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Background: The quantitative anatomical relationships of the main ligamentous, tendinous, and osseous structures of
the sternoclavicular joint have not been widely investigated. The purpose of this study was to provide a quantitative
description of the sternoclavicular joint in relation to relevant surgical landmarks.

Methods: We dissected eleven nonpaired, fresh-frozen cadaveric sternoclavicular joints from four men and seven
women (mean age at death, fifty-three years; range, thirty-three to sixty-four years) and measured the ligaments, mus-
culature, and osseous landmarks with use of a three-dimensional coordinate-measuring device.

Results: The clavicular pectoralis ridge, located at the 9:30 clock-face position on a right clavicle, served as a reliable
osseous landmark for reference to the soft-tissue attachments around the sternoclavicular joint. The costoclavicular liga-
ment was the largest ligament of the sternoclavicular joint, with 80% greater footprint area than that of the posterior
sternoclavicular ligament. Articular cartilage covered 67% of the medial end of the clavicle and was located anteroinferiorly.
The sternohyoidmuscle inserted directly over the posterior sternoclavicular joint and themedial end of the clavicle, whereas
the sternothyroid muscle inserted 9.5 mm inferior to the posterior-superior articular margin of the manubrium and coursed
19.8 mm laterally along the first rib. An avascular plane that can serve as a ‘‘safe zone’’ for posterior dissection was
observed in each specimen, posterior to the sternoclavicular joint and anterior to the sternohyoid and sternothyroidmuscles.

Conclusions: The clavicular pectoralis ridge can be used as an intraoperative guide for clavicle orientation and tunnel
placement in sternoclavicular ligament reconstruction. Sternoclavicular joint resection arthroplasty should avoid injuring
the costoclavicular ligament, which is the largest sternoclavicular joint ligament. Resection of only the anteroinferior
aspect of the medial end of the clavicle may provide adequate decompression while preserving the stability of the clavicle.
The location of the sternohyoid and sternothyroid musculotendinous insertions appear to provide a ‘‘safe zone’’ for
posterior clavicle and manubrial dissection.

D isability following injury to the sternoclavicular joint
can range from pain, deformity, and discomfort to
devastating neurovascular complications1-8. Sterno-

clavicular pathology can be inflammatory or degenerative but is
typically due to a direct blow or indirect force transmitted from
the shoulder9,10. The injury pattern is predominantly either an
anterior or posterior dislocation with some degree of associated
ligamentous, disc, or cartilage damage11,12.

The ligamentous structures that stabilize the sternoclavicu-
lar joint are the posterior sternoclavicular ligament, the anterior

sternoclavicular ligament, the costoclavicular ligament, the inter-
clavicular ligament, and the intra-articular discoligamentous
complex12-14. Several authors have proposed that the costoclavicular
ligament is the predominant stabilizer of the sternoclavicular
joint10,15-17. However, other biomechanical data suggest that the
posterior sternoclavicular ligament is the primary stabilizer13.

Although some anterior sternoclavicular joint disloca-
tions can be treated nonoperatively, reduction and stabilization
of posterior sternoclavicular joint injuries is necessary as they
can cause catastrophic injury to the underlying mediastinal
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structures18. Surgical reconstruction requires posterior dissection
of the clavicle and a blind posterior dissection of the manu-
brium19-21. The mediastinal vasculature is, on average, 6.6 mm
deep from the posterior aspect of the sternoclavicular joint22.
Just anterior to the mediastinal vessels reside the strap muscles,
and these muscles could provide some protection during poste-
rior sternoclavicular joint dissection. Other muscles inserting
around the sternoclavicular joint include the pectoralis major,
sternocleidomastoid, and subclavius muscles. The anatomical
locations of the muscle insertions at the medial end of the
clavicle and at the manubrium are not well defined.

Currently, a paucity of information exists regarding the
quantitative anatomy of the sternoclavicular joint23. The pur-
pose of this study was to define the sternoclavicular joint anat-
omy, to quantify the ligament and muscle-tendon insertions
surrounding the sternoclavicular joint, and to define pertinent
osseous landmarks, which can serve as reproducible anatomical
landmarks during sternoclavicular joint surgery.

