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Background: Clavicular prominence is common in patients with symptomatic degenerative sternoclavicular arthritis. Itis
unclear if this is caused by enlargement or subluxation of the clavicle. The aim of this report is to describe a reproducible
measurement technique to evaluate the relationship of the medial clavicular head to the manubrium.

Methods: One hundred normal sternoclavicular joints, twenty-five sternoclavicular joints with symptomatic degenerative
arthritis, and twenty-five non-symptomatic sternoclavicular joints on the contralateral side were studied with three-dimensional
(3D) reconstruction with use of computer modeling. The greatest width (anterior-posterior distance) and height (superior-
inferior distance) of the clavicle in the sagittal plane were measured, and the positions of the anterior and superior borders of
the medial clavicle and their distances to the frontal and axial planes, respectively, were evaluated. The ratio of the anterior-
posterior distance to the anterior-frontal plane distance was measured to evaluate the anterior-posterior position of the
clavicle and the ratio of the superior-inferior distance to the superior-axial plane distance was measured to evaluate its
superoinferior position. If the ratio was not in the 95% normal range, the clavicle was defined as subluxated. The repro-
ducibility of this technique was evaluated on the basis of the interobserver and intraobserver reliability.

Results: This technique showed good interobserver and intraobserver reliability. The mean anterior-posterior and superior-
inferior distances were significantly larger in association with symptomatic sternoclavicular arthritis than in the normal
sternoclavicular joints (p < 0001). The clavicle was subluxated anteriorly in twenty-two of the twenty-five cases of symp-
tomatic sternoclavicular arthritis, but it was not subluxated superiorly.

Conclusions: The medial clavicular head in patients with degenerative sternoclavicular arthritis is significantly larger
than it is in the normal population, and it is usually subluxated anteriorly.

Peer Review: This article was reviewed by the Editor-in-Chief and one Deputy Editor, and it underwent blinded review by two or more outside experts. The Deputy Editor
reviewed each revision of the article, and it underwent a final review by the Editor-in-Chief prior to publication. Final corrections and clarifications occurred during one or
more exchanges between the author(s) and copyeditors.

ymptomatic degenerative sternoclavicular arthritis is an

infrequent condition"’, and effective management is of-

ten hindered by a limited understanding of the anatomy
and the pathology’. Often patients with this condition have
swelling and/or mechanical pain at the sternoclavicular joint.
Clinical examination sometimes reveals a prominent clavicle®”.
We are not aware of any studies that have evaluated whether
this prominence is caused by osseous enlargement and osteo-
phytes or by subluxation of the clavicle.

In the past, the bones forming a joint have been evaluated
with two-dimensional (2D) imaging techniques’. Three-dimensional
(3D) computed tomography (CT) scan reconstruction improves
the accuracy of the measurements. This technique can facili-
tate determination of the amount and direction of the joint
subluxation™"’.

The aim of this report is to describe a reproducible mea-
surement technique to evaluate the relationship of the medial

clavicular head to the manubrium in a normal population and in
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Fig. 1
Axial, sagittal, and frontal CT views of symptomatic degenerative sternoclavicular arthritis.

patients with painful prominence related to sternoclavicular ar-
thritis. It was hypothesized that the prominence was caused by both
an enlargement of the clavicle due to osteophytes and anterior-
superior subluxation of the clavicle.

Materials and Methods
pproval for this study was obtained from the local ethical committee (EC/
2011-069).

Two groups of patients were evaluated: a group of young adult patients
without any sign of pathology at the sternoclavicular joint (Group 1) and a
group of patients with painful prominence related to sternoclavicular arthritis
(Group 2).

Group 1 included patients between twenty-four and thirty-five years old
(mean, 26.9 years old) for whom a CT scan that had been planned for evalu-
ation of shoulder pathology showed no sternoclavicular pathology. Both
shoulders and sternoclavicular joints were scanned simultaneously. Other
pathological conditions of the sternoclavicular joint (traumatic or atraumatic
instability, or inflammatory disease such as sternocostoclavicular hyperostosis
or rheumatoid arthritis, osteitis condensans, or septic arthritis) were excluded
by physical examination and on the basis of the patient’s history. The CT scans
were inspected for structural osseous lesions of the clavicle (e.g., cysts and
visible osseous deformations of the clavicle) and if such lesions were present the
subject was excluded. The final group of fifty subjects (twenty-five female and
twenty-five male) included patients with glenohumeral instability (thirty),
calcifying tendinitis (seven), frozen shoulder (five), and fracture of the proximal
part of the humerus (eight).

