the total mediolateral coracoidal width at each footprint
center were calculated. All values are expressed as means
with standard deviations. An unpaired 2-tailed t test was
performed to identify differences between measurements
in male and female specimens. Significance was set at 
P < .05. Statistical analysis was performed using SPSS
software version 15 (SPSS Science Inc, Chicago, Illinois).

RESULTS

The measurements (total, male, and female), including stan-
dard deviation and gender differences of the coracoid process
as well as conoid and trapezoid footprints and their relation
to the coracoidal landmarks, are shown in Tables 1 and 2,
respectively. The mean coracoidal length (1) was 43.1 ± 2.2
mm. The distance from the tip of the coracoid to the precipice
(2) was 20.3 ± 2.6 mm. The height of the tip (3) was 8.2 ± 1
mm, while the height of the base (4) was 14.9 ± 2.4 mm. The
width of the tip (5) was 13.6 ± 2.1 mm, the width of the base
(6) was 14.1 ± 2.9 mm, and the width of the precipice (7)
measured 13.9 ± 1.6 mm.The average coracoidal width at the
conoid footprint (8) was 12.1 ± 3.3 mm, while it measured
13.2 ± 2.7 mm at the trapezoid footprint (9). Except the cora-
coidal width at the tip (5), all male coracoidal measurements
were significantly larger than female measurements. The
conoid ligament footprint stretches along and downward the

Figure 3. Coracoid process and coracoclavicular footprint
measurements from a superior view (left coracoid). The num-
bers and letters are explained in the Measurements section
of the article text.

Figure 5. Coracoclavicular footprint dimensions from a
superior view (left coracoid). The letters are explained in the
Measurements section of the article text.

Figure 4. Coracoid process measurements from a lateral
view. The numbers are explained in the Measurements sec-
tion of the article text.
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coracoidal medial border (Figure 1). Conoidal footprint meas-
urements were 4.4 ± 1.4 mm (mediolateral [A]) by 9.6 ± 2.5
mm (anteroposterior [B]). The distance from the conoidal
center to the medial border was 1.7 ± 0.7 mm (C), to the lat-
eral border 10.3 ± 2 mm (D), to the base 6.3 ± 3 mm (E), to
the tip 36.8 ± 3.7 mm (F), and to the precipice 16.4 ± 2.4 mm
(G). Trapezoidal footprint measurements were 5.7 ± 1.6 mm
(mediolateral [H]) by 15.2 ± 2.5 mm (anteroposterior [I]). The
distance from the trapezoidal center to the medial border
was 8.7 ± 3 mm (J), to the lateral border 4.4 ± 2.8 mm (K), to
the base 12.1 ± 2.8 mm (L), to the tip 31 ± 3.3 mm (M), and
to the precipice 10.9 ± 2.4 mm (N). The distance between the
2 footprint centers was 10.1 ± 4.2 mm (O). As shown in Table
2, the majority of footprint dimensions and distances were
significantly larger among male specimens. Additionally,
there were no significant differences between left and right
shoulders in paired specimens (n = 9) (data not shown).
Interobserver agreement was ICC = 0.80 to 0.99 for all cora-
coid and footprint measurements.The mean 95% CI was 0.59

for the lower limit (range, 0.25-0.95) and 0.99 for the upper
limit. Calculated ratios of each footprint distance to bony
landmarks are indicated in Table 3.

DISCUSSION

According to the literature, 9% of all shoulder girdle injuries
involve damage to the AC joint,32 while sports-related
injuries involving the shoulder have been estimated to com-
prise between 8% and 13% of all athletic injuries.18 Out of
these sports-related shoulder injuries, the AC joint separa-
tion accounts for 12% of dislocations of the shoulder gir-
dle.12,32 Traditional surgical techniques such as metallic
screws, suture augmentation, pinning, plates, or autogenous
tissue do not recreate anatomy and cannot provide the sta-
bility required to withstand common loads until biologic
healing has appeared.6,8,9,19,21,22 Furthermore, osteoarthritis,
redislocation, pain, malfunction, or deformity are frequently

TABLE 1
Total, Male, and Female Coracoidal Measurementsa

Coracoidal Measurements Total (N = 23) Male (n = 6) Female (n = 17) P Value

1 Length 43.1 ± 2.2 46 ± 1.9 42 ± 1.4 .01
2 Tip to precipice 20.3 ± 2.6 22.9 ± 1.1 20 ± 2.1 .01
3 Height of tip 8.2 ± 1 9.6 ± 0.9 7.8 ± 0.9 .04
4 Height of base 14.9 ± 2.4 15.4 ± 1.3 13.6 ± 1.7 .04
5 Width of tip 13.6 ± 2.1 15.2 ± 1.5 13.1 ± 2.2 .05
6 Width of base 14.1 ± 2.9 16.7 ± 2.9 13 ± 1.7 .01
7 Width of precipice 13.9 ± 1.6 15.2 ± 1.9 13.8 ± 1 .03
8 Width at conoid footprint 12.1 ± 3.3 15.5 ± 3.2 11.2 ± 2.1 .01
9 Width at trapezoid footprint 13.2 ± 2.7 16.2 ± 2.2 12.4 ± 2 .01

aAll values are expressed as mean ± standard deviation in mm. P value of unpaired 2-tailed t test was used to identify gender differences.