Materials and Methods

Dissections were performed on eleven nonpaired, fresh-frozen cadaveric
sternoclavicular joints from four men and sevenwomenwith no history of

clavicle, sternoclavicular joint, or manubrial surgery (mean age at death, fifty-
three years; range, thirty-three to sixty-four years). Radiographs of all speci-
mens were made to ensure absence of osteoarthritis and osseous abnormalities.
Specimens were randomly allocated; six right and five left sternoclavicular
joints were dissected.

Specimen Preparation
After removal of skin and subcutaneous fat from the forequarter specimen, the
clavicular origin of the pectoralis major muscle was marked and then the
muscle was removed. Meticulous dissection of the subclavius, sternocleido-
mastoid, sternohyoid, and sternothyroid muscle insertions was performed.
Additionally, the anterior sternoclavicular, interclavicular, posterior sterno-

clavicular, and costoclavicular ligaments were isolated and tagged with 2-0 silk
suture.

The sternumwas potted in a polymethyl methacrylate cylinder, and the
specimens were secured in a custom fixture, which rigidly stabilized the ma-
nubrium, clavicle, and first rib. The clavicle was secured in relationship to the
manubrium and first rib in neutral rotation and elevation. Two coordinate frames
were secured to the anterior aspect of the manubrium and the superior aspect of
the clavicle, respectively (see Appendix). For each specimen, a coordinate-
measuring device (MicroScribe MX, GoMeasure3D, Amherst, Virginia) was
used to collect three-dimensional positional data. The sternoclavicular coordinate
system used in this study wasmodeled on previously published recommendations
for a thoracic coordinate system24. The coordinate systemwas defined using three
points on the superior aspect of the manubrium: the most anteromedial, an-
terolateral, and posterolateral points. The anterior axis was aligned with the
anterolateral and posterolateral points, with the superior axis orthogonal to it,
in line with anteromedial and anterolateral points, and with the lateral axis
orthogonal to the others. A clock-face coordinate system was generated for the
clavicle with use of circumferential data points 2 cm from the joint line, with
12 o’clock defined as the most superior point (Fig. 1).

Anatomical Measurements
Three manubrial landmarks were used as reference points for data calculation
and included the superior aspect of the anterior and posterior manubrial articular
cartilage and the inferior aspect of the manubrial articular cartilage. Additionally,
two clavicular landmarks were used for calculations: the most inferomedial aspect
of the articular surface of the clavicle and a clavicular pectoralis ridge, which is
described later (Figs. 2 and 3).

Muscular, tendinous, and ligamentous insertions of interest were out-
lined in India ink and finely removed, allowing for precise measurement. The
India ink outlines were traced with the coordinate-measuring device. We cal-
culated footprint (region-of-attachment) area and center, orientation, and distance
from surgically relevant osseous landmarks. Footprint area was calculated using
the Heron formula centered on the anatomical average of all border points
acquired25-27. Ninety-five percent confidence intervals (95% CIs) for each
measurement were calculated using a t-distribution, given a sample size of <30.
One investigator (K.J.C.) performed all measurements to avoid interobserver
variability.

Fig. 1

Fig. 1-A Lateral viewof the sternoclavicular (SC) joint at themedial end of a right claviclewith clock-face positions indicated. Themost anatomically superior
point is 12 o’clock, and 9 o’clock faces anteriorly. The arrow indicates the clavicular pectoralis ridge, positioned at 9:30. Fig. 1-B Anatomical illustration of
the medial end of the clavicle, showing the extent of the articular surface and the attachment locations of the sternoclavicular, interclavicular, and
costoclavicular ligaments. Note the limited articular cartilage coverage and the large attachment area of the intra-articular disc.
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Fig. 2

Anterior view of the right sternoclavicular joint with clavicles removed.

Fig. 3

Anatomical illustration of both sternoclavicular (SC) joints (anterior view). Muscle attachments are excluded from the left sternoclavicular joint to illustrate
intra-articular structures. Cartilage is depicted as darker than the surrounding osseous structures.
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System Validation
To assess the accuracy of the coordinate-measuring device in our testing facility,
a single point articulation test (SPAT) based on the B89.4.22 ASME standard
and the manufacturer’s recommendations was performed. The average SPAT
result was 0.113 mm.

