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What Is the Relationship Between

®

Check for
updates

Maxillofacial Injury Location and
Associated Injuries?

