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Background: The aim of this study was to find reliable anatomic landmarks of the normal acromiocla-
vicular joint (ACJ) that could enable the precise evaluation of the horizontal displacement of the clavicle
after dislocation. The hypothesis was that the anterior borders of the acromion and the clavicle are always
aligned in intact ACJs.
Materials and methods: In 30 cadaveric specimens, the anterior and posterior borders of the ACJ’s ar-
ticular facets and the most prominent anterior and posterior bony landmarks of the acromion and the clavicle
were identified. The anterior and posterior overhang of the acromion and the clavicle was measured in
relation to the borders of the articular facets. Therefore, the possible anterior and posterior alignment of
the ACJ was evaluated.
Results: Anteriorly, only 18 ACJs (60%) were aligned whereas 7 (24%) had major overhang of the ac-
romion and 3 (10%) had major overhang of the clavicle. Similarly, 18 cases (60%) were posteriorly aligned,
whereas 6 (20%) had major clavicular overhang and 4 (14%) had major overhang of the acromion. In 78%
of these cases, the ACJ was aligned as well anteriorly as posteriorly (P < .001). Finally, the larger the width
of the acromion (P = .032) or the clavicle (P = .049), the better the posterior joint alignment.
Conclusion: Our hypothesis was not verified. The acromion and clavicle are not perfectly aligned in a
significant number of specimens with intact ACJs (40% of cases). The most reliable landmarks remain
their articular facets.
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search Act 810.30).
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Numerous studies have reported on newer surgical tech-
niques and functional outcomes of acromioclavicular (AC)
injuries, with promising postoperative results.2,3,5,8,15,18,20

However, controversy still exists regarding the initial treat-
ment algorithm1 and the postoperative reduction results,
especially in the axial plane.20

For several decades, the Rockwood classification has served
as the reference not only for describing AC joint disloca-
tions but also as a treatment guideline.12 Although there is a
paucity of high-quality evidence, conservative treatment is
recommended for type I and II injuries whereas surgical in-
tervention is preferred for types IV, V, and VI, and the treatment
of type III injuries is highly debated.1 The Rockwood clas-
sification relies on distinguishing vertical and horizontal
displacement. Vertical displacement is evaluated by measur-
ing the coracoclavicular distance on comparative Zanca views,21

which is between 25% and 100% for type III injuries and over
100% for type V. However, there are no firm guidelines for
the radiographic evaluation of the posterior displacement char-
acteristic of type IV injuries.

Furthermore, there are limited data on the anatomic varia-
tions of AC joint alignment on axillary radiographs. For the
most part, the anterior border of the acromion is taken as the
reference point compared with the anterior clavicle.13 There-
fore, the diagnosis of a type IV injury is dependent on the clinical
evaluation of whether the clavicle is truly locked posteriorly
in the trapezius. Although Rockwood reported only 4 type IV
cases out of 520 AC joint dislocations (0.8%), some authors
have suggested that this type might be underdiagnosed.10,14,19

Finally, during AC joint reconstruction, no clear bony land-
marks or reference points have been described; therefore,
surgeons unofficially aim to align the anterior border of the ac-
romion with the anterior border of the clavicle.

The aim of this study was to evaluate the intact AC joint
and find reliable anatomic landmarks and possible normal
variations that could further enable the precise estimation of
the horizontal displacement of the clavicle after dislocation.
The hypothesis was that the anterior border of the acromion
and anterior border of the clavicle are always aligned in intact
AC joints.

Materials and methods

Specimens

We evaluated 35 (20 right and 15 left) fresh-frozen cadaveric speci-
mens with an intact scapula and clavicle articulation. One cadaver
was excluded for possible previous AC joint surgery, and 4 were
excluded because of hypertrophic arthritic changes that limited iden-

tification of bony landmarks. This left 30 shoulders (12 male and
18 female cadavers with a mean age of 70 years [range, 44-97 years])
for the final analysis.

Surgical dissection: measurement methods

The specimens were secured with a clamp on the medial scapula
and mounted onto an aluminum frame simulating the beach-chair
position. The skin, subcutaneous tissue, and overlying trapezius and
deltoid muscle were completely removed to skeletonize the clavi-
cle and the acromion. The superior capsule of the AC joint was
excised with the disk if present. The anterior (A) and posterior (P)
borders of the capsule were preserved, marked, and connected with
a straight line (AP line). Then, 2 parallel lines perpendicular to the
AP line were created that passed through points A and P (Fig. 1).