Statistical Methods
Data were assessed for symmetry and normality, and no evidence was found for
deviations from normality. Continuous variables were reported as the mean
and parametric 95% CI.

Source of Funding
No external source of funding was received.

Results

The targeted anatomical structures were identified in all eleven
specimens. The calculated measurements for each ligamen-

tous, tendinous, or osseous structure are reported in Tables I and
II. For point of insertion and location of osseous landmarks, a
clock face correlating with an on-end sagittal view of the medial
end of a right clavicle was used for quantitative purposes (Fig.
1 and Table I).

Osseous Landmarks
Clavicular Pectoralis Ridge
A longitudinal ridge along the anterior border of the medial
end of the clavicle was identified at the thin, tendinous origin
of the clavicular head of the pectoralis major muscle. There-

fore, this osseous landmark was defined as the clavicular
pectoralis ridge (Figs. 3 and 4). The pectoralis major muscle
belly filled a fossa inferior to the ridge. On a right clavicle, the
clavicular pectoralis ridge was located at the 9:30 clock-face
position. It was raised slightly from the surrounding bone and
ran the length of the origin of the pectoralis major on the
clavicle.

Costoclavicular Tubercle
The insertion of the costoclavicular ligament on the medial
end of the clavicle was located on the inferior edge of the
clavicle, with a definable and palpable tubercle in all speci-
mens located at the 7 o’clock position. As this tubercle is on
the inferior aspect of the clavicle and is covered by the stout
costoclavicular ligament, it was only palpable after dislocation
of the sternoclavicular joint.

Intra-Articular Disc and Articular Cartilage
The medial end the clavicle was covered with the closely as-
sociated intra-articular disc. The disc was complete in ten of
eleven specimens but had a tear in one specimen. The disc had
a robust insertion on the posterosuperior aspect of the clavicle
with peripheral attachments to the anterior and posterior
sternoclavicular ligaments (Fig. 1). Inferiorly, the disc had
a less robust attachment. The disc measured an average of
18mm (95%CI, 14.9 to 21.1 mm) in diameter and was 5.4 mm
(95% CI, 4.3 to 6.4 mm) thick and tapered centrally with

Fig. 4

Anatomical illustration of a right sternoclavicular joint (anterior view). Quantitative measurements (in mm) are given for the distance between the inferior
clavicular cartilage and themostmedial fibers of the costoclavicular ligament (themost cephalad line) and (the two inferior lines) the distance between the
center of attachment of the costoclavicular ligament and of the subclavius tendon on the first-rib cartilage and the inferior manubrial cartilage. The
subclavian vein is found posterior and lateral to the lateral edge of the costoclavicular ligament.
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concavity appreciated on both the clavicular and manubrial
sides.

Articular cartilage covered 67% (95% CI, 59.4% to
75.0%) of the medial end of the clavicle, with coverage only on
the anteroinferior aspect of the clavicle and including the in-
ferior portion and underside of the clavicle at its articulation
with the manubrial and first-rib costal cartilage. The antero-
superior margin of the cartilage began near the clavicular
pectoralis ridge (Fig. 1).

Tendon Insertions
Sternohyoid
The sternohyoid muscle was identified as a thin strap muscle
with insertion onto the posterior aspect of the sternoclavicular
joint capsule and the clavicle. The majority of the sternohyoid
insertion was on the clavicle (Fig. 5), with a long, thin insertion
extending medial to lateral (Table II). At its most medial edge,
the tendon insertion was 4.6 mm (95% CI, 1.0 to 8.2 mm)
lateral to and 1.1 mm (95% CI,21.7 to 3.9 mm) inferior to the
posterior-superior manubrial articular cartilage. The lateral
edge of the insertion was 19.5 mm (95% CI, 12.3 to 26.7 mm)

lateral and 5.2 mm (95% CI, 1.3 to 9.1 mm) inferior to the
superior manubrial articular cartilage.

