
Abstract 17 patients had radiographic demonstration of
injury to the clavicle, scapula and ribs from an impact
delivered to the lateral shoulder. The study included
13 males and 4 females whose ages ranged from 18 to
83 years (average 45 years). Most injuries were sus-
tained in falls or motor vehicle accidents. Analysis of
these cases suggests a biomechanical hypothesis con-
cerning the transmission of the impact forces within the
shoulder girdle. According to this hypothesis, the impac-
tion force applied to the lateral shoulder is transmitted
from outside inward following two paths. The anterior
and superior path passes through the acromio-clavicular
joint, the clavicle, the costo-clavicular joint and the ster-
no-clavicular joint. The posterior and inferior path is
transmitted within the gleno-humeral joint, the scapula
and the scapulo-thoracic joint. Major impacting force is
required to disrupt the anterior and posterior arches of
the shoulder girdle. When both of these supporting struc-
tures are damaged, the patient is at risk for more serious
injuries, including disruption of the thorax, shoulder
joint, brachial plexus and neck.

Résumé Les auteurs communiquent l’observation des
caractéristiques communes pour 17 cas de traumatismes
complexes de l’épaule, associant comme lésions des
fractures de la clavicule de l’omoplate et des côtes. L’an-
alyse des cas suggère une hypothèse biomécanique con-

cernant la transmission des forces d’impaction traumati-
que au niveau de la ceinture scapulaire. Conformément a
cette hypothèse, la force traumatique appliqué sur la face
externe de l’épaule est transmise de l’extérieur vers
l’intérieur sur deux voies vectorielles. La voie antéro-
supérieure passe par l’articulation acromio-claviculaire,
la clavicule, l’articulation costo-claviculaire et l’articula-
tion sterno-claviculaire. La voie postéro-inférieure passe
par l’articulation gléno-humérale, l’omoplate et le com-
plexe scapulo-thoracique. Théoriquement, les lésions
peuvent se produire sur tout point du trajet vectoriel. En
particulier, les lésions peuvent se manifester au niveau
de l’arche antérieure ou postérieure du cintre omo-
cle-thoracique, en extérieur et a l’intérieur du cintre.

Introduction

Trauma to the lateral aspect of the shoulder is not un-
common [5, 8, 13, 26]. Usually the force applied to the
shoulder girdle is relatively mild, resulting in isolated le-
sions of the clavicle or of the acromion-clavicular joint.
Severe high-energy blunt trauma that “laterally impacts”
the shoulder is less common.

The purpose of this paper was to investigate and clas-
sify cases of combined lesions of the shoulder girdle re-
sulting from lateral impaction and explain the mecha-
nisms of these injuries.

Materials and methods

Seventeen patients who presented to our institution from
1995–1997 with severe blunt trauma, lateral impaction, to the
shoulder that included at least two ipsilateral injuries were retro-
spectively reviewed (Table 1). There were 13 male and 4 female
patients, ages ranging from 18 to 83 years (average 45.5 years).
Plain x-rays were made in all cases at admission, with at least 3
views of the shoulder girdle and at least 2 views of the thorax
(Fig. 1). Computed tomography with reconstruction was reviewed
when available.

The transmission of forces that occur during injury to the
shoulder was simulated using a tri-dimensional finite element
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analysis model. The model was created with 3Dstudio Max®

(KINETIX, San Francisco, CA 94107) running on a desktop
workstation. All of the injured structures were noted and placed on
the three-dimensional model of the chest, scapula, and upper limb.
The scapula and upper limb were modeled using an anterior and
posterior arch (Fig. 2). The anterior arch of the shoulder girdle
was defined as including the acromioclavicular joint, the clavicle,
the sternoclavicular and the costoclavicular joints. The posterior
arch of the shoulder girdle was defined as including the glenohu-
meral joint, the Scapula and the scapulothoracic joint.

