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A

THERAPEUTIC

BACKGROUND: Studies investigating the prevalence of brachial plexus
injuries associated with scapular fractures are sparse, and are frequently lim-
ited by small sample sizes and often restricted to single-centre experience.
OBJECTIVE: To determine the prevalence of brachial plexus injuries
associated with scapular fractures; to determine how the prevalence varies
with the region of the scapula injured; and to assess which specific nerves
of the brachial plexus were involved.

METHODS: The present study was a retrospective review of data from the
National Trauma Data Bank over a five-year period (2007 to 2011).
RESULTS: Of 68,118 patients with scapular fractures, brachial plexus
injury was present in 1173 (1.72%). In patients with multiple scapular
fractures, the prevalence of brachial plexus injury was 3.12%, and ranged
from 1.52% to 2.22% in patients with single scapular fractures depending
on the specific anatomical location of the fracture. Of the 426 injuries with
detailed information on nerve injury, 208 (49%) involved the radial nerve,
113 (26.5%) the ulnar nerve, 65 (15%) the median nerve, 36 (8.5%) the
axillary nerve and four (1%) the musculocutaneous nerve.
CONCLUSION: The prevalence of brachial plexus injuries in patients with
scapular fractures was 1.72%. The prevalence was similar across anatomical
regions for single scapular fracture and was higher with multiple fractures.
The largest percentage of nerve injuries were to the radial nerve.
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La prévalence de lésions du plexus brachial chez
les patients ayant des fractures scapulaires :
I’analyse d’une banque nationale de données sur
les traumatismes

HISTORIQUE : Il existe peu d’études sur la prévalence de lésions du
plexus brachial liées aux fractures scapulaires. Celles qui existent sont sou-
vent limitées par le petit échantillon et sont restreintes a 'expérience d'un
seul centre.

OBJECTIF : Déterminer la prévalence de lésions du plexus brachial asso-
ciées a des fractures scapulaires, établir la variation de la prévalence selon
la région de 'omoplate qui est touchée et évaluer les nerfs du plexus bra-
chial qui sont atteints.

METHODOLOGIE : La présente analyse rétrospective évaluait les don-
nées de la National Trauma Data Bank sur une période de cing ans (2007
a2011).

RESULTATS : Chez les 68 118 patients ayant des fractures scapulaires,
1 173 (1,72 %) avaient une lésion du plexus brachial. Chez les patients
ayant des fractures scapulaires multiples, la prévalence de lésions du plexus
brachial s’élevait a 3,12 %, et elle variait entre 1,52 % et 2,22 % chez ceux
qui en avaient une seule, selon la région anatomique ot elle était située. De
I'information détaillée était fournie sur la lésion nerveuse de 426 bles-
sures : 208 (49 %) touchaient le nerf radial, 113 (26,5 %), le nerf cubital,
65 (15 %), le nerf médian, 36 (8,5 %), le nerf axillaire, et quatre (1 %), le
nerf musculocutané.

CONCLUSION : La prévalence de lésions du plexus brachial s’élevait a
1,72 % chez les patients ayant des fractures scapulaires. Cette prévalence
était similaire entre les régions anatomiques lorsqu'il s’agissait d’une frac-
ture scapulaire simple, et plus élevée lorsque les fractures étaient multiples.
Les lésions nerveuses touchaient surtout le nerf radial.

Scapular fractures comprise 3% to 5% of all shoulder girdle fractures,
while accounting for <1% of all fractures (1). Fracture of the scapula
usually occurs after high-energy trauma; thus, approximately 90% of
patients have concomitant injuries (2,3). In a previous study investigat-
ing scapular fractures, McGahan et al (4) found that at four weeks
follow-up after injury, complaints pertaining to the shoulder, such as
decreased range of motion and pain, were limited to the subset of
patients who experienced neurological deficits in addition to their
scapular fracture. That article emphasized the importance of early recog-
nition and treatment of brachial plexus injuries to improving patient
outcomes. The purpose of the present investigation was to study a large
number of patients with different types of scapular fractures to determine
the prevalence of concurrent brachial plexus injuries; to determine how
prevalence varies in different regions of the scapula injured; and to assess
which specific nerves of the brachial plexus were injured. This informa-
tion may help to guide clinical suspicion and increase awareness of this
often devastating injury. The National Trauma Data Bank (NTDB), cur-
rently the largest trauma registry in the United States (US), containing
data on >5 million cases from >900 registered US trauma centres, was
used to gather the data (5).

METHODS
The present study was a retrospective review of the NTDB data set
from 2007 through 2011. The NTDB is an incident-centred database
that uses International Classification of Diseases, Ninth Revision (ICD-9)
codes to code for specific diagnoses. Because no patient identifiers
exist in the database, patient incidents are represented with unique
incident identifier keys.

All incidents involving scapular fracture, as assessed according to
ICD-9 diagnosis code, were extracted from the database. Specifically,
scapular fractures were divided into six anatomical regions according
to ICD-9 code: acromial process, coracoid process, body or spine
grouped together, glenoid cavity or neck grouped together, multiple
region fractures and unspecified region fractures.