Sternothyroid
The sternothyroid was identified as the deeper of the two strap
muscles, with a more inferior insertion on the posterior aspect
of the sternum and costal cartilage. It also had a long, thin
insertion running from medial to lateral. The medial edge of
the insertion was 0.3 mm (95% CI,22.4 to 3.1 mm) medial to
and 9.5 mm (95%CI, 5.5 to 13.6 mm) inferior to the posterior-
superior manubrial cartilage, while the lateral edge of the in-
sertion was 19.8 mm (95% CI, 12.4 to 27.1 mm) lateral to and
5.4 mm (95% CI, 0.7 to 10.3 mm) inferior to the superior
manubrial cartilage and was on the posterior first-rib costal
cartilage.

We found a fascial attachment between the right and left
muscle bellies of the sternohyoid and sternothyroid muscles
with a midline raphe that inserted onto the posterior aspect of
the manubrium. Anterior to this fascial layer and the muscle
bellies was a potential ‘‘safe zone’’ with no vascular structures
(Fig. 6).

Fig. 5

Anatomical illustration of the sternoclavicular joints (posterior view), showing the topography of themuscles in relation to the joint. The sternothyroidmuscle
is presented as translucent in order to illustrate the sternoclavicular joint and the sternohyoid muscle on the right side. Cartilage is depicted as darker
than the surrounding osseous structures.
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Sternocleidomastoid
The manubrial insertion of the sternocleidomastoid was
found to have a round tendon with a footprint area of 83.2
mm2 (95% CI, 67.5 to 98.9 mm2). The tendon was 7.7 mm
(95% CI, 4.7 to 10.7 mm) inferior to the superior ipsilateral
manubrial cartilage. The manubrial head of the sternoclei-
domastoid was 10.2 mm (7.0 to 13.3 mm) medial to the
closest manubrial cartilage. As the tendon coursed superi-
orly, it crossed over the superior half of the sternoclavicular
joint (Figs. 3 and 4).

The clavicular head of the sternocleidomastoid inserted
on the superior surface of the clavicle, with a broad linear
insertion. The insertion footprint area was 199.5 mm2 (95%
CI, 150.3 to 248.7 mm2), and the most medial extent of the
tendon was 9.9 mm (95% CI, 2.9 to 17.0 mm) lateral to the
superior articular margin of the clavicle.

Subclavius
The subclavius muscle belly had a long origin with the most
medial edge starting 20 mm (95%CI, 13.2 to 26.9 mm) lateral to
the inferior cartilage of the clavicle. The tendon coursed obliquely

to insert on the lateral aspect of the first-rib costal cartilage (Fig.
4, Table II).

Ligaments
Costoclavicular Ligament
The costoclavicular ligament was found to be a short, robust
ligament between the first-rib costal cartilage and the costo-
clavicular tubercle on the medial end of the clavicle. From its
origin on the first rib, it coursed frommedial to lateral to insert
on the inferior aspect of the clavicle. On the clavicle, the center
of the costoclavicular ligament was 13.8 mm (95% CI, 9.8 to
17.7 mm) lateral to the inferior sternoclavicular articular
margin and the most medial fibers were 10.3 mm (95% CI, 5.6
to 15.1 mm) lateral to the same point of reference (Fig. 4). On
the first-rib cartilage, the most medial fibers of the costocla-
vicular ligament were 8.3 mm (95% CI, 5.9 to 10.6 mm) lateral
to the inferior manubrial articular cartilage margin, and the
center of the insertion was 14.8 mm (95% CI, 12.6 to 17.0 mm)
lateral to the same point.

The costoclavicular ligament had the largest footprint of
the sternoclavicular joint-associated ligaments (Table I). The

Fig. 6

The borders of the ‘‘safe zone’’ for posterior manubrial and clavicle dissection are outlined (dashed lines). This zone represents an avascular plane that is
anterior to the mediastinum and superficial to the muscle bellies of the sternothyroid and sternohyoid muscles. Quantitative measurements (see Table II)
are given in millimeters.
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origin on the clavicle had a footprint area of 182.8 mm2 (95%
CI, 113.8 to 251.7 mm2), and the footprint on the first-rib
costal cartilage was 160.8 mm2 (95% CI, 136.0 to 185.6 mm2).