The anterior and the posterior arches of the shoulder girdle are
connected by the Superior Shoulder Suspensory Complex (SSSC).
The SSSC is defined as the ring composed of the glenoid process,
the coracoid, the coracoclavicular (CC) ligaments, the distal clavi-
cle, the acromioclavicular (AC) joint and the acromion [10].

“External lesions” were defined as an injury that was superfici-
al to the shoulder girdle, such as humeral head fractures, glenohu-
meral dislocations, and soft-tissues trauma of the external border
of the shoulder (i.e. deltoid muscle, axilary nerve, skin and subcu-
taneous tissues). In addition, “internal lesions” were defined as an
injury located deep to the shoulder girdle such and included rib
and thoracic trauma, mediastinal, vascular, and neurologic inju-
ries.

The transmission of a medially directed virtual lateral impac-
tion force (LIF) on the external aspect of the shoulder was studied
by applying a vector analysis (Fig. 3). The LIF divides into

two resultant vectors – the Antero-Superior Force (ASF), and the
Postero-Inferior Force (PIF). The ASF is transmitted through the
anterior arch and the PIF through the posterior arch of the shoul-
der girdle. Shoulder function was clinically assessed at follow-up
using the Constant score [7] and a self-assessment questionnaire
that was developed by the authors. The result was considered ex-
cellent when the shoulder function allowed full range of motion,
pain-free activities and when the Constant score was higher than
80% compared to the opposite side. A good result was defined
when the range of motion was complete, but with occasional pain,
and with a Constant score between 60 and 80% compared to the
opposite side. The result was considered fair when the shoulder
was painful most of the time but allowing everyday activities, with
a score less than 60% as compared to the opposite side and poor
when the shoulder and/or the upper limb function was compro-
mised by a neurological injury.

A self-assessment questionnaire was completed by the patients
at the 6 months follow-up visit or by mail. This questionnaire as-
sessed the ability to perform activities of the everyday living
(comb the hair, brushing teeth, personal hygiene, lift 2 and 10 kg,
overhead activities possible or not), the level of pain on a 1–10 vi-
sual analog scale, and the ability to sleep comfortably. The pa-
tients rated also their global result as “excellent, good, fair and
poor” on a subjective basis. A radiological evaluation at follow-up
was also completed.

Results

Fifteen patients were able to describe the mechanism of in-
jury as a fall on the lateral aspect of the shoulder. There
were 9 falls from a 2-wheel vehicle (8 motorcycle and 1
scooter), 2 motor vehicle accidents with direct side-sweep-
ing and 2 auto-pedestrian accidents. There were 4 falls from
heights varying between 1 and 6 meters. The dominant
shoulder was injured in 9 cases (9 right-handed patients)
and the non-dominant shoulder was injured in 6 cases (5
right handed persons and 1 left-handed). There were 3 cases

Fig. 1 Mid-shaft clavicle, scapular body and multiple rib fractures
after an 8 m fall with landing on the tip of the shoulder. Hemo-
pneumothorax developed 24 h after admission, requiring thoracic
drain and ICU respiratory surveillance. Coexisting fracture of the
ipsilateral femur

Fig. 2a,b A severe lateral impaction injury as shown by the 3-dimen-
sional computer model

Fig. 3 Biomechanic hypothesis: distribution of the lateral impac-
tion force (LIF) within the anterior and posterior arches of the
shoulder girdle (superior view). Possible involved structures on
the anterior and posterior arches of the shoulder girdle: sterno-
clavicular joint (A), costo-clavicular ligament (B), Clavicle (C),
acromio-clavicular joint (D), proximal humerus (E), gleno-humer-
al joint (F), acromion and scapular spine (G), scapulo-thoracic
joint (H), scapula (I), coracoid process and attached ligaments (J),
brachial plexus and vessels (K), thoracic cage (L), pleuro-pulmo-
nary and mediastinal structures (M)
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with associated fractures of the ipsilateral superior limb,
that required osteosynthesis.

