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Background: Acromioclavicular (AC) joint dislocation is evaluated using the radiologically based Rockwood classification. The
relationship between ligamentous injury and radiological assessment is still controversial.

Purpose/Hypothesis: To investigate how the AC ligament and trapezoid ligament biomechanically contribute to the stability of the
AC joint using cadaveric specimens. The hypothesis was that isolated sectioning of the AC ligament would result in increased
instability in the superior direction and that displacement >50% of the AC joint would occur.

Study Design: Controlled laboratory study.

Methods: Six shoulders from 6 fresh-frozen cadavers were used in this study. Both the scapula and sternum were solidly fixed on a
customized wooden jig with an external fixator. We simulated distal clavicular dislocation with sequential sectioning of the AC and
coracoclavicular (CC) ligaments. Sectioning stages were defined as follows: stage 0, the AC ligament, CC ligament, and AC joint
capsule were left intact; stage 1, the anteroinferior bundle of the AC ligament, joint capsule, and disk were sectioned; stage 2, the
superoposterior bundle of the AC ligament was sectioned; and stage 3, the trapezoid ligament was sectioned. The distal clavicle
was loaded with 70 N in the superior and posterior directions, and the magnitudes of displacement were measured.

Results: The amounts of superior displacement averaged 3.7 mm (stage 0), 3.8 mm (stage 1), 8.3 mm (stage 2), and 9.5 mm (stage
3). Superior displacement >50% of the AC joint was observed in stage 2 (4/6; 67 %) and stage 3 (6/6; 100%). The magnitudes of
posterior displacement were 3.7 mm (stage 0), 3.7 mm (stage 1), 5.6 mm (stage 2), and 9.8 mm (stage 3). Posterior displacement
>50% of the AC joint was observed in stage 3 (1/6; 17%).

Conclusion: We found that the AC ligaments contribute significantly to AC joint stability, and superior displacement >50% of the
AC joint can occur with AC ligament tears alone.

Clinical Relevance: The AC ligament plays an important role not only in horizontal stability but also in vertical stability of the AC
joint.

Keywords: biomechanical study; fresh-frozen cadaveric study; acromioclavicular joint dislocation; acromioclavicular ligament;
Rockwood classification

Numerous treatment approaches have been reported for
acromioclavicular (AC) joint dislocation; however, no con-
sensus is available regarding the most appropriate surgical
treatment. The radiologically based Rockwood classifica-
tion is commonly used for AC joint dislocation.'® The clas-
sification usually corresponds to ligamentous injury; for
example, both the AC ligament and the coracoclavicular
(CC) ligaments are injured in type 3 Rockwood injuries.
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Beitzel et al® subclassified type 3 injuries as 3A and 3B,
in which a type 3A injury was defined as a stable AC joint
without overriding of the clavicle on a cross-body adduction
view and without significant scapular dysfunction. A type
3B injury was defined as an unstable AC joint with over-
riding clavicles on the cross-body adduction view; this is
associated with refractory scapular dysfunction. The rela-
tionship between ligamentous injury and radiological
assessment via Rockwood classification is still controver-
sial.”!! Debski et al*® reported on the importance of the
AC capsule and CC ligaments; the AC, conoid, and trape-
zoid ligaments provide translational, superior, and
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posterior stability of the AC joint, respectively. Lee et al'®

reported that the trapezoid and conoid ligaments play
major roles in the superior and posterior directions. How-
ever, Urist? reported that when the superior AC ligament
and entire joint capsule were sectioned, superior displace-
ments of approximately 50% occurred in the AC joint.

We speculated that the AC ligament plays an important
role in not only translational stability but also the superior
stability of the AC joint. Using fresh-frozen cadaveric mod-
els, this study aimed to investigate how injuries of the AC
and trapezoid ligaments biomechanically contribute to
instability of the AC joint. We hypothesized that cutting
the AC ligament would result in increased instability in the
superior direction and that displacement >50% of the AC
joint would occur.

METHODS
Specimen Preparation

Six shoulders from 6 fresh-frozen cadavers were used in
this study (2 men and 4 women; mean age, 74 years; range,
57-93 years). All specimens were donated to the Chiang Mai
University anatomy program. The specimens were thawed
overnight at room temperature. The skin, fat, and muscle
surrounding the sternoclavicular (SC) joint, AC joint, and
CC interval were removed. Only the sternum, clavicle,
scapula, SC ligament, AC ligament, CC ligaments, AC joint
capsule, and disk were preserved. All specimens were kept
moist by spraying them with normal saline during the
experiment. Standard anteroposterior (AP) radiographs
were obtained for each specimen, and no specimens had any
indications of osteoarthritis.

Experimental Setup

In the connected specimens of the sternum, clavicle, and
scapula, the scapula and sternum were solidly fixed on a
customized wooden jig with an external fixator (Orthofix
Japan Medicalnext). The AC and SC joints of the connected
specimens were kept in the same position as the predissec-
tion position. The positions of the sternum and scapula
were confirmed by an AP radiograph in the sitting posture
before dissection, and the sternum and scapula were fixed
on the wooden jig in the same position. Two 6 mm-diame-
ter, fully threaded stainless steel rods were inserted into
the sternum parallel to the ground. The same 2 rods were
inserted into the scapula (1 into the inferior angle and the
other into the glenoid) (Figure 1). We used an
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electromagnetic tracking device (trakSTAR; Ascension
Technology) to measure the displacement of the distal end
of the clavicle relative to the acromion. Sensors were
inserted into the distal end of the clavicle as well as the
acromion. The appropriate position of the inserted sensors
was confirmed using AP radiographs (BV Pulsera; Philips).

Sectioning of Distal Clavicle Stabilizers

We simulated distal clavicle dislocation by sequential sec-
tioning of the AC ligament and trapezoid ligament, and the
AC joint displacement model was created (Figure 2). Sec-
tioning stages were defined as follows: stage 0, the AC lig-
ament, CC ligament, and AC joint capsule were intact;
stage 1, the anteroinferior bundle of the AC ligament, joint
capsule, and disk were sectioned; stage 2, the AC ligament,
joint disk, and capsule were sectioned completely; and stage
3, the AC ligament and trapezoid ligament were sectioned.
Further sectioning of the conoid ligament resulted in exces-
sive clavicular motion because of the lack of a stabilizer
aside from the SC joint. The sectioning sequence of the
ligaments was performed in accordance with a previous
biomechanical study.!® In a previous anatomic study, the
superoposterior bundle of the AC ligament (mean, 3.0 mm)
was found to be thicker than its anteroinferior bundle
(mean, 1.6 mm).'* We surmised that the anteroinferior
bundle of the AC ligament would be injured first in a clin-
ical setting because of the more fragile structure, and we
therefore sectioned this bundle first in the current
experiment.

Load Testing and Data Acquisition

As in previous biomechanical studies, the clavicle was
loaded with 70 N in the superior and posterior direc-
tions.*%681112 Thig force approximates the stress applied
during weighted radiographs. The amount of displacement
was measured by the difference between the values of each
sensor in the acromion and the distal end of the clavicle.
The x-axis was defined as the direction parallel to the AC
joint, the y-axis was the perpendicular direction to the AC
joint, and the z-axis was in the perpendicular direction to
the ground. The magnitude of displacement was measured
in each direction. We additionally performed Zanca view
radiographs to confirm the degree of AC joint displacement
(Figure 3). After all measurements were completed, all the
soft tissues around the AC joint, including the AC ligament
and joint disk, were removed. The height and anteroposter-
ior width of the AC joint were measured on a scale, and the
superior or posterior displacement rate was calculated as
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Figure 1. Experimental setup: the scapula and sternum were solidly fixed on a customized wooden jig with an external fixator
(Orthofix Japan Medicalnext). We used an electromagnetic tracking device (trakSTAR; Ascension Technology) to measure the
displacement of the distal end of the clavicle relative to the acromion. Sensors were inserted into the distal end of the clavicle and

acromion.

[(change in superior or posterior displacement from stage
0)/(AC joint height or anteroposterior width)] x 100.

Statistical Analysis

Differences in displacement values between each stage
were compared using 1-way analysis of variance, and post
hoc tests were performed using the Tukey-Kramer method.
The significance level was set at 5%. Statistical analysis
was performed using SPSS Statistics for Windows Version
22 (IBM).

RESULTS

Table 1 shows the results of the load testing at 70 N for each
sectioning stage.

Superior Displacement

There was no statistically significant difference in the
amount of superior displacement among stages 0, 1, and
2, but the amount of displacement increased significantly
between stages 0 and 2 (P < .001) and between stages 0 and
3 (P < .001). There was no statistically significant differ-
ence between stages 2 and 3.

There was no statistically significant difference in the
rate of displacement between stages 0 and 1. However, the
displacement rate increased significantly in stage 2

compared with stages 0 (P < .001) and 1 (P < .001), and it
increased significantly in stage 3 compared with stages
0 (P <.001),1 (P < .001), and 2 (P = .044).

Posterior Displacement

There was no statistically significant difference in the
amount of displacement among stages 0, 1, and 2. The
amount of displacement increased significantly in stage
3 compared with stages 0 (P < .001), 1 (P < .001), and 2
(P = .002).

There was no statistically significant difference among
stages 0, 1, and 2 in the rate of posterior displacement. In
the comparison between stage 3 and the other stages, the
displacement rate increased significantly in stage 3 com-
pared with stages 0 (P < .001), 1 (P < .001), and 2 (P =.001).

DISCUSSION

The most important finding of this study was that the AC
ligament contributes significantly to AC joint stability in
the superior direction, and displacement >50% of the AC
joint can occur with isolated AC ligamentous injury.
Previous authors have reported on the importance
of the AC ligament, especially the role of horizontal stabil-
ity.+6810.12 Recently, the role of the AC ligament in rota-
tional stability of the AC joint has been mentioned.®%!2
Debski et al® reported that disruption of the AC capsule
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Figure 2. Sectioning of the distal clavicle stabilizers. Stage 0: The acromioclavicular ligament, coracoclavicular ligament, and
acromioclavicular joint capsule were intact. Stage 1: The superoposterior bundle of the acromioclavicular ligament and coraco-
clavicular ligament were left intact (the anteroinferior bundle of the acromioclavicular ligament, joint capsule, and disk were
sectioned). Stage 2: The coracoclavicular ligament was left intact (the acromioclavicular ligament, joint disk, and capsule
were sectioned completely). Stage 3: The conoid ligament was left intact (the acromioclavicular ligaments and trapezoid ligament
were sectioned). The sectioned ligaments in each stage are indicated by a cross mark.

does not result in a significant increase in translation in the
superior translation. Fukuda et al® reported contributions
of individual ligaments to joint stability by performing bio-
mechanical loading experiments with fixed displacement
and sequential ligament sectioning. At small displace-
ments, the AC ligament is a primary restraint to the supe-
rior direction of the AC joint. The role of the AC ligament in
superior stability of the AC joint is controversial. In the
current study, we found that the AC ligament contributes
to superior stability of the AC joint. We also found superior
displacement >50% of the AC joint in stage 2 (54.5%) and
stage 3 (69.1%). Our results suggest that when deciding on
what type of injury has occurred, the determination should
not be based solely on the radiographic appearance of the
AC joint. We should include examination of the AC joint to
diagnose the dislocation correctly. For example, magnetic
resonance imaging® and weighted radiographs with check-
ing bilateral CC distance? would better discriminate
between type 2 and 3 injuries. The AC ligament is said to
help the horizontal stability of the AC joint; our results
demonstrate that it also aids in superior stability. This fact
emphasizes the importance of AC ligament reconstruction
when treating AC joint dislocations. However, the differ-
ence in percentage displacement between the specimens

might be influenced by the difference in AC joint shapes
and the strength of the individual ligaments of each
specimen.

Concerning the contribution of the AC ligament, our
results show that neither significant superior nor posterior
displacement was observed in the current stage 1 experi-
ment, where the anteroinferior fibers of the AC ligament
were sectioned and the superoposterior bundles were left
intact. This result indicates that no kinematic changes in
the AC joint (superior and posterior directions) would occur
after only sectioning the anteroinferior bundle and that
preserving the superoposterior bundle can maintain AC
joint stability in these directions. Klimkiewicz et al®
reported that the anteroinferior part of the AC capsule is
of no significant importance for posterior stability. This
report supports the current result.

AC joint arthritis is widely treated with arthroscopic dis-
tal clavicle resection, preserving the superoposterior bun-
dle of the AC ligament.'%'? This procedure does not impair
the stability of the AC joint in either the superior or poste-
rior direction.

In stage 3 (sectioning of both the AC and trapezoid liga-
ments), significant posterior displacement was found. This
result indicates that the trapezoid ligament contributes to
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Stage 0

Figure 3. Zanca view radiographs for each sectioning stage.
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TABLE 1
Superior and Posterior AC Joint Displacement for Each Sectioning Stage at 70-N Load Level®

Superior AC Joint Displacement?

Posterior AC Joint Displacement®

Amount of Displacement, mm

% of Superior Displacement?

Amount of Displacement, mm % of Posterior Displacement®

Stage 0 3.7£1.0(2.0t0 5.0) 0 3.7+1.1(2.4t04.7) 0

Stage 1 3.8+1.1(2.2t05.3) 1.9+1.8(-1to 4.0) 3.7+1.1(2.4t04.8) 0.4+0.2(0.2t00.8)
Stage 2 8.3 +1.6 (6.6 to 10.2) 54.5 £ 11.7 (38.7 to 73.0) 5.6+£2.0(3.2t07.8) 9.6 +6.5 (5.0 to 22.2)
Stage 3 9.5+£1.5(7.8t011.3) 69.1£13.1(57.2 to 93.0) 9.8 £3.0 (6.5 to 13.8) 29.7 £ 13.3 (14.5 to 53.8)

“Data are reported as mean + SD (range). Stage 0, the acromioclavicular (AC) ligament, coracoclavicular ligament, and AC joint capsule
were intact; stage 1, the anteroinferior bundle of the AC ligament, joint capsule, and disk were sectioned; stage 2, the AC ligament, joint disk,

and capsule were sectioned completely; and stage 3, the AC ligament and trapezoid ligament were sectioned.

bAC joint height = 8.7 + 2.4 mm (range, 7.1-13.4 mm).

°AC joint anteroposterior width = 20.7 + 3.3 mm (range, 17.0-25.0 mm).
dCalculated as [(change in superior displacement from stage 0)/(AC joint height)] x 100. Shown are mean values.
°Calculated as [(change in posterior displacement from stage 0)/(AC joint anteroposterior width)] x 100. Shown are mean values.

posterior joint stability. In a previous study, Debski et al®
reported that the trapezoid ligament provides posterior sta-
bility to the AC joint. Lee et al' reported that the trapezoid
and conoid ligaments play major roles in the superior and
posterior directions. The findings of the current study agree
with the findings of these previous biomechanical studies.
The trapezoid ligament originates from the posterolateral
aspect of the coracoid process and attaches to the antero-
lateral undersurface of the clavicle. Anatomic directions of
the trapezoid ligament fibers correspond to contribution of
horizontal stability.'>'® Rockwood type 4 AC joint disloca-
tion is defined as posterior displacement of the distal clav-
icle into the trapezius muscles.'® Although posterior
displacement >50% of the AC joint was observed in only 1
specimen in stage 3, the displacement ratio was 53.8%,

which was not large enough to displace the distal clavicle
into the trapezius muscles. Thus, more severe injury, such
as rupture of both the AC and CC ligaments, may happen
during type 4 AC joint dislocation.

The present study has several limitations. First, although
ligament sectioning was performed according to a previous
biomechanical study,'® it is still unclear whether the
sequence of ligament sectioning is different from the clinical
scenario of an AC joint dislocation. Second, specimens tested
were from donors with a mean age of 74 years, whereas
patients with AC dislocation are usually younger. Degener-
ative joint changes in elderly specimens may affect the joint
kinematics. Third, the scapula was fixed solidly, and the
actual movement of the scapula could not be accurately
reproduced. Although AC joint dislocation is presumed to
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be caused by abnormal mobility of the scapula,'® the current
experiment of stress testing of the clavicle only does not
replicate the clinical mechanism of injury. Fourth, the tra-
pezius, deltoid, and subclavius muscles, which are dynamic
stabilizers of the AC joint, were removed and not assessed in
the current experimental model. Fifth, we did not evaluate
anterior and rotational stability of the AC joint. Sixth, we
could not show the data of the conoid ligament section model
because the distal clavicle moved excessively because of the
lack of a stabilizer aside from the SC joint. Seventh, serial
testing may have stretched/damaged intact ligaments. Last,
we did not measure CC distance (usually 20%-100%
increased with type 3 injuries).

CONCLUSION

In the current cadaveric model study, we found that the AC
ligaments contribute significantly to AC joint stability, and
superior displacement >50% of the AC joint can occur with
isolated AC ligamentous injury. The trapezoid ligament has
a significant contribution to the posterior stability.
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