Posterior Sternoclavicular Ligament
The posterior sternoclavicular ligament appeared as a diffuse
thickening of the posterior joint capsule with no discrete lig-
ament identified. The broad manubrial attachment had an
origin centered 5.4 mm (95% CI, 3.6 to 7.1 mm) inferior to the
posterior-superior manubrial articular cartilage. However, the
entire origin extended proximally and distally from this point

(Fig. 5). The insertion on the clavicle was also broad with the
center of insertion located at the 4:30 clock-face position (Fig. 5
and Table I).

Anterior Sternoclavicular Ligament
The anterior sternoclavicular ligament was identified as an
oblique capsular thickening running from inferomedial to
superolateral across the anterior surface of the sternoclavicular
joint. Dissection of the ligament and anterior capsule revealed
it to be the anterior attachment of the intra-articular disc.
The manubrial origin was 11.2 mm (95% CI, 7.8 to 14.6 mm)

TABLE I Quantitative Characteristics of the Sternoclavicular Ligaments*

Structure
Manubrial

Footprint (mm2)
First-Rib

Footprint (mm2)
Clavicle

Footprint (mm2) Origin (mm) Insertion

Anterior
sternoclavicular
ligament

85.3 (64.0-106.5) 64.7 (50.9-78.5) 11.2 inferior
to SMC (7.8-14.6),
3.4 medial to
manubrial cartilage
(1.5-5.3)

10:00 position
(9:30-11:30)

Posterior
sternoclavicular
ligament

102.7 (79.0-126.4) 90.9 (70.3-114.4) 5.4 inferior to SMC
(3.6-7.1)

4:30 position
(3:30-5:30)

Costoclavicular
ligament

160.8 (136.0-185.6) 182.8 (113.8-251.7) Medial edge 8.3
lateral to IMC on
superior first rib
(5.9-10.6)

7:00 position
(6:00-8:00)
10.3 mm lateral
to inferior
SCJC (5.6-15.1)

Interclavicular
ligament†

37.5 (30.4-44.6) 1:30 position
(1:00-2:30)

Clavicular
pectoralis ridge

9:30 position
(9:00-10:30)

*Values are given as the mean with the 95% confidence interval in parentheses. Distances are given to the center of the ligament except for that
of the costoclavicular ligament, which represents the distance to the most medial edge. Clock-face position relates to viewing the articular surface
of the right clavicle frommedial to lateral. SMC = superior manubrial cartilage, IMC = inferior manubrial cartilage, and SCJC = sternoclavicular joint
cartilage. †The interclavicular ligament has no direct insertion on the manubrium but bridges from clavicle to clavicle.

TABLE II Quantitative Characteristics of Muscular Tissues Around the Sternoclavicular Joint*

Structure Reference Point Tendon Insertions (mm) Footprint Area (mm2)

Sternothyroid Medial edge 9.5 inferior to SMC (5.5-13.6), 0.3 medial to SMC (22.4-3.1) 279.7 (184.5-374.9)
Lateral edge 5.4 inferior to SMC (0.7-10.3), 19.8 lateral to SMC (12.4-27.1)

Sternohyoid Medial edge 1.1 inferior to SMC (21.7-3.9), 4.6 lateral to SMC (1.0-8.2) 234.5 (179.5-289.5)
Lateral edge 5.2 inferior to SMC (1.3-9.1), 19.5 lateral to SMC (12.3-26.7)

Sternocleidomastoid Manubrial insertion 7.7 inferior to SMC (4.7-10.7), 10.2 medial to manubrial
cartilage (7.0-13.3)

83.2 (67.5-98.9)

Subclavius First-rib insertion 14.2 lateral to IMC (10.4-18.0) 60.3 (46.4-74.3)

*Muscle tendon locations, in relationship to osseous intraoperative landmarks of the sternoclavicular joint, as well as footprint areas are
presented. Values are given as the mean with the 95% confidence interval in parentheses. SMC = superior manubrial cartilage, and IMC = inferior
manubrial cartilage.
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inferior to the anterior-superior manubrial articular margin
and 3.4 mm (95% CI, 1.5 to 5.3 mm) medial to the articular
cartilage, and just inferior and lateral to the sternocleidomas-
toid tendon insertion. On a right clavicle, the attachment was
located at the 10 o’clock position (Figs. 1 and 3).