Group-2 patients all had clinical signs of symptomatic sternoclavicular
arthritis (mechanical pain at the sternoclavicular joint and swelling), confirmed
on CT (showing bone cyst, osteophytes, and/or narrowing of the joint space)
(Fig. 1). The mean age was 61.6 years. All patients were positioned in the CT
gantry according to a previously described method, supine with a strap around
the body and a cushion on the abdomen to keep the arm adducted in the coronal
plane and the forearm flexed in the sagittal planen. This standardized position
mimics a reproducible surgical position and minimizes positional errors.

Image Analysis and Interpretation

A Somatom Volume Zoom CT scanner (Siemens, Erlangen, Germany) with a
matrix set to 512A~512, kV: 140/eff. mAs: 350 was used. The field of view
(FOV) was adapted to each individual patient. This resulted in a maximum of
500 mm for both shoulders and 180 mm for one shoulder with a pixel size of no
more than 0.97 or 0.35 mm, respectively. The glenohumeral and sternocla-
vicular joints were scanned with maximum 1.5-mm interval slices.

Three independent investigators imported the Digital Imaging and
Communications in Medicine (DICOM) CT images into medical imaging
computer software (Mimics 14.12 for Intel X86 Platform V14.0.0.90 1992-
2012; Materialise, Leuven, Belgium) to create 3D images of the sternoclavicular
joint. Both bones of the sternoclavicular joint could be separated digitally and
virtually manipulated.

An important part of this technique is the definition of the frontal plane.
To our knowledge, this study is the first to describe a frontal plane as a best-fitting
plane on an area on the manubrium (see Appendix). This consistent area appears
to represent a structural adaptation of bone to mechanical loading as has been
described in other bones'>". This triangular area is based on the Y-shaped area
that can be seen when placing the manubrium against a bright light or in a 3D
CT-reconstructed manubrium. This area was described by Xiu et al. as the bare
area that can be used to obtain autologous bone graft'*. The attachment of the
pectoralis major muscle covers the medial and lateral borders of the triangle“.

With the use of computer modeling (3-matic; Materialise), the best-fitting
plane was determined according to this triangular zone (Fig. 2) and this plane was
called the frontal plane. The axial plane is perpendicular to the frontal plane and
passes through the highest points left and right of the presternal notch (supra-
sternal notch) (Fig. 3). Using the same computer modeling technique in the
sagittal plane, we determined the intersection point of the most anterior (A) and
posterior (P) points of the medial clavicle with a plane parallel to the frontal plane.
We also determined the intersection point of the most superior (S) and inferior (I)
points of the medial clavicle with a plane parallel to the axial plane (Fig. 4).

Next, the distance between point A and point P (AP distance) was
measured, as was the distance between point A and the frontal plane (AFr
distance: positive if posterior to the frontal plane and negative if anterior to the
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Presternal notch

Fig. 3

Fig. 2 Determination of the best-fitting plane based on a consistent triangular area in the manubrium. Fig. 3 Determination of the axial plane.

frontal plane) (Fig. 5). Also the distance between point S and point I (SI
distance) was measured, as was the distance between point S and the axial plane
(SAx distance: positive if superior to the axial plane and negative if inferior to
axial plane) (Fig. 6). This was done for all normal and abnormal sternocla-
vicular joints.

Next the AFr/AP and SAx/SI ratios were measured for all patients. These
ratios were used to evaluate the position of the clavicle and to exclude the
variability of the AP and SI distances. The 95% prediction interval for the AFr/
AP and SAx/SI ratios was measured in the normal population. If the ratio of the
clavicle of the sternoclavicular joint with symptomatic degenerative arthritis to
the clavicle of the non-symptomatic, contralateral joint was not in this normal
range, the clavicle was defined as subluxated anteriorly or posteriorly or as
subluxated superiorly or inferiorly.

