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Objectives: There are conflicting reports in the literature
regarding midshaft clavicular resections, and the role of
muscle integrity has not been studied before. This cadaver-
ic study was designed to investigate the effects of the
integrity of muscles after midshaft clavicular resections.

Materials and methods: In an experimental design, seven
fresh cadaver shoulders were used. After resection of 1.5 cm
of the clavicle, the trapezius, sternocleidomastoid, deltoid,
pectoralis major, and subclavius muscles were detached in
five combinations from none to all and with or without the
subclavius muscle included. Graded radiographs were taken
to measure the movements of the fragments during abduc-
tion, flexion, and extension of the shoulder. Measurements
were repeated three times for each procedure.

Results: Preservation of all muscle attachments to the
clavicle resulted in no abnormal coronal plane motion at
the osteotomy site. Similarly, no significant motion in the
coronal plane was observed upon detachment of the four
muscles with the subclavius muscle being intact.
However, detachment of the subclavius muscle alone or
in combination with the other muscles resulted in abnor-
mal motion between the fragments.

Conclusion: The subclavius muscle appears to be the
only structure preventing independent movement of the
fragments; thus, special care should be taken to maintain
the integrity of the subclavius muscle after midshaft clav-
icular resections.
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Amag: Literatiirde, klavikula orta kisim rezeksiyonu ko-
nusunda celigkili bilgiler bulunmakta ve bu iglem sonra-
sinda kas devamliliginin arastirilmadigr goriilmektedir.
Bu kadavra calismasinda, klavikula orta kisim rezeksiyo-
nu sonrasinda kas devamliliginin etkileri arastirildi.

Gerec ve yéntem: Bu deneysel ¢alismada yedi taze ka-
davra omzu kullanildi. Klavikula orta hattindan 1.5 cm
rezeksiyon yapildiktan sonra, trapezius, sternokleido-
mastoid, deltoid, pektoralis major ve subklavius kaslari
bes degisik kombinasyonda (tiimii-hi¢biri, subklavius da-
hil-degil) klavikuladan kesilerek ayrildi. Omza abdiiksi-
yon, fleksiyon ve ekstansiyon verilerek, fragmanlarin ha-
reketini 6l¢gmek icin isaretli radyografiler ¢ekildi. Her bir
durum i¢in dlgiimler ii¢ kez tekrarlandi.

Bulgular: Tiim kas baglantilarinin korunmas: durumun-
da, osteotomi alaninda anormal herhangi bir koronal ha-
reket gozlenmedi. Benzer sekilde, subklavius kasi klavi-
kulaya tutulu durumdayken, diger dort kasin ayrilmasi
da, koronal planda 6nemli bir harekete neden olmadi.
Subklavius kasinin tek basina veya diger kaslarla birlikte
ayrilmasi ise fragmanlar arasinda anormal hareket olusu-
muyla sonuclandi.

Sonuc: Fragmanlarin birbirinden bagimsiz hareketini
engelleyen tek kasin subklavius oldugu goriildii. Bu ne-
denle, klavikula orta kisim rezeksiyonu yapilirken, subk-
lavius kasmnin devamliligini korumaya 6zel bir dikkat
gosterilmelidir.

Anahtar sézciikler: Klavikula/yaralanma/cerrahi; osteotomi/
yan etki; periosteum/cerrahi; omuz kirigi/cerrahi.

e Received: November 8, 2005 Accepted: December 25, 2005

e Correspondence: Dr. zge Gunal. Egitmen Sok., No: 32/1, 356330 Balcova, izmir. Tel: 0232 - 279 03 29 Fax: 0232 -277 52 11

e-mail: izge.gunal@deu.edu.tr



The role of muscle integrity following midshaft clavicular resections: a cadaveric study 45