Interclavicular Ligament
The interclavicular ligament was found in all specimens and was
the most readily identified of the sternoclavicular-associated joint
ligaments as a discrete ligament between the two clavicle heads.
The interclavicular ligament attachment was located at the 1:30
position (Fig. 1 and Table I).

Discussion

The most important findings of this study were the identifi-
cation of osseous landmarks, including the clavicular pec-

toralis ridge, which was located at the 9:30 position on a right
clavicle; the quantification of the costoclavicular ligament as the
largest ligament of the sternoclavicular joint; the characterization
of the articular surface of the medial end of the clavicle; and
further characterization of the sternothyroid and sternohyoid
muscle insertions located immediately posterior and inferior to
the sternoclavicular joint, providing a definable layer between the
posterior aspect of the sternoclavicular joint and the mediastinal
structures.

The clavicular pectoralis ridge was identified on the an-
terior surface of the clavicle in all specimens. We named this
structure the clavicular pectoralis ridge because it is the clavicular
attachment site for the pectoralis major muscle. With its position
noted in terms of a clock-face measurement, this landmark can
serve as a reference for all other pertinent structures. We believe a
clock-face orientation of the medial end of the clavicle is the most
reproducible method for determining structure location, as large
variations in clavicular size have been observed between individ-
uals and even from side to side within the same individual23,28.

With sternoclavicular joint instability or dislocation,
typically all ligamentous structures have been torn, and there is
no restraint to medial clavicle rotation or translation. Addi-
tionally, during surgical reconstruction of the anterior and
posterior sternoclavicular ligaments, a complete release of the
soft-tissue envelope surrounding the medial end of the clavicle
is required for exposure19,20. In these cases, the clavicular pec-
toralis ridge can be helpful in determining the anatomical ori-
entation of the clavicle to prevent iatrogenic malrotation.

Sternoclavicular joint stability is predominantly attrib-
uted to the costoclavicular ligament, the posterior sternocla-
vicular ligament, and the anterior sternoclavicular ligament.
Whether a resection arthroplasty or ligament reconstruction is
performed, sternoclavicular joint stability must be maintained.
Many authors have described the costoclavicular ligament as the
predominant stabilizer of the sternoclavicular joint in all planes
of motion except lateral clavicle depression14,16,17,29. Supporting
these assertions, we found the costoclavicular ligament to be
the largest ligament associated with the sternoclavicular joint.
However, Spencer et al. found the anterior and posterior ster-
noclavicular ligaments to be the primary stabilizers to anterior

and posterior stability, whereas the costoclavicular ligament pro-
vided limited stabilization13. Additional studies are needed to de-
termine the biomechanical characteristics of the costoclavicular
ligament.

Although the biomechanical importance of the costo-
clavicular ligament has yet to be defined, clinically, Rockwood
et al. have shown that costoclavicular ligament preservation is
necessary for good outcomes in cases of resection arthroplasty
of the sternoclavicular joint30. Regarding preservation of this
ligament, the distance from the inferior surface of the clavicle
to the center of insertion of the costoclavicular ligament pre-
viously was described, and our findings are consistent with
reports of 10 mm to 12.6 mm31,32. Our data support medial
clavicle resections of £10 mm to avoid compromising the in-
tegrity of the costoclavicular ligament31.

Previous techniques of resection arthroplasty have de-
scribed complete resection of the medial end of the clavicle.
However, we found that the articular cartilage covered only
67% of the medial end of the clavicle, with the coverage located
at the most anteroinferior aspect. Limited resection of only the
articular cartilage, as opposed to the entire medial end of the
clavicle, would have the benefit of maintaining the important
costoclavicular and posterior sternoclavicular ligaments and
may be of considerable benefit in arthroscopic sternoclavicular
joint decompression33-35. Studies regarding the location and
extent of medial clavicle resection to gain adequate decom-
pression and maintain stability are needed.