Thereafter, the most anterior extra-articular edges of the acro-
mion and the clavicle were recognized and marked. Next, 2 anterior
parallel lines perpendicular to the AP line were drawn: one passing
at the most anterior edge of the acromion (acromion anteriorly [ACA])
to define the anterior oversizing of the acromion and the other passing
at the most anterior edge of the clavicle (clavicle anteriorly [CLA])
to define the anterior oversizing of the clavicle (Fig. 1). After the
aforementioned lines were created and the anterior bony land-
marks defined, the following distances were measured: (1) the ACA-A
distance between the anterior edge of the acromion (ACA) and the
anterior capsule (A) and (2) the CLA-A distance between the an-
terior edge of the clavicle (CLA) and the anterior capsule (A). Finally,
the difference between ACA-A and CLA-A gave the anterior align-
ment of the AC joint (AAL).

The same procedure was followed for the posterior part of the
AC joint. The most posterior edge of the acromion and the clavi-
cle were marked, and 2 posterior parallel lines perpendicular to the
AP line were drawn: one passing at the most posterior edge of the
acromion (acromion posteriorly [ACP]) to define the posterior
oversizing of the acromion and the other passing at the most pos-
terior edge of the clavicle (clavicle posteriorly [CLP]) to define the
posterior oversizing of the clavicle (Fig. 1). Again, the following
distances were measured: (1) the ACP-P distance between the pos-
terior edge of the acromion (ACP) and the posterior capsule (P) and
(2) the CLP-P distance between the posterior edge of the clavicle
(CLP) and the posterior capsule (P). Finally, the difference between
ACP-P and CLP-P gave the posterior alignment of the AC joint (PAL).

On the basis of the aforementioned measurements, the anterior and
posterior alignment of the AC joint was classified as aligned, as having
minor overhang, or as having major overhang. Overhang was inde-
pendently classified as due to the clavicle or the acromion. Overhang
of the clavicle or acromion of less than 1 mm was considered aligned.
Overhang of between 1 and 2 mm was considered minor. Overhang
greater than 2 mm was considered major. According to this classifi-
cation, 5 possible anatomic variations were found anteriorly or
posteriorly: aligned joint, minor acromial overhang, minor clavicu-
lar overhang, major acromial overhang, and major clavicular overhang.
After the aforementioned measurements were taken, the AC joint
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capsule was dissected to expose the articular surfaces and to measure
the width of the acromion and the distal clavicle (Fig. 2).

Statistical analysis

After checking for the linear relationship between the continuous
variables, we found a monotonic-type relationship. Thereafter, non-
parametric Spearman correlation and the nonparametric Kruskal-
Wallis test were preferred. Categorical variables were also compared
with the χ2 test. Statistical significance (P value) was set at P < .05.
Statistical analysis was performed with SPSS software (version 22.0;
SPSS, Chicago, IL, USA).

Results

The mean width of the articular surface was 24.3 ± 3 mm
(range, 17-30 mm) for the acromial side and 24.6 ± 3 mm
(range, 17-30 mm) for the clavicular side. Despite the ex-
clusion of the cases with hypertrophic arthritic changes,
because of the age of the specimens, a correlation analysis
between the size of the bony landmarks and age was per-
formed. No significant correlation was found (rs = 0.07, P = .9).

The mean anterior overhang of the acromion (ACA-A dis-
tance) was 2.6 ± 2.6 mm (range, 0-10 mm), whereas the mean
anterior oversize of the clavicle (CLA-A distance) was
2.2 ± 1.9 mm (range, 0-5 mm). Subsequent statistical anal-

ysis showed that the anterior oversize of the acromion was
not statistically significantly larger compared than that of the
clavicle (P = .335). The mean AAL distance was 0.5 ± 2.8 mm
(range, −5 + 7 mm). Eighteen (60%) of the AC joints were
aligned anteriorly, 1 (3%) had minor overhang of the acro-
mion, 1 (3%) had minor overhang of the clavicle, 7 (24%)
had major overhang of the acromion, and 3 (10%) had major
overhang of the clavicle (Fig. 3, a). Therefore, major mis-
alignment anteriorly was found in 10 cases (34%).