The scapular fracture data were accompanied by a list of other injuries
associated with the given incident. Among these, injuries to the brachial
plexus were of interest. Brachial plexus injuries were divided according to
ICD-9 codes into injuries to specific nerves: axillary nerve, median nerve,
musculocutaneous nerve, radial nerve, ulnar nerve, cutaneous sensory
nerve of the upper limb, cervical root injury, other specified nerve injury,
multiple nerve injury and unspecified nerve injury.
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TABLE 1
Prevalence of brachial plexus injuries in scapular fractures
Scapular fracture

ICD-9 code (open Scapular Brachial plexus

location and closed fracture) fractures, n injuries*, n (%)
Unspecified location 811.00 and 811.10 39,314 597 (1.52)
Acromial process 811.01 and 811.11 2908 62 (2.13)
Coracoid process 811.02 and 811.12 2166 48 (2.22)
Glenoid cavity or neck 811.03 and 811.13 6361 122 (1.92)
Body or spine 811.04 and 811.14 14,769 263 (1.78)
Multiple fracture 811.99 2600 81 (3.12)
Total 68,118 1173 (1.72)

*(P<0.00001). ICD-9 International Classification of Diseases, Ninth Revison

Prevalence was computed as the percentage of incidents with asso-
ciated brachial plexus injury. The relationship of scapular fracture
location and occurrence of brachial plexus injury was assessed using
the y? test; P<0.05 was considered to be statistically significant.

To investigate which main branch of the brachial plexus was most
frequently injured in conjunction with a scapular fracture, attention was
restricted to injuries coded specifically for the five main branches of the
brachial plexus, to the exclusion of the other possible nerve injuries.

All statistical analysis was performed using the R statistical pack-
age (R, Developmental, Core, Team. R: A Language and Environment
for Statistical Computing, 2013. http://www.R-project.org)

RESULTS

In a five-year period (2007 to 2011), scapular fractures were observed
in 68,118 patient incidents. Fractures were coded as being to a specific
anatomical location in 26,204 (38.5%). The other 41,914 (61.5%)
fractures were coded as ‘unspecified location’ (39,314 [57.7%]) or
‘multiple fractures’ (2600 [3.8%]) (Table 1). Of the 26,204 scapular
fractures assigned to a specific anatomical location, fractures of the
body or spine comprised the largest group (14,769 fractures). Fractures
of the glenoid cavity or neck of the scapula comprised the second lar-
gest group (6361 fractures). Fractures of the acromial process com-
prised 2908 fractures, while those of the coracoid process comprised
2166 fractures (Figure 1).

Brachial plexus injury was present in 1173 (1.72%) of the
68,118 patients. The distribution of brachial plexus injuries throughout
different scapular regions is summarized in Table 1. Of the 1173 bra-
chial plexus injury incidents, 83 were coded under multiple ICD-9
codes: 70 of these were coded under two categories, nine were coded
under three and three were coded under >4. Thus, summing the bra-
chial plexus injuries within each brachial plexus injury category
yielded a total number of injuries slightly higher than the 1173 injury
incidents (Table 2).

While 747 brachial plexus injury incidents were not categorized
specifically as injuries to the five main branches of the brachial
plexus, 426 were. Of the 426 injuries with detailed information on
the nerve injury, 208 involved the radial nerve, 113 the ulnar nerve,
65 the median nerve, 36 the axillary and four the musculocutaneous
(Figure 2) nerves.

DISCUSSION

Studies have reported up to 90% concomitant injury rates in patients
with scapular fractures; the most frequently reported was the ipsilateral
rib fracture (40%) (4,6,7). High-energy traumas have the potential to
cause several life-threatening injuries such as pneumothorax, closed
head injury, arterial injury, pulmonary contusion, and splenic or liver
laceration (4,8). With mortality rates as high as 15% from these injur-
ies (8,9), recognition and treatment of the scapular fracture may be
delayed to address life-threatening injuries. However, scapular frac-
tures can cause devastating long-term neurological deficits and pos-
sibly even permanent disability of the shoulder and upper extremity,
with the most common neurological condition being an ipsilateral
brachial plexus lesion (4,8,9).
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Figure 1) Percentage distribution of the 26,204 scapular fractures accord-
ing to anatomical location according to International Classification of
Diseases, Ninth Revision code

Literature describing the prevalence of brachial plexus injuries
associated with scapular fractures is sparse, frequently limited by small
sample sizes and often restricted to patients from a single centre. The
reported prevalence of brachial plexus injury associated with fractures
of the scapula ranged from 5% to 13% in these earlier studies (4,6,10),
with the largest study investigating 121 patients in a single facility (4).
Our review of the NTDB revealed 1173 brachial plexus injuries in
68,118 patients with scapular fractures — a prevalence of 1.72%. This
percentage is significantly lower than that reported in previous studies.
Although these earlier reports are informative, our study explored data
pooled from numerous trauma centres nationwide, with a significantly
larger number of patients.