Through our investigation, we were able to characterize
the relationship of the sternohyoid and sternothyroid to the
posterior aspect of the sternoclavicular joint and identified the
presence of an avascular plane for posterior sternoclavicular
joint dissection. This avascular ‘‘safe zone’’ was between the
posterior aspect of the manubrium and the sternothyroid muscle
belly. On average, it extended from the posterior-superior ma-
nubrial articular cartilage inferiorly 9.5 mm and extended later-
ally from that point 19.8 mm along the posterior border of
the first rib. This ‘‘safe zone’’ also crossed the midline be-
tween the connective-tissue raphe of the two sternothyroid
muscle bellies.

The parameters of this ‘‘safe zone’’ for posterior dissec-
tion are particularly useful when performing dissection of the
posterior aspect of the manubrium. During figure-of-eight
sternoclavicular ligament reconstructions, posterior manubrial
dissection is required for safe tunnel placement19,20,35,36. Dissection
outside of the parameters of the ‘‘safe zone’’ places elevators and
retractors within the mediastinum, with increased risk of vas-
cular injury. The strap muscles are relatively thin and at risk for
injury, especially with posterior sternoclavicular joint dislo-
cation. In these cases, three-dimensional imaging should be
carefully evaluated to ensure these muscles remain intact. With
sternothyroid muscle disruption or attenuation, additional pre-
cautions should be taken with posterior sternoclavicular joint
dissection.

The authors of previous studies have reported qualitative
evaluations of the sternoclavicular joint with particular atten-
tion to the intra-articular disc and capsular and extra-capsular
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joint ligaments in relation to each other11,29,30,37. The current
study, in addition to reaffirming and expanding on previous
qualitative descriptions, provides quantitative values for foot-
prints of the intra-articular disc, the capsular and extra-capsular
ligaments, and the sternohyoid, sternothyroid, and sternoclei-
domastoid muscles. This study also adds to the work of Ponce
et al. regarding the dangers of operating in the region of the
sternoclavicular joint by describing an avascular ‘‘safe zone’’ for
posterior clavicle and manubrial dissection22.

The strengths of this study include radiographic screening
of all specimens, the use of a clock-face method to reference
the location of anatomical structures without the bias of size of
specimen, and the use of fresh-frozen cadaveric specimens all with
an age at death of less than sixty-five years. We acknowledge that
there are some limitations. A limited number of specimens were
used, which may limit the generalizability of our findings. We did
not report data stratified by sex or provide size comparisons of the
medial end of the clavicle, whichmay explain why we found some
variability among specimens in terms of the distance of structures
from osseous landmarks. Nonetheless, the consistent location in
all specimens of the clavicular pectoral ridge as well as the ster-
nohyoid and sternothyroid functioning as a layer separating the
posterior aspect of the sternoclavicular joint from the mediastinal
vessels debilitate these limitations partially. Finally, we did not
quantify the distance or relationship to important neurovascular
structures, as other authors have already reported these values22.

This anatomical study quantitatively defined the anat-
omy of the sternoclavicular joint. We identified a consistent
osseous prominence, the clavicular pectoralis ridge, to serve as
an intraoperative landmark. The costoclavicular ligament was

identified as the largest of the ligaments associated with the
sternoclavicular joint, and we found that only the anteroinfe-
rior aspect of the medial end of the clavicle was covered with
articular cartilage. We also identified a ‘‘safe zone’’ for posterior
dissection, a plane between the posterior aspect of the ster-
noclavicular joint and the muscle insertions of the sternohyoid
and sternothyroid, which can improve safety of surgical treat-
ment of sternoclavicular joint pathology.

Appendix
A figure showing the custom rig developed to secure each
specimen and an anterior view of a specimen that has been

secured is available with the online version of this article as a data
supplement at jbjs.org. n
NOTE: The authors acknowledge Kyle Jansson for his development of the custom fixture used for
rigid fixation of the specimen, Angelica Wedell and Barry Eckhaus for assistance with the illus-
trations, and Ryan Warth, MD, for manuscript preparation.
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