Regarding the posterior part of the AC joint, the mean pos-
terior oversize of the acromion (ACP-P distance) was
2.4 ± 2.4 mm (range, 0-10 mm) and the mean posterior over-
size of the clavicle was 2.5 ± 2.4 mm (range, 0-8 mm). Again,
the difference between them was not statistically significant
(P = .638). The mean PAL distance was −0.1 ± 2.6 mm (range,
−4 to +6 mm). Of the AC joints, 18 (60%) were posteriorly
aligned, 1 (3%) had minor overhang of the acromion, 1 (3%)
had minor overhang of the clavicle, 4 (14%) had major over-
hang of the acromion, and 6 (20%) had major overhang of
the clavicle (Fig. 3, b). Therefore, major misalignment pos-
teriorly was found in 10 cases (34%).

A strong positive correlation between the width of the ar-
ticular surfaces of the acromion and the clavicle was observed
(rs = 0.9, P < .001). In our effort to investigate whether the mean
alignment was better anteriorly or posteriorly, the comparison
between theAALand PALdistances again showed no statistical

Figure 1 Photograph (a) and drawing (b) showing measurement methods used in study. The anterior (A) and posterior (P) borders of the
capsule were marked and connected with a straight line (AP line). Two parallel lines perpendicular to the AP line were created that passed through
points A and P. Two anterior parallel lines perpendicular to the AP line were drawn: one passing at the most anterior edge of the acromion
(acromion anteriorly [ACA]) and the other passing at the most anterior edge of the clavicle (clavicle anteriorly [CLA]). The same procedure was
followed for the posterior part of the joint, and the lines passing from the acromion posteriorly (ACP) and clavicle posteriorly (CLP) were drawn.

Figure 2 The articular surfaces of the clavicle (a) and acromion (b) were exposed, and their width was measured. A, anterior; P, posterior.
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significance (P = .447). The χ2 test showed that in 78% of the
cases in which the AC joint was characterized as aligned an-
teriorly, it was at the same time perfectly positioned posteriorly
(P < .001). In addition, in 80% of the specimens in which the
acromion had major anterior overhang, the clavicle had the same
major overhang posteriorly (P < .001).

We investigated whether the anterior or posterior align-
ment of the AC joint depends on the size of the articular surfaces
of the acromion or the clavicle. The position of the AC joint
anteriorly and the distribution of aligned joints or joints with
major or minor overhang was independent from the articular
size of the acromion (P = .611) or the clavicle (P = .848) (Fig. 4).
However, the same was not noted posteriorly: The larger the
width of the acromion (P = .027) or the clavicle (P = .049), the
better the alignment of the joint (Fig. 5).

Discussion

Contrary to our hypothesis, this study showed that in an intact
AC joint, the anterior borders of the clavicle and the acro-
mion are frequently not aligned (only 60% of the specimens
showed perfect alignment). The same structural motif was also
observed on the posterior side of the joint. A very interest-
ing observation was that the acromion could be over-
projected up to 10 mm and the clavicle up to 8 mm in the
axial plane. Furthermore, no other reliable bony landmarks,
possibly visible on axillary radiographs, could be used to assess
the horizontal placement of the clavicle and the acromion.

The classification of AC joint dislocations remains a chal-
lenge even for the most experienced shoulder surgeon.1,4,17 The
main concern exists for the borderline type III and type IV

Figure 3 (a) Anteriorly, 60% of the acromioclavicular (AC) joints were aligned, whereas 3% had minor overhang of the acromion, 3%
had minor overhang of the clavicle, 24% had major overhang of the acromion, and 10% had major overhang of the clavicle. (b) Posteriorly,
60% of the AC joints were also aligned, whereas 3% had minor overhang of the acromion, 3% had minor overhang of the clavicle, 14%
had major overhang of the acromion, and 20% had major overhang of the clavicle.

Figure 4 The distribution of the acromioclavicular (AC) joint alignment anteriorly was independent from the articular size of the acro-
mion (P = .611) (a) or clavicle (P = .848) (b).
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injuries and the subsequent proposed treatment modalities.
Recent studies have shown that the intraobserver and
interobserver reproducibility of the Rockwood classifica-
tion regarding vertical displacement on anteroposterior plain
radiographs is good to excellent.6 However, a great lack of
reliability is observed regarding mainly the evaluation of hor-
izontal displacement.4,6 It is interesting to note that this lack
of reliability of the Rockwood classification was responsi-
ble for confusion between experienced surgeons regarding
appropriate treatment decision making and was not im-
proved after the addition of computed tomography with
3-dimensional reconstruction.4

To analyze posterior clavicle dislocation, most studies have
used standard axillary radiographs to measure the posterior
displacement of the anterior clavicle compared with the an-
terior acromion.4,13,16 However, physiological misalignment
between the anterior or posterior borders of the acromion and
the clavicle has never been evaluated. In our study, only 60%
of the specimens were truly aligned. In addition, a very in-
teresting observation was that when the acromion was found
to overhang anteriorly (24% of cases), posterior overhang of
the clavicle coexisted on the posterior side of the joint. This
finding may explain why Rahm et al13 found increased pos-
terior translation of the clavicle on the “optimal” axillary view,
with 15° of dorsal and 15° of lateral tilt.