All patients had at least one lesion of the anterior arch of
the shoulder girdle and one lesion of the posterior arch of
the shoulder girdle. In addition, all patients had isolated or
multiple rib fractures. Other lesions were seen in the neigh-
boring regions of the shoulder girdle in 4 cases .

Five patients had polytrauma that included 4 femoral
fractures. Three patients required ICU admission for associ-
ated cranial trauma (1 case) or for respiratory assistance fol-
lowing massive haemo-pneumothorax and pulmonary con-
tusion (2 cases). Cervical sprains were noted in 2 cases. The
treatment for the lesions of the shoulder girdle was non-sur-
gical in 13 cases and surgical in 4 cases. Surgery was per-
formed when the shoulder girdle was shortened by more
than 20 mm. Surgery was not performed when concomitant
skin or soft tissue lesions might jeopardize the surgical re-
sult. Surgery consisted of fixation of the clavicle only and
was achieved using a Dynamic Compression Plate in three
cases and one Kirschner 2.0 wire in one case.

At six months of follow-up, all patients declared them-
selves stable in terms of shoulder function. One patient
was lost at follow-up but the other 16 were assessed clini-
cally and radiologically. Eleven patients had a good or ex-
cellent subjective and objective result. Two patients had
neurologic lesions leading to final functional losses. These
patients with neurologic injuries had surgery and had poor
results. Surgical indications included a complete brachial
plexus palsy and an axillary nerve palsy. One patient de-
veloped thoracic outlet syndrome. Two patients had resid-
ual AC joint pathology requiring treatment (one transfer
of the Coraco-Acromial Ligament with distal clavicular
resection for residual stage III AC separation and one AC
joint arthroscopic debridement for secondary arthritis).

The computer-generated model noted that internal
structures were damaged only if both the anterior and the
posterior arches of the shoulder girdle were disrupted.

Discussion

Complex shoulder trauma is not uncommon. Non-operative
treatment has been recommended in most cases [2, 28].

Some recommend clavicular osteosynthesis as the only sta-
bilizing procedure [8, 11, 12, 22], while others advocate os-
teosynthesis of both clavicular and scapular fractures [17].
The treatment of lesions that are assessed separately (i.e.
clavicular fracture, scapular neck fracture, GH dislocation)
may not be the same as for the injuries when they are as-
sessed together.

Goss [10] and Williams (personal communication)
believe that the stability of the shoulder girdle depends
on the integrity of the superior shoulder suspensory com-
plex (SSSC). The SSSC is defined as the ring composed
of the glenoid process, the coracoid, the coracoclavicular
(CC) ligaments, the distal clavicle, the AC joint and the
acromion. Williams and colleagues recommend non-
surgical treatment for all ipsilateral clavicle and scapula
fractures if the suspensory complex is intact and if the
shoulder girdle is not medially displaced by more than
20 mm. Williams noted that not all combined fractures
of the clavicle and of the scapular neck result in the clin-
ical appearance of a floating shoulder, but only those as-
sociating lesions of the AC and CA ligaments. However,
the SSSC model does not explain all associated injuries
(e.g. such as chest, ribs, nerve) that occur secondary to
high energy blunt shoulder trauma.

Shoulder girdle anatomic discontinuity has been as-
sessed separately from the accompanying thoracic trau-
ma, glenohumeral dislocations or proximal humeral frac-
tures [1, 14, 15, 18, 20]. Stanley et al. explained the
mechanism of clavicular fracture as due to blunt shoulder
trauma [26]. This fits in with our hypothesis on lateral
impaction forces and in fact may be an early stage of lat-
eral impaction injury. Scapular fractures have been asso-
ciated with rib and clavicular fractures, pleuro-pulmonary
lesions, extremity fractures, cervical sprains, and cranio-
cerebral trauma [4, 21, 27]. The same associations are
noted in publications on scapulothoracic (ST) disloca-
tions [3, 6, 9, 16, 19, 23]. These studies note that an asso-
ciated fracture of the ipsilateral clavicle and/or rib occurs
between 20 and 51% of the time (Table 2).

