Analysis of the Capsule and Ligament Insertions About the

Acromioclavicular Joint: A Cadaveric Study
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Purpose: The purpose of this study was to analyze the capsular and ligamentous insertions about the
acromioclavicular (AC) joint to determine the amount of bone that can be removed without
destabilizing the joint. Methods: We dissected 28 cadaveric shoulders. The AC ligament insertions
were measured under loupe magnification with a digital caliper on the acromial and clavicular sides
on the anterior, posterior, superior, and inferior edges. We measured the distance to the coracoacro-
mial (CA) and coracoclavicular ligaments. In addition, the axial and coronal angle of the AC joint
was measured. Results: The AC joint capsular insertion on the acromion begins, on average, 2.8 mm
(range, 2.3 to 3.3 mm) from the medial acromion and begins on the lateral clavicle a mean of 3.5 mm
(range, 2.9 to 3.9 mm) from the distal clavicle. The mean capsular width ranged from 1.6 to 2.9 mm.
The mean distance from the medial acromion to the CA ligament insertion was 3.5 mm. The mean
axial angle of the AC joint was 51°, with a 12° coronal angle. The mean distance from the lateral
clavicle to the start of the trapezoid ligament was 14.7 mm, and that to the conoid ligament was 32.1
mm. Conclusions: An anatomic-based recommendation for safe AC joint resection is that 2 to 3 mm
of the medial acromion and 3 to 4 mm of the distal clavicle can be resected without removing the AC
capsular insertions. The trapezial and CA attachments are in close proximity to the AC capsular
insertions. Medial resections greater that 15 mm will begin to take down the trapezoid ligament.
Arthroscopic bone resection should be directed into the AC joint at approximately 50° in the axial
plane and 12° in the coronal plane for safe symmetric resection. Clinical Relevance: These anatomic
measurements suggest that AC joint resections (5 to 7 mm) with 2 to 3 mm from the acromial side
and 3 to 4 mm from the clavicular side will not disrupt the stabilizing ligaments of the AC joint after
distal clavicle resection. Key Words: Acromioclavicular joint—Acromioclavicular ligaments—
Mumford—Coracoacromial ligament.

Indications for distal clavicle excision include chronic
painful instability, post-traumatic arthritis, chronic
symptomatic osteolysis, and chronic idiopathic osteo-
arthritis.!? In addition, patients with instability of the
distal clavicle often also need ligament reconstruction
of the coracoclavicular (CC) ligaments with or with-
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out supplementation.? Open distal clavicle excision
was simultaneously described by Mumford?® and
Gurd* in 1941. Published recommendations since
these original descriptions have recommended distal
clavicle excision ranging from 0.5 to 2.5 cm.!-3-5-14
Arthroscopic resection has become preferred by many
surgeons with a potential advantage of less soft-tissue
disruption.>!2.14.15 Both direct and bursal approaches
have been described.!® Several clinical studies have
reported postoperative instability, pain, or weakness
after distal clavicle resection.?-6-%-11 It is important to
excise enough bone from the distal clavicle to ade-
quately relieve pain but to leave enough of the liga-
mentous insertions to provide stability in all planes.
The acromioclavicular (AC) joint anatomy and sup-
porting ligamentous structures have been described
historically by Urist!” in 1946, followed by DePalma'8
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in 1963. Recent cadaveric and biomechanical studies
have further delineated the specific roles of the AC
ligaments as well as the CC ligaments.!0-19:20 Only 2
studies have looked specifically at the insertions of the
AC capsule and ligaments in relation to the AC joint.
Boehm et al.” performed cadaveric dissections on 36
cadaveric shoulders and measured only the distance from
the lateral end of the clavicle to the insertion of the
superior AC ligament. Renfree et al.?! measured the
ligamentous insertions within the AC joint in 3 cadaveric
shoulders, looking specifically at the superior AC liga-
ment at both the clavicular and acromial edges.

Biomechanical studies have shown that the AC
capsule and ligaments act as a primary constraint for
posterior displacement and posterior axial rotation of
the clavicle.!® Further studies have confirmed that the
AC ligaments and capsule provide anterior-posterior
stability whereas the CC ligaments provide superior-
inferior stability.10.13.20

The purpose of this study was to better define the
capsular and ligamentous insertions about the AC joint
on both the clavicular and acromial sides to determine
how much bone can safely be removed from the distal
clavicle and medial acromion without removing or in-
juring these important stabilizing structures.