For further evaluation of the AC joint in the axial plane,
Tauber et al19 proposed a dynamic radiologic evaluation pro-
tocol. They suggested the measurement of the gleno-
acromioclavicular angle on lateral axillary views with the arm
in 90° of abduction, 60° of forward flexion, and 60° of ex-
tension in an effort to radiographically reproduce the cross-
arm test. Differences of over 12° among the several arm
positions signify a complete tear of the coracoclavicular and
AC ligaments.19 Despite the authors’ report of the high
interobserver and intraobserver reliability of their method, this
was not always confirmed by other studies.6,19 This disagree-

ment probably also could be explained by the fact that only
the anterior parts of the clavicle and the acromion are the ref-
erence points for the gleno-acromioclavicular angle
measurement and, during shoulder flexion, the scapula in-
ternally rotates when the coracoclavicular and AC ligaments
are completely torn.11

The importance of axial-plane stability in AC joint
reconstruction is now recognized.8,9 Mazzocca et al11

showed that whatever the importance of the vertical displace-
ment, it remains difficult to be aware of which patient is
going to have functional impairment. They recommended a
re-evaluation 10 days after the initial trauma with the
“shrug test.” Heers and Hedtmann7 suggested that ultra-
sound evaluation could be used to evaluate the muscular
injury and to orient the surgeon. Considering the previous
ascertainments, our cadaveric study provides newer ele-
ments regarding the natural horizontal position and the
alignment of the already established bony landmarks of the
acromion and the clavicle.

The results of this cadaveric study may provide useful in-
traoperative instructions during open, mini-open, or
arthroscopic-assisted reduction of the AC joint. According to
our findings, only 60% of the articular surfaces were truly
aligned. However, it is important to know that 78% of the
cases that are aligned anteriorly are normally accurately po-
sitioned posteriorly and vice versa. In addition, in cases in
which the width of the acromion or the clavicle is greater than
23 mm, it is better for the surgeon to achieve accurate bony
reduction at the posterior part of the AC joint.

Strengths and limitations

To our knowledge, this is the first study to describe the re-
lationship between the AC joint and the surrounding bony
structures. Another strength of this study is the sample size

Figure 5 The larger the width of the acromion (P = .027) (a) or clavicle (P = .049) (b), the better the alignment of the joint posteriorly.
AC, acromioclavicular.
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of 30 specimens, which is larger than reported in previous
studies. However, there are several limitations to our study.
First, although we excluded specimens with hypertrophic ar-
thritic changes, our specimens were from cadavers with a mean
age of 70 years (range, 44-97 years), which is older than the
age of most patients at the time of an AC dislocation and many
bony landmarks could be considered degenerative. However,
no correlation was found between larger bony landmarks of
the acromion or the clavicle and the age of the specimens.
Second, all measurements were performed on 30 different
specimens; therefore, side-to-side variations of the AC joint
anatomy could not be evaluated. In addition, we were not able
to obtain supplementary radiographic control scans to verify
our anatomic findings. Moreover, we statically analyzed an
articulation that is subject to variable loads and dynamic forces
in the clinical setting, which may lead to multiplanar dis-
placements and rotations. Finally and most important, although
we showed that the acromion and clavicle are not perfectly
aligned, we are not able to provide any guidelines with regard
to the amount of displacement that constitutes a type IV injury.

Conclusion

Our hypothesis was not verified. The acromion and clav-
icle are not perfectly aligned in a consequent number of
specimens with intact AC joints (40% of cases). The only
reliable landmarks are the articular facets of both the ac-
romion and the clavicle that show a strong positive
correlation. This observation may be one more explana-
tion for why it is so difficult to assess the horizontal
displacement in AC joint dislocations. For radiographic
evaluation, further studies are needed to quantify the amount
of abnormal horizontal displacement that constitutes a static
type IV or dynamic unstable type III AC joint dislocation.
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