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Abstract

Objective: To investigate the role of acromioclavicular joint morphology in the presence of
subacromial erosion after hook plate fixation.

Methods: We retrospectively analyzed the clinical data of 36 patients (17 men, |9 women; mean
age, 48.7 years; range, 21-76 years) treated with hook plate fixation for distal clavicular fractures
(n=20) or acromioclavicular joint dislocation (n=16) from August 2011 to March 2013. The
patients were divided into two groups: the subacromial erosion group (I8 patients) and the
normal group (I8 patients). Differences in multiple anatomical parameters between the two
groups were measured and compared.

Results: The distal clavicle-acromion angle was significantly larger in the subacromial erosion
group (mean, 51.37° £5.59°) than in the normal group (mean, 44.20° & 3.83°), as was the distal
clavicle—coronal angle (mean, 25.44° £2.51° vs. 21.67° £4.06°, respectively). The thickness of
the acromion was significantly different between men and women (9.72+£1.13 vs. 8.16
=+ 1.89 mm, respectively).
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Conclusion: The results of this study indicate that the distal clavicle-acromion angle and distal
clavicle—coronal angle are closely correlated with the occurrence of subacromial erosion after

hook plate fixation.
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Introduction

The hook plate has been used to treat distal
clavicular fractures and acromioclavicular
joint dislocations." However, the literature
has revealed the existence of certain compli-
cations after hook plate fixation, such as
acromion impingement syndrome, subacro-
mial erosions, and heterotopic ossification.?
These applications have a negative impact
on the final outcome of distal clavicular
fractures and acromioclavicular joint dislo-
cations. Some authors® have found that im-
pingement of the hook against the rotator
cuff caused omalgia because of inappropri-
ate hook plate placement on the clavicle
and acromion. However, the relationship
between the morphology of the acromiocla-
vicular joint and complications such as sub-
acromial erosions remains unclear.

We believe that mismatch among the
plate, distal clavicle, and acromion is specifi-
cally caused by the complex morphology
of the acromioclavicular joint. To elucidate
the relationships among these structures, we
studied the anatomical morphology of the
acromioclavicular joint by three-dimensional
morphological analysis in patients treated
with internal fixation using a clavicular
hook plate. Specifically, we evaluated suba-
cromial erosions caused by the hook plate.

Materials and methods

We analyzed the clinical and radiographic
data of 16 patients with acromioclavicular

dislocations and 20 patients with a distal cla-
vicular fractures treated with internal fixation
using a clavicular hook plate from August
2011 to March 2013. Approval from the
Human Research Ethics Institutional Board
was obtained for this study.

Patients with acromioclavicular dislocation
were classified according to the Rockwood
classification.* Distal fractures were assessed
according to the Neer type classification.’
All patients underwent open reduction and
internal fixation without reconstruction of
the coracoclavicular ligament. The duration
of time until removal of the internal fixation
device ranged from 6 to 16 months (mean, 11
months). Before removal, computed tomogra-
phy (CT) scans of the shoulder with a slice
thickness of 1 mm were obtained after all
patients provided written informed consent
for participation in the study. The diagnostic
basis of subacromial erosion is the appearance
of a bright belt around the tip of the hook. In
patients without subacromial erosion, no
bright belt is present around the tip on CT
images (Figure 1; the bright belt in the red
box represents subacromial erosion). The
CT data were maintained in Digital Imaging
and Communications in Medicine format.

Data acquisition and processing

The model was established in four steps.

e Step I: Multilayer stack CT reconstruc-
tion of the data was performed using
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Figure |. Subacromial erosion (represented by bright belt in the red box).