Intraobserver and interobserver reliability was calculated for all pa-
rameters. Two different examiners (A.V.T. and J.V.) determined all planes and
points and measured all parameters on the scans of thirty joints (twenty nor-
mal, five on the arthritic side, and five on the non-arthritic, contralateral side).
One examiner (A.V.T.) repeated the measurements with a time interval of
fourteen days between measurements. The intraobserver and interobserver
reliability was assessed with intraclass correlation coefficients (ICCs) on the

basis of two-way random-effect models, with use of an absolute-agreement
definition',

To evaluate the correlation between the different parameters, the Stu-
dent t test was used for the normally distributed parameters. The Mann-
Whitney U test was used for the not normally distributed parameters.

Source of Funding

There was no external funding source for this study.

Results
he intraobserver and interobserver ICCs were excellent for
all measured parameters (see Appendix).
The measured dimensions are listed in the Appendix.
In Group 1 (normal population), the AP distance of the
clavicular head was greater in men than in women (p < 0.001).
There was no significant difference between the men and women
in Group 1 with regard to any of the other parameters. There was
also no significant difference in any parameter between the left

Distance AP-SI

point A

point|

Symptomatic degenerative
SC arthritis
Fig. 4

Normal SC

Determination of points A, S, P, and | on the medial clavicular head. SC = sternoclavicular joint.
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Distance frontal plane - point A

point A

Symptomatic degenerative
SC arthritis

Fig. 5

Frontal plane

Normal SC

Measurement of the distance between point A and the frontal plane. SC = sternoclavicular joint.

Distance axial plane - point S

Axial plane

Symptomatic degenerative

SC arthritis
Fig. 6

Axial plane

Normal SC

Measurement of the distance between point S and the axial plane. SC = sternoclavicular joint.

and right sides (p > 0.2 for all measurements). The AP distance
was greater in men than in women on both the symptomatic and
the contralateral side (p = 0.002 and p < 0.001).

The AP distance of the clavicular head on the symptom-
atic, arthritic side was greater than the distance on the non-
symptomatic, contralateral side (p = 0.004) and in the normal
population (p < 0.001). There was no significant difference in
the AP distance between the non-symptomatic, contralateral
side and the normal population (p = 0.085). The SI distance of
the clavicular head on the symptomatic, arthritic side was greater
than that on the non-symptomatic, contralateral side (p = 0.01)

and compared with that in the normal population (p < 0.001).
There was no significant difference in the SI distance between the
non-symptomatic, contralateral side and the normal population
(p = 0.279).

The AFr distance on the symptomatic, arthritic side was
greater than the distance on the non-symptomatic, contralat-
eral side (p < 0.001) and in the normal population (p < 0.001).
The AFr distance was greater on the non-symptomatic, con-
tralateral side than in the normal population (p < 0.001).

The 95% prediction interval of the AFr/AP ratio in the
normal population was between 0.17 and —0.17 (mean, 0).



€109(5)

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG RELATIONSHIP OF CLAVICULAR HEAD TO MANUBRIUM IN
VOLUME 96-A - NUMBER 13 - JULY 2, 2014 NORMAL AND SYMPTOMATIC STERNOCLAVICULAR JOINTS
anterior posterior

normal range
subluxated < e >| subluxated

L ratio normal ’
number . ] Fig. 7 _
of 4 ratio symptomatic Graph showing the AFr/AP
patients u degenerative arthritis ratios in all patients.
3
ratio contralateral
2
1 ‘ |
Q t———tib b2 “m‘.ﬂ'm:| +
ratio AFr/AP
inferior 95% normal range superior
subluxated subluxated
9 k) L
8
7
6
L ratio normal
number : :
of ; ratio symptomatic ~ Fie s
| | . rer Graph showing the SAx/SI
atients 4 T T T T T 1T ratios in all patients.
patient degenerative arthritis
ratio contralateral
3 - NSRS ST A
2 — MW IRNAN.D E—" S EE—
| Il lH ‘ H *****
LT ACOALATN IR ML LI AL L

ratio SAx/SI



€109(6)

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 96-A - NUMBER 13 - JULY 2, 2014

Twenty-two of the twenty-five symptomatic patients had anterior
subluxation, with a ratio between —0.13 and —0.51, on the arthritic
side. Two of the twenty-five patients had anterior subluxation on
the non-symptomatic, contralateral side. The ratios on the non-
symptomatic, contralateral side ranged between 0.12 and —0.20
(Fig. 7).