To our knowledge, a biomechanical approach for the
combined lesions of the shoulder girdle was first made
by Sommelet et. al. They noted the association of clavic-

Table 2 Series mentioning complex fractures of the shoulder girdle

Authors Year Purpose of study Total number of cases Complex ipsilateral fractures

1. Ada and Miller 1989 Scapular fractures 113 25%
2. Epraheim et al. 1986 Scapulo-thoracic dislocation 15 100%
3. Findlay 1937 Scapular fractures 39 Not precise (unknown)
4. Hardegger 1984 Scapular fractures 37 Not precise (unknown)
5. Herscovici et al. 1992 Floating shoulder 9 100%
6. Leung et al. 1993 Ipsilateral scapula and clavicle 15 100%
7. McGahan 1980 Scapular fractures 121 47%
8. McGinnis et al. 1989 Scapular fractures 39 92%
9. McGinnis and Denton 1989 Scapular fractures 40 26% clavicle, 51% ribs

10. Nordqvist and Petterson 1992 Scapular fractures 72 25%
11. Ramos et al. 1997 Ipsilateral scapula and clavicle 16 100%
12. Rikkli et al. 1995 Unstable shoulder girdle 12 100%
13. Sommellet et Féry 1978 Omo-Cleido-Thoracic syndr. 12 100%
14. Thompson et al. 1985 Scapular fractures 58 54%
15. Williams et al. 1999 Floating shoulder 15 100%
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ular, scapular and ribs fractures and called them “Syn-
drôme Omo-Cle-Thoracique”. The authors demonstrated
that this association is pathognomonic for lesions pro-
duced by lateral impaction and recommended stabiliza-
tion of the clavicle as unique procedure for treatment in
order to restore length of the shoulder girdle [24, 25].

Associated injuries from lateral impaction forces de-
pend on the direction of the initial force (antero-external,
postero-external, descending or ascending), the magni-
tude of this force, and on the compliance of the soft tis-
sues at the point of impact. The tissues in proximity to
the initial application area of the LIF will obviously ab-
sorb the energy of impact, sometimes resulting in severe
lesions of the skin, subcutaneous tissues, deltoid muscle,
of the lateral edge of the acromion or/and of vascular
and neurologic elements of the area.

The lateral impaction mechanism can explain the oc-
currence of both simple and complex lesions of the
shoulder girdle. Less severe trauma directed anteriorly
may affect only the AC joint or clavicle. Posteriorly di-
rected trauma may involve only the scapular spine, gle-
noid, or acromion. Severe lateral impaction which dis-
rupts both anterior and posterior arches may result cause
internal lesions such as bracial plexus, ribs, or pleura.

The anatomical lesions that are injured following a
lateral impaction injury to the shoulder are various and
may be misdiagnosed. There is need to define clearly the
possible lesions following such an injury. If both arches
of the shoulder girdle are disrupted, the surgeon should
look for internal and external lesions. The most common
internal lesion in our series were rib fractures, but there
were also pneumothoracies, brachial plexus injuries and
major vessels disruptions.

The final outcome of a lateral impaction injury of the
shoulder is depending on the so-called “associated le-
sions”. Out of the 17 cases in this series, only 2 cases
had a poor outcome, and these cases had concommitant
neurological lesions.

To our knowledge, all previous studies concerning
this specific type of trauma resulting in floating, drop-
ping or unstable shoulder girdle discuss the co-existent
features like ribs fractures or pneumothoracies as “asso-
ciated lesions”. If we consider the lateral impaction hy-
pothesis as correct, the possible lesions are not “associat-
ed”, but “co-existent”. They occur as a result of the same
mechanism and they should be evaluated and treated fol-
lowing a well-defined logarithm.

Both the anterior and the posterior arches of the
shoulder girdle support the gleno-humeral joint. The dis-
ruption of both arches can possibly result in lesions of
this joint.
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