TABLE 2
Total, Male, and Female Footprint Measurementsa

Footprint Measurements Total (N = 23) Male (n = 6) Female (n = 17) P Value

A Footprint conoid med-lat 4.4 ± 1.4 5.2 ± 1.4 4 ± 1 .04
B Footprint conoid AP 9.6 ± 2.5 11.3 ± 2 8.8 ± 2 .02
C Conoid to medial border 1.7 ± 0.7 2.2 ± 0.8 1.5 ± 0.6 .08
D Conoid to lateral border 10.3 ± 2 13.4 ± 3.6 9.6 ± 2.5 .01
E Conoid to base 6.3 ± 3 6.9 ± 1.8 4.6 ± 1.9 .03
F Conoid to tip 36.8 ± 3.7 39.7 ± 2.1 36.9 ± 3.1 .06
G Conoid to precipice 16.4 ± 2.4 16.7 ± 1.6 16.8 ± 1.7 .97
H Footprint trapezoid med-lat 5.7 ± 1.6 6.8 ± 0.8 5 ± 0.9 .01
I Footprint trapezoid AP 15.2 ± 2.5 16.2 ± 0.8 14.4 ± 2.8 .04
J Trapezoid to medial border 8.7 ± 3 10.9 ± 2.8 7.6 ± 1.7 .01
K Trapezoid to lateral border 4.4 ± 2.8 5.6 ± 1.5 3.8 ± 1.4 .03
L Trapezoid to base 12.1 ± 2.8 13.8 ± 4.3 10.3 ± 3.3 .06
M Trapezoid to tip 31.1 ± 3.3 33.2 ± 1.5 31.2 ± 3 .17
N Trapezoid to precipice 10.9 ± 2.4 9.2 ± 1.7 11.8 ± 1.7 .01
O Trapezoid to conoid 10.1 ± 4.2 14.2 ± 3.3 8.7 ± 3.5 .01

aAll values expressed as mean ± standard deviation in mm. P value of unpaired 2-tailed t test was used to identify gender differences. AP,
anteroposterior; med-lat, mediolateral.
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reported problems associated with the above-described tra-
ditional techniques in AC joint surgery.15,22 Focusing on the
different techniques, the screw fixation between the clavicle
and the coracoid provides a very rigid technique and there-
fore carries the disadvantages of dissociation, loosening, and
even breakage, probably resulting in a persistent instability;
transarticular pins are nonanatomic and have been shown to
frequently lead to recurrent dislocations and osteolysis.11

Both techniques need a secondary operation for screw or pin
removal, increasing the risk of a secondary instability.3 A
similar problem can appear in the use of a hook-plate fixa-
tion that more closely resembles the stiffness of the native
AC joint, but it has been shown to be less stable than a screw
and it furthermore requires an extended open approach as
well as a secondary plate removal, where the hook is pulled
out in between the acromion and the clavicle.26 Synthetic
loops potentially lead to erosion through the clavicle or cora-
coid, anterior displacement, and the risk of late infection.36

The Weaver-Dunn procedure has been shown to be biome-
chanically weak,17 and 2 independent studies demonstrated
compromised results in patients who had residual subluxa-
tion or dislocation after surgery.34,36 Residual symptoms and
recurrent dislocations have led to the interest in creating
modified techniques. Because it was shown that anatomic
ligament positioning and replacement is crucial for optimal
joint function and stability,1,28,29 recent developments within
AC joint surgery seek to address the CC ligament complex
anatomically to gain optimal stability and function. The CC
ligaments originate from separate broad areas at the inferior
clavicle and taper cephalocaudally to smaller insertion sites
at the posterior aspect of the coracoid. The conoid rises, pro-
ceeds, and inserts posterior to the trapezoid at the dorsum of
the coracoid (Figure 1) to provide optimal stabilization in
both the vertical as well as the horizontal plane during
shoulder motion.7,16,30,31 Each ligament has a different role in
providing AC joint stability in response to various loading

conditions.8,20 In vitro biomechanical studies have concluded
that anatomic AC joint reconstruction can provide physio-
logic stability and may improve the clinical outcome.6,9,14,19,24

Dimakopoulos et al10 were the first to describe an anatomic
technique in vivo using double-loop sutures for repair of
acute AC joint disruptions in 38 patients with good clinical
outcome. However, comparable to other recently described
surgical techniques for CC reconstruction, it is not com-
pletely anatomic.23,24,32,38 All these techniques replace or
reconstruct the CC ligaments with 1 structure or a single
coracoidal insertion site, but they do not account for the sep-
arate anatomic role and insertion of each ligament.8,20,25,27,37

Various anatomic studies have already evaluated the
anatomy of the CC ligaments, the lateral clavicle, and the
relation of the ligaments to the AC joint in detail.2,16,30

Comparable to our measurements, Harris et al16 furthermore
described the coracoidal CC footprints to measure 10.6 mm
by 4.4 mm (conoid) and 14 mm by 4.8 mm (trapezoid). To
improve anatomic reconstruction, Rios et al31 defined the
exact clavicular insertion points of each CC ligament with
respect to the lateral edge of the clavicle for intraoperative
orientation during AC joint stabilization surgery. No such
description is available for the ligamentous footprint of the
coracoidal insertion sites. As a complex 3-plane motion pat-
tern exists within the diarthrodial AC joint, restoration of the
native anatomy is crucial for stability and function. Thus, it
seems to be important to reestablish the native ligamentous
footprint of both CC ligaments.8,20,25 Therefore, this study
describes the exact location of each CC footprint in relation
to the mediolateral coracoidal borders, to the coracoidal base,
tip, precipice, and to each other. Because it has recently been
described that an anatomic double-bundle AC joint recon-
struction leads to a favorable clinical outcome5 and as well
provides an initial stability superior to the native CC liga-
ments,35 exact knowledge of each CC footprint location may
assist the surgeon intraoperatively to improve the outcome.

In conclusion, the knowledge of the exact anatomic
insertion point of the conoid and trapezoid ligament at the
coracoid process can assist the surgeon in performing
anatomic reconstruction of the CC ligaments, treating an
acute or chronic AC joint instability.
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