The SAx distance was greater on the symptomatic arthritic
side than in the normal population (p = 0.0034). There was no
significant difference between the SAx distance between the symp-
tomatic, arthritic side and the non-symptomatic, contralateral side
(p = 0.219) or between the non-symptomatic, contralateral side and
the normal population (p = 0.551).

The 95% prediction interval of the SAx/SI ratio in the
normal population was between 0.55 and 0.97 (mean, 0.76). No
patient showed signs of superior subluxation on the arthritic side,
with the ratios ranging between 0.64 and 0.93. There were no cases
of superior subluxation on the non-arthritic side of the symp-
tomatic patients; the ratios ranged between 0.62 and 0.93 (Fig. 8).

Discussion
Symptomatic sternoclavicular arthritis is not common. The
swelling in patients with sternoclavicular arthritis has been
described clinically as a subluxation. Two-dimensional CT evalu-
ation of subluxation of the clavicle has been previously performed
in patients with osteitis condensans but without quantification.
To our knowledge, we are the first to quantify subluxation in
patients with symptomatic degenerative sternoclavicular arthritis.

The present study demonstrates that the 3D sternocla-
vicular relationship can be quantified reliably with low varia-
bility with use of 3D CT reconstruction in vivo.

The intraobserver and interobserver ICCs were excellent
(0.93 and 0.9) for the definition of the best fitting plane of the
bare area of the manubrium".

Clinical examination of patients with symptomatic de-
generative sternoclavicular arthritis sometimes reveals a prom-
inent clavicle. This prominence may be due to the clavicle being
anteriorly subluxated and/or a large clavicle. The width of the
clavicle is significantly larger (by 4.2 mm, on average) than that
in the normal population, but this widening is not as great as the
anterior displacement (8.4-mm difference, on average), indi-
cating that anterior subluxation of the clavicle is clearly involved.

In the sagittal plane, the articular surface is, on average,
directed 70° inferiorly"; thus, a superior subluxation compo-
nent would be suspected if there is anterior subluxation. Our
study showed that, although there was a significant difference
in the SAx distance between the arthritic side and the normal
population, no patient had superior subluxation. A possible
explanation is that the joint space had narrowed. Another
possible explanation is erosion of the anterior surface of the
manubrium, in which case the clavicle would not need to
migrate superiorly to result in anterior migration.
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The first-line treatment for symptomatic sternoclavicular
arthritis is conservative, with nonsteroidal anti-inflammatory
drugs, relative rest, or an intra-articular corticosteroid injection.
Medial clavicle resection has been proposed if conservative
treatment fails, and several techniques have been described'*™.
The results of these techniques have been reported to be good in
a few case reports™.

The clinical importance of this study lies in the fact that
surgical treatment with medial clavicle resection will not cor-
rect the degenerative process of subluxation, but it is not
known if this correction is necessary to obtain a good result.

This study has several weaknesses. We did not have an ob-
jective score for all symptomatic patients to allow correlation
between the degree of subluxation and the clinical symptoms.
Another weakness is our use of the asymptomatic sides as a control
group and not a normal population of the same age. However,
because there was no significant difference between the findings in
the normal young population and those on the asymptomatic side,
we believe that the values on the asymptomatic side can represent
those in a normal population of the same age.

In conclusion, the morphology and position of the medial
clavicular head relative to the manubrium can be evaluated ade-
quately with the use of this newly developed reproducible mea-
surement technique. Using this technique, we demonstrated that
the clavicular prominence in patients with symptomatic sterno-
clavicular arthropathy is the result of both osseous enlargement
and anterior subluxation of the clavicle.

Appendix

@ Tables showing the ICCs for intraobserver and interob-
server reliability as well as the mean distances for the different

groups and parameters, and a figure demonstrating a manubrium

held against a light, are available with the online version of this

article as a data supplement at jbjs.org. ®
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