Over the past 30 years, only a handful of studies have used the con-
cept of dividing the scapula into its anatomical regions (4,6,7). Similar
to our study, Scavenius and Sloth (7), Armstrong and Van der Spuy (6)
and McGahan et al (4) reviewed 18, 62 and 121 patients, respectively,
with scapular fractures according to their anatomical distribution.
Scavenius and Sloth (7) found that 56% of the fractures were located
on the body of the scapula, while 44% were of the glenoid cavity or
neck of the scapula. Armstrong and Van der Spuy (6) found that 61%
of the fractures were of the body or spine of the scapula, 27% were of
the glenoid cavity or neck of the scapula, 9% were of the acromion and
3% were of the coracoid process (6). Finally, McGahan et al (4) found
that 49% of fractures were of the body or spine of the scapula, 36%
were of the glenoid cavity or neck, 8% were of the acromion and 7%
were of the coracoid. Our data from the 26,204 patients demonstrated
a similar distribution.

An earlier study investigating 11 acromial fractures noticed that
67% were associated with a brachial plexus injury and, thus, concluded
that brachial plexus injuries occurring alongside a scapular fracture are
usually caused by acromial fractures (4,6). Our finding would appear to
contradict those original reports in that of 2908 acromial fractures,
only 2.13% had associated brachial plexus injury. Similarly, the preva-
lence of brachial plexus injuries in other scapular locations appeared to
be fairly uniform, ranging from 1.78% to 2.22%. Interestingly, the
prevalence of brachial plexus injuries rose to 3.12% when multiple
scapular fractures were noted.
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TABLE 2
Distribution of nerve injuries in brachial plexus injuries
among patients with scapular fractures

Brachial plexus injury ICD-9 code(s) Injuries, n
Axillary nerve 955.0 36
Median nerve 955.1, 354.1 65
Ulnar nerve 955.2 113
Radial nerve 955.3, 354.3 208
Musculocutaneous nerve 955.4 4
Cutaneous sensory nerve of  955.5 4
upper limb
Cervical root injury 953.0 52
Other specified nerve 955.7 66
Multiple nerves 955.8, 953.8 7
Unspecified/general brachial ~ 955.9, 953.9, 953.4, 353.0 721

plexus injury
Total brachial plexus injury 1173
incidents

ICD-9 International Classification of Diseases, Ninth Revison

In a study involving 39 patients with a scapular fracture,
McGinnis and Denton (11) noticed that one of their patients had an
associated radial nerve injury. A separate case report discussed a
patient experiencing an isolated axillary nerve injury in association
with an acromial fracture (12). To our knowledge, these are the only
two studies that name the specific brachial plexus injury associated
with a scapular fracture. We found that of 426 injuries (with detailed
information available), the radial nerve was the most commonly
injured, comprising nearly one-half of main branch injuries, followed
by ulnar nerve injuries, accounting for nearly one-quarter of main
branch injuries. Therefore, if a brachial plexus injury is suspected,
special attention should be devoted to radial nerve and ulnar nerve
deficits because they account for nearly 75% of main branch lesions.

The most obvious limitation to our study was that the NTDB is
composed of data from large trauma centres that treat more severely
injured patients (5). Due to this higher injury severity and potentially
life-threatening injuries, brachial plexus injuries may be missed dur-
ing the primary and secondary survey. Some studies have shown that
the severity of the patient’s presentation is inversely related to the
detection of secondary trauma (5). This is partly due to the ‘satisfac-
tion of search’, which is the propensity to overlook less obvious con-
ditions after detecting a more apparent injury (13,14). In addition,
because a large number of patients with scapular fractures are uncon-
scious at the time of presentation, a brachial plexus examination must
wait and, thus, can be forgotten later in a patient’s hospital course.

A second limitation to our study was that some ICD-9 codes that
account for a substantial percentage of the total brachial plexus injur-
ies involve brachial plexus lesions that were not further classified
based on the specific nerve injured. For example, one of these categor-
ies, ICD-9 code 953.4 “brachial plexus injury”, is a general category
that does not provide any information about what specific nerve of the
brachial plexus was injured. All ICD-9 codes that comprise this ‘general/
unspecified injury’ category are listed in Table 2. The number of injur-
ies within these general codes were very informative in our discussion
of prevalence of brachial plexus injuries in patients with scapular
fractures; however, they were not useful in exploring which specific
nerves were most affected if a brachial plexus injury were to occur.

CONCLUSION
The prevalence of brachial plexus injuries (1.72%) was significantly
lower than previously reported in patients with scapular fractures. The
prevalence was similar across all anatomical regions of scapular frac-
ture, with the exception of multiple fractures that showed a higher
prevalence. The radial nerve accounted for the largest percentage of
nerve injuries.
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Figure 2) Percentage distribution of the 426 injuries to the five main
branches of the brachial plexus. n Nerve
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