METHODS

Twenty-eight cadaveric shoulders were dissected
and macroscopically examined. Six shoulders were
excluded because of evidence of AC injury or lack of
necessary structures. The age and gender of the spec-
imens were unknown. Each specimen was prepared by
removing the skin and muscular attachments of the

deltoid, pectoralis major, subclavius, and trapezius.
All specimens were soaked in hydrogen peroxide for
better visualization. The AC joint, CC ligaments, and
coracoacromial (CA) ligaments were preserved. The
AC joint was incised from anterior to posterior, mak-
ing it possible to visualize the insertion of the AC joint
capsule on the medial acromion and the lateral clavi-
cle from inside the joint. A digital caliper (accuracy to
0.02 mm) combined with the use of 3.5X loupe mag-
nification was used to determine anatomic measure-
ments at 2 independent times by the same examiner.
Measurements were made on the anterior, posterior,
superior, and inferior edges on the acromial and cla-
vicular sides of the AC joint (Fig 1). In addition, the
proximity and width of the CA ligament were mea-
sured in relation to the AC joint surface. The distance
from the lateral end of the clavicle to the lateral and
medial extents of the trapezoid and conoid ligaments
was measured.

The angle of the AC joint in relation to the shaft of
the clavicle in 2 planes was measured with a 1-mm-
wide metal ruler placed inside the AC joint. The angle
created by the ruler and the center axis of the shaft of
the clavicle was measured with a goniometer (Fig 2).

RESULTS

Three specimens had evidence of significant osteo-
phyte formation on all edges of the AC joint. All other
specimens had no significant findings of AC arthrosis.
No specimens displayed an intra-articular disk.

As shown in Table 1, the mean distance from the
medial acromion to the lateral intra-articular capsular
insertion (a) was 3.3 mm (range, 2.2 to 6.1 mm), 2.3

Ficure 1. Capsule and ligament measurements
of right-sided AC joint. CA ligament measure-
ments include the distance from the medial ac-
romion to start of the CA ligament insertion (1)
and from the medial acromion to the end of the
CA ligament insertion (2) along the inferior bor-
der of the acromion. The close proximity of the
CA ligament with the anteroinferior aspect of the
AC joint should be noted. A, distance from me-
dial acromion to end of capsuloligamentous in-
sertion; a, distance from medial acromion to lat-
eral intra-articular capsular insertion; C, distance
from lateral clavicle to end of capsuloligamen-
tous insertion; ¢, distance from lateral clavicle to
medial intra-articular capsular insertion.
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FIGURE 2. Measurements made in (A) coronal and (B) axial
planes with respect to clavicular shaft. The unique shape of the AC
joint should be respected during arthroscopic resections to preserve
the AC ligament insertions.

mm (range, 1.1 to 3.5 mm), 3.0 mm (range, 0.6 to 5.5
mm), and 2.4 mm (range, 1.0 to 5.3 mm) for the
anterior, posterior, superior, and inferior clavicular
surfaces, respectively. The mean distance from the
medial acromion to the end of the capsuloligamentous
insertion (A) was 5.6 mm (range, 3.9 to 9.0 mm), 4.3
mm (range, 4.1 to 6.2 mm), 5.3 mm (range, 3.0 to 8.5
mm), and 4.0 mm (range, 3.3 to 6.5 mm) for the
anterior, posterior, superior, and inferior clavicular
surfaces, respectively. This gave a mean width of the
capsuloligamentous insertion (A — a) on the acromial
side of the AC joint of 2.4 mm (range, 1.2 to 4.6 mm),
2.1 mm (range, 1.1 to 4.4 mm), 2.5 mm (range, 1.1 to
4.5), and 1.6 mm (range, 1.0 to 3.1 mm) for the
anterior, posterior, superior, and inferior borders, re-
spectively (Fig 3).

The mean distance from the lateral clavicle to the
medial intra-articular capsular insertion (c) was 3.8

mm (range, 2.0 to 5.1 mm), 3.5 mm (range, 1.6 to 6.2
mm), 3.9 mm (range, 2.1 to 6.3 mm), and 2.9 mm
(range, 1.8 to 5.2 mm) for the anterior, posterior,
superior, and inferior clavicular surfaces, respectively.
The mean distance from the lateral clavicle to the end
of the capsuloligamentous insertion (C) was 6.4 mm
(range, 4.0 to 8.3 mm), 6.3 mm (range, 4.0 to 8.1 mm),
6.6 mm (range, 4.0 to 9.3 mm), and 5.4 mm (range,
3.9 to 8.8 mm) for the anterior, posterior, superior, and
inferior clavicular surfaces, respectively. This gave a
mean width of the capsuloligamentous insertion (C —
¢) around the clavicular side of the AC joint of 2.2 mm
(range, 1.0 to 5.2 mm), 2.9 mm (range, 1.1 to 4.5 mm),
2.8 mm (range, 1.2 to 4.2 mm), and 2.8 mm (range,
1.0 to 5.1 mm) for the anterior, posterior, superior, and
inferior borders, respectively (Fig 4).

The mean distance from the medial acromion to the
beginning of the CA ligament insertion on the inferior
acromion was 3.5 mm (range, 1.7 to 5.7 mm) with the
end of this insertion at 10.6 mm (range, 7.0 to 16.1
mm). The mean width of the CA ligament insertion
was 7.3 mm (range, 4.1 to 13.2 mm) at the anteroin-
ferior border. Of the specimens, 4 (18%) had bipartite
CA ligaments. All specimens showed fibers connect-
ing the insertion of the CA ligament on the acromion
with the inferior AC capsule.

The mean distances from the end of the lateral
clavicle to the beginning of the trapezoid and conoid
ligaments were 14.7 mm (range, 8.0 to 20.6 mm) and
32.1 mm (range, 23.2 to 46.4 mm), respectively. The
mean widths of these ligaments were 16.0 (range, 9 to
21.1 mm) and 15.6 mm (range, 10.9 to 20 mm),
respectively.

The angle through the AC joint in the axial plane of
the clavicle was a mean of 50.7° (range, 42.1° to
56.8°). The angle measured from a line created
through the AC joint in the coronal plane to the center
of the clavicle was, on average, 12.2° (range, 6.3° to
25.7°) (Fig 2).

DISCUSSION

Awareness of the functional importance of the lig-
aments surrounding the distal clavicle and AC joint
has grown over time. Improved cadaveric models and
biomechanical analysis have allowed surgeons to bet-
ter appreciate the complex interplay of this anatomy.
Optimal AC joint stability must be achieved to ensure
painless long-term function in an active shoulder.
Urist!7 found that if the CC ligaments were sectioned
but the AC ligament was intact then no instability of
the AC joint was observed. Fukuda et al.'® showed
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TABLE 1. AC Ligament and Capsular Measurements

Clavicular Surface Anterior Posterior Superior Inferior
Acromial (mm)

A 5.6 (3.9-9.0) 4.3 (4.1-6.2) 5.3(3.0-8.5) 4.0 (3.3-6.5)

a 3.3(2.2-6.1) 2.3 (1.1-3.5) 3.0 (0.6-5.5) 2.4(1.0-5.3)
Thickness (mm)

A-a 2.4 (1.2-4.6) 2.1(1.1-4.4) 2.5(1.1-4.5) 1.6 (1.0-3.1)
Clavicle (mm)

C 6.4 (4.0-8.3) 6.3 (4.0-8.1) 6.6 (4.0-9.3) 5.4 (3.9-8.8)

c 3.8 (2.0-5.1) 3.5(1.6-6.2) 3.9 (2.1-6.3) 2.9(1.8-5.2)
Thickness (mm)

C-c 2.2 (1.0-5.2) 2.9 (1.1-4.5) 2.8 (1.2-4.2) 2.8 (1.0-5.1)

NOTE. Data are presented as mean (range). Resections of greater than 4 mm on the acromial side and
resections of greater than 6 mm on the clavicular side will take down the AC ligaments in most patients.
Abbreviations: A, distance from medial acromion to end of capsuloligamentous insertion; a, distance
from medial acromion to lateral intra-articular capsular insertion; C, distance from lateral clavicle to end
of capsuloligamentous insertion; c, distance from lateral clavicle to medial intra-articular capsular

insertion.

that the AC ligaments provide 90% of the constraint to
posterior displacement in small and large amounts of
loading. Debski et al.! used a robotic force-moment
sensor model on cadavers after transecting the AC
capsule to show that there was a 100% increase in
anteroposterior translation without superior translation
accompanied by a significant increase in forces across
the CC ligaments. Branch et al.® performed sequential
sectioning of the AC ligaments after 5 mm of distal
clavicle resection and determined that no bone-to-
bone contact occurs with this amount of resection.
Edwards et al.?? also confirmed that no bone-on-bone
contact occurs after 5 mm of distal clavicle resection
in a biomechanical model that places the AC joint

FIGure 3. Mean acromial AC ligament widths about medial
acromion (A). One should appreciate that the CA ligament is
contiguous with the anteroinferior AC capsule and ligaments.

under compressive loads. However, Miller et al.'¢
showed increased posterior translation of the distal
clavicle after 5 mm of distal clavicle resection arthro-
scopically by both the direct approach and the indirect
approach. All of these studies illustrate the importance
of the AC capsule and ligaments when translational
and rotational forces act on the distal clavicle. Any
surgical intervention on the AC joint must minimize
disruption of these stabilizing structures.

Boehm et al.” found that the superior AC capsulo-
ligamentous insertions end, on average, 7.5 mm
(range, 0.4 to 12.0 mm) from the distal clavicle. On
the basis of measurements of only the superior sur-
face, 97% of the capsule, 8% of the trapezoid, and 0%

Anterior; 22 mm

Superior:

Posterior:
2.9mm

Inferior: 2.8 mm

FIGURE 4. Mean clavicular AC ligament widths about distal clav-
icle (C). One should appreciate the attachment of the trapezius
fascia into the posterosuperior AC capsule and ligament.