Although nonunion of the clavicle is uncommon, its
management presents a challenging problem."”
Serious complications encountered in surgical pro-
cedures have led several authors to recommend
nonoperative management because nonunions of
the clavicle are not always symptomatic.*” Wilkins
and Johnston" differentiated the atrophic form from
the hypertrophic form of nonunion and found that
patients with atrophic nonunion had fewer symp-
toms, possibly due to the absence of callus, dimin-
ished grating and crepitation that could be respon-
sible for pain. However, this conception was not
supported by others."” On the other hand, Patel and
Adenwalla® reported 11 clavicular fractures treated
by immediate resection of the fractured ends, simu-
lating a nonunion, and the results were excellent.
Similarly, congenital pseudoarthrosis of the clavicle
is not always symptomatic.”” However, Connolly
and Dehne"' cautioned against midclavicular resec-
tions, for this procedure had risk for impingement
of the fragments on the brachial plexus. These con-
flicting reports led us to design a cadaveric study to
investigate the effects of the integrity of muscles
after midshaft clavicular resection.

MATERIALS AND METHODS

Four fresh, unembalmed cadavers were used in the
study. The specimens were placed on the radi-
ographic table in supine position and cassettes
graded with 0.5 cm’ were placed between the
shoulder region and the table. First, radiographs
were taken with the arm in neutral position. This
revealed a healed fracture in one shoulder. This
shoulder was excluded and a total of seven clavi-
cles were used for the study.

The clavicle was exposed by a transverse inci-
sion over the midshaft. The dissection was carried
down to the clavicle and 1.5 cm of the clavicle was
removed with special care not to disturb the attach-
ments of the trapezius, sternocleidomastoid, del-
toid, pectoralis major and subclavius muscles (Fig.
1). Kirschner wires were driven into the medullary
canals of the medial and lateral fragments for more
precise measurements. Then, the shoulder was
moved to 45, 90 and 120 degrees of abduction, 45
and 90 degrees of flexion, and 45 degrees of exten-
sion and radiographs were taken in each position.
The position of the arm was measured with a man-
ual goniometer, with the stationary arm being on
the trunk and the movable arm parallel to the

humerus. No traction was applied to the arm dur-
ing these movements. In the second stage, the
trapezius, sternocleidomastoid, deltoid, and pec-
toralis major muscles were stripped off the clavicle
(only the subclavius muscle was left undisturbed)
and the study was repeated. In the third stage, the
subclavius muscle was also detached and the radi-
ographs were taken with the same shoulder move-
ments. In the last cadaver (two shoulders), detach-
ment of the muscles was began with the subclavius
muscle (stage 4) and went on with the other muscles
(stage 5). Additionally, the periosteum between the
fragments was repaired in this cadaver.

The motion in the coronal plane was directly
measured on graded radiographs as the difference
between the levels of the fragments. The change in
the level of the Kirschner wires was assessed as the
motion in the transverse plane. Changes equal to,
or less than two millimeters of the cortical thick-
ness of the clavicle were assessed as insignificant.
Measurements were repeated three times for each
procedure.

RESULTS

No significant motion was observed with either in
flexion or extension of the shoulder. The results
with shoulder abduction are displayed in Table I.
Preservation of the muscle attachments to the clav-
icle resulted in no abnormal coronal plane motion
at the osteotomy site. Similarly, detachment of the

Fig. 1. Muscle attachments of the clavicle. T: Trapezius; D:
Deltoid; P: Pectoralis major; S: Sternocleidomastoid; Sc: Subclavius.
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TABLE |

Motion of the clavicular fragments by abduction of the shoulder (meanzstandard deviation)

45° 90° 120°
Stage 1 (T, D, P, S, Sc) - - -
Stage 2 (Sc) - - -
Stage 3 (-) - 5.42+0.98 7.57+£1.96
Stage 4 (T, D, P, S) - 4.30 and 5.00 6.50 and 6.20
Stage 5* (-) - - 3.20 and 2.80

Intact muscles are given in parentheses. T: Trapezius; D: Deltoid; P: Pectoralis major; S: Sternocleidomastoid;

Sc: Subclavius; *Periosteum was repaired.

trapezius, sternocleidomastoid, deltoid, and the
pectoralis major muscles did not give rise to any
significant motion in the coronal plane (Fig. 2).
However, when the subclavius muscle was also
detached, there was abnormal motion between the
fragments. In two shoulders, repair of the perios-
teum between the fragments prevented motion
below 120 degrees of abduction (Table I). When the
subclavius muscle was detached while keeping the
other muscles intact (stage 4), the motion was sim-
ilar to the situation when all the muscles were
detached (stage 3, Fig. 3).