Mimics software (Materialise Mimics,
version 10.01; Materialise, Leuven,
Belgium).

e Step 2: Mimics software was used for
image segmentation, gray-threshold
processing, multi-layer editing, obtaining
the three-dimensional (3D) point cloud
format and the basic outline of the char-
acteristic line, and obtaining the data
format “.iges.”

e Step 3: Point clouds and contours were
imported into the CATIA software envi-
ronment for editing and patching. Block
processing into sheet features was then
performed to obtain computer-aided
design data in “.iges” format (CATIA,
version 5 R19; Dassault Systémes SA,
Vélizy-Villacoublay, France).

e Step 4: The computer-aided design data
were imported into the ANSA software
environment, cleaning up the model ge-
ometry and designing a discrete, finite el-
ement mesh model as shown in Figure 2
(ANSA  version 13.0.1  software;
BETA CAE Systems SA, Thessaloniki,
Greece).

Measurements of morphological
parameters

To measure the distal clavicle—coronal
angle, we started by determining the sur-
face. However, this was difficult because
the surface of the clavicle is irregular.
After reconstructing the CT data to fit the
3D model, we evaluated the horizontal
plane in the building model first and then
adjusted the horizontal plane until it
appeared as a level, straight line. This ma-
neuver ensured that the clavicle was seen in
the same plane.

Distal clavicle—coronal angle

The distal clavicle—coronal angle was mea-
sured as the angle between the distal clavicle
and the coronal plane. In this plane of the
building model (as above), nearly two-
thirds of the clavicle was in a relatively
flat plane, fitted first to the central axis of
the clavicle and then to the distal clavicular
slope. The axial plane and the inclined
plane angle were then measured (Figure 3).
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Figure 2. Three-dimensional polygonal model of the clavicle and scapula after reconstruction

Figure 3. Distal clavicle—coronal angle ()

Acromion sagittal angle

The acromion sagittal angle was measured
as the incline angle of the lower surface of
the acromion in the sagittal plane.

32, BI062561553941

To determine the acromion sagittal angle,
we noted that the undersurface of the acro-
mion was curved or appeared as an inverted
triangle in the reconstruction model. The
angle was chosen from the highest point
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Figure 4. Acromion sagittal angle in the three-dimensional polygonal model (f5)

Figure 5. Acromion sagittal angle in pattern dia-
grams (f3)

of the acromion, after which we defined the
minimum angle (i.e., the acromion sagittal
angle) (Figures 4 and 9).

Acromion thickness and width

The width and thickness of the acromion
were measured in the coronal plane where
the tip of the hook plate contacted the

acromion. The measurements of the width
and thickness on the cross section showed
the movement of the clavicular hook tip
even more directly (Figures 6 and 7).

Distal clavicle—acromion angle

The coronal plane was built on the edge of
the plate. The distal clavicle-acromion
angle was then measured from the central
axis of the distal clavicle and the acromion
(Figures 8 and 9).

Statistical analysis

SPSS  19.0 statistical software (IBM
Corp., Armonk, NY, USA) was used to
perform all statistical analyses. The above-
mentioned morphological parameters were
compared between patients with and with-
out subacromial erosion using the ¢ test. Sex
was compared using the Mann—Whitney U
test. A P value of <0.05 was considered to
indicate statistical significance.

Results

Among 17 men and 19 women (mean age,
48.7 years; range, 21-76 years), 10 patients
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Figure 6. Acromion thickness (At)

Figure 7. Acromion width (Aw)

had type III and 6 patients had type I'V acro-
mioclavicular dislocation. All distal fractures
(20 patients) were Neer type II injuries.

The distal clavicle-acromion angle in the
subacromial erosion group (mean, 51.37°
+5.59°) was significantly greater than that
in the normal group (mean, 44.20° + 3.83°;
P <0.05). The distal clavicle—coronal angle
was significantly larger in the normal group

(25.44° £ 2.51°) than in the subacromial ero-
sion group (21.67°+4.06°; P = 0.026).
However, no statistically significant differen-
ces in the acromion sagittal angle were present
between the two groups (P =0.37) (Table 1).

The thickness of the acromion was signifi-
cantly different between men (9.72 + 1.13 mm)
and women (8.16+1.89mm; P = 0.02)
(Table 2).
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Figure 8. Distal clavicle—acromion angle in the three-dimensional polygonal model (y)

The patients’ sex, age, and acromion
thickness and width are compared between
the two groups (with vs. without erosion) in
Table 3.

Discussion

The clavicle is the only bone that supports
the connection between the shoulder and
the trunk; thus, it plays an important
role in the stability of the pectoral girdle.
Once the clavicle is fractured, surgeons are
more inclined to repair it surgically to satisfy
the need for early functional exercise and
avoid malunion.® The shapes of the clavicle
and acromion are irregular and complex.
The hook plate currently used for this
repair still does not perfectly match the anat-
omy of the distal clavicle and acromion’;
therefore, we performed the present study
to determine whether a direct relationship
exists between the acromioclavicular joint
morphology and complications after internal
fixation using a hook plate.

Currently, the main measurement
parameter of the clavicle and acromion is

their length, whereas the acromioclavicular
angle is rarely measured.® Because the clav-
icle and acromion are irregular bones,
the use of 3D analysis could allow for
more accurate measurement of the required
anatomical data than traditional measure-
ment methods, thus providing a new way to
investigate the causes of complications after
fixation of the hook plate. In the past, the
anatomical parameters of the clavicle were
mainly measured on cadaver specimens,
a practice that has the shortcomings of an
inconvenient operation and inaccurate
measurements.”'” In the present study, 3D
reconstruction software was used to recon-
struct the clavicle using digital visualization
to measure the related anatomical parame-
ters. In 2010, Daruwalla et al.!! used the 3D
reconstruction technique for the first time
for anatomical measurements of the clavi-
cle, but the method has some disadvan-
tages. The coordinate system he chose was
based on the two ends of the clavicle, which
may result in different measurement results.
At present, the anatomical data for the
clavicle are mostly obtained by measuring
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Figure 9. Distal clavicle—acromion angle in pattern diagrams (y)

Table I. Various measurements in patients with and without bone erosion

Group Patients (n) o (°) p () 7 (°) Aw (mm) At (mm)

Subacromial 18 2544 +251 12424+639 51.37+559 27.83+£423 9.52+1.66
erosion

Normal 18 21.68+4.06 127.04+750 4420+3.83 2449+429 9.13+1.50

t - 238 0.89 371 1.80 0.57

P - 0.02 0.37 0.00 0.08 0.57

Results are shown as mean =+ standard deviation.

o: distal clavicle—coronal angle; fi: acromion sagittal angle; y: distal clavicle—acromion angle; Aw: acromion width;
At: acromion thickness

P < 0.05 was considered statistically significant.

Table 2. Various measurements according to sex

Sex Patients (n) o (°) B () 7 (%) Aw (mm) At (mm)
Male 17 2337 +4.11 12721 +£7.60  47.04+557 2608+432 9.72+1.13
Female 19 21.86+£3.76 12341 +£541  4550+582 2445+498 8.16+1.89
t - 0.83 1.19 0.60 0.80 2.50

P - 0.41 0.24 0.55 0.43 0.02

Results are shown as mean =+ standard deviation.

oz distal clavicle—coronal angle; f: acromion sagittal angle; y: distal clavicle—acromion angle; Aw: acromion width; At:
acromion thickness

P < 0.05 was considered statistically significant.
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Table 3. Demographics and acromion width and thickness between patients with and without bone

erosion
Sex
Group Patients (n)  Male Female Age (years) Aw (mm) At (mm)
Subacromial 18 7 (38.89%) Il (61.11%) 47.56+423 27.83+423 952+1.66
erosion
Normal 18 10 (55.56%) 8 (44.44%) 49.62+429 2449+429 9.13+£1.50
P - 0.47 0.62 0.08 0.57

Results are shown as n (%) or mean + standard deviation.
Aw: acromion width; At: acromion thickness
P < 0.05 was considered statistically significant.

its length, width, thickness, and angle of
flexion in the horizontal plane. Because
the inclination of the distal clavicle in the
sagittal plane was significantly greater than
that of the middle of the clavicle according
to the shape of the hook plate used with the
current characteristics, the hook plate could
not be simultancously attached to the distal
and proximal ends of the clavicle, forcing it
to be attached to the hook tip and thereby
resulting in excessive stress on the bone.
This situation may promote the develop-
ment of complications, such as subacromial
erosion.'?