DISCUSSION

The clavicle is the bony link between the thorax
and the shoulder and serves several important

Fig. 2. All the muscles except for the subclavius are
detached and no abnormal motion is present at 120
degrees of shoulder abduction.

functions: it acts as a rigid base for muscular
attachments, forms a strut holding the gleno-
humeral joint, increases the power of the arm-
trunk mechanism, provides protection for the
subclavicular neurovascular structures, and is rel-
evant to cosmesis.” Although some authors rec-
ognize these functions and avoid resection of the
clavicle,”""" total or partial excision have been
advocated by others.”*"”" This approach is based
mainly on the relatively benign nature of the con-
genital pseudoarthrosis of the clavicle.”*""
Similar controversy exists as to whether to oper-
ate on nonunions of the clavicle."”"*" These con-
flicting reports suggest that the integrity of mus-
cles may be the reason for discrepant results and
concepts.

Fig. 3. When only the subclavius muscle is detached,
abnormal motion is present even at 90 degrees of shoul-
der abduction.
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The clavicle serves as a base for the attachment
of five muscles. When the trapezius, sternocleido-
mastoid, deltoid, and pectoralis major muscles
were detached off the clavicle no significant
motion was observed between the fragments
(stage 2, Table I). In this situation the only muscle
left intact was the subclavius, keeping the frag-
ments together and preventing abnormal coronal
plane motion. However, when only the subclavius
muscle was detached, there was abnormal motion
between the fragments, proportional to the degree
of abduction of the shoulder (stage 4, Table I),
almost identical to the situation when all muscles
were detached (stage 3, Table I).

These results clearly indicate the importance of
the integrity of the subclavius muscle to coronal
stability after clavicular fractures or midshaft
resections. The exact function of the subclavius
muscle in physiologic conditions is not known; it
probably pulls the point of the shoulder down and
forward, and braces the clavicle against the articu-
lar disc of the sternoclavicular joint.” However,
because of its location, it serves as a protective
cushion between the clavicle and the neurovascu-
lar structure when this bone is broken.” Our find-
ings show that the subclavius muscle protects the
neurovascular structures by not only acting as a
cushion, but also avoiding independent motion of
the fragments in the coronal plane.

A similar situation may occur in cases of con-
genital pseudoarthrosis of the clavicle, which
rarely produce symptoms.”*"*" It was observed
that, in congenital pseudoarthrosis of the clavicle,
two portions of the clavicle were united by a liga-
ment.” In our opinion, the subclavius muscle may
act like this ligament in midshaft clavicular resec-
tions, for it is the only structure that crosses the
two fragments at this region.

Previous reports on midshaft clavicular resec-
tions did not mention the integrity of the subclav-
ius muscle."”***" Patel and Adenwalla® reported
that resecting the segment of the clavicle subpe-
riosteally and suturing the periosteum was associ-
ated with excellent clinical results. In the present
study, suturing the periosteum between the frag-
ments prevented motion up to 120 degrees of
abduction (stage 5).

The occurrence of pain following clavicular
fractures was associated with the grating and

crepitation of the ends of the fragments and with
direct impingement on the brachial plexus.**’
Resection of the ends of the fragments may elim-
inate grating and crepitation. Additionally, if the
integrity of the subclavius muscle is not dis-
turbed, it continues serving as a protective cush-
ion between the clavicle and the neural struc-
tures.”

In conclusion, although the mechanical func-
tions of the clavicle is not in the scope of this study,
our results suggest that abnormal motion of the
fragments is avoided if the integrity of the sub-
clavius muscle is maintained after midshaft clavic-
ular resections. Yet, studies with more specimens
are mandatory for more conclusive implications.
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