The incidence of osteolysis in the suba-
cromial region may reportedly be as high
as 25%."% The shape and position of the
hook plate greatly influence the incidence
of osteolysis. The depths of the currently
used hook plates are 15 or 18 mm. We gen-
erally select the former. Intraoperatively,
we often find that there is a greater distance
between the proximal portion of the plate
and the collarbone because of the anatom-
ical structure of the clavicle itself. If the
plate is forcefully attached to the bone sur-
face, stress concentration occurs between
the hook steel and hook tip, thereby leading
to acromion bone dissolution.

In this study, we directly measured the
anatomical angles of the acromion and
observed the impact of the movement of
the hook plate on subacromial erosion.
This technique may be more intuitive for

studying the impact of the anatomical
angles on the degree of osteolysis. In addi-
tion to extending from high to low in the
sagittal plane, the distal clavicle is low near
the inner aspect and high near the outer
aspect in the coronal plane. The presence
of the acromion in both the sagittal and
coronal planes may have an impact on
osteolysis. Each patient’s CT angle is differ-
ent, so the horizontal line cannot be used as
the reference standard for the acromion’s
coronary position. Based on the results of
this study, an increased acromioclavicular
angle promotes the occurrence of osteolysis.
Therefore, when implanting a hook plate,
we should use an appropriately precurved
hook tip to increase the contact area be-
tween the tip of the hook and lower surface
of the acromion; this will help to reduce
the incidence of complications such as
osteolysis and perforation of the acromion.
In addition, as the distal clavicle-acromion
angle increases, the risk of hook tip slippage
may increase. According to the acromion
width measured in this experiment, the
length of the tip of the hook plate can be
designed to meet the patient’s needs. A steel
plate with a longer tip can reduce the risk
of sliding out. In contrast, if the hook tip
is too long to pierce the outside of the acro-
mion, then the rotator cuff, joint capsule,
or other soft tissue may be damaged.
Hence, fluoroscopy is necessary during the
operation.
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With respect to the thickness of the acro-
mion in this study (9.72 £+ 1.13 mm for men,
8.16 = 1.89 mm for women), the depths of
the currently used clavicular hook plates
(15 or 18 mm) are greater than the thickness
of the measured acromion.>'* If the hook
depth is too great, the clavicle cannot
be pressed into the appropriate position,
resulting in an acromioclavicular joint that
cannot be completely reset. This could
affect the repair of peripheral ligaments.
If we repair the coracoclavicular ligament
and reset the acromioclavicular joint, the
hook end would be farther away from the
lower surface of the acromion, suspended in
the gap underneath the acromion and
resulting in internal fixation failure.

Because the distal clavicle (about 2 cm) is
situated from high to low in the sagittal
plane, the hook plate does not fit very well
when placed on this section. Thus, if the
rear portion of the hook plate is close to
the clavicle, the front tip of the hook will
become elevated, increasing pressure on the
lower surface of the acromion and promot-
ing osteolysis. Therefore, the variability of
the clavicle’s anatomical structure promotes
the occurrence of subacromial erosion.

Conclusions

We found that the distal clavicle-acromion
angle and distal clavicle—coronal angle
cause the hook plate to fit the clavicle and
acromion with difficultly during the fixa-
tion. This imperfect fit may cause complica-
tions, such as subacromial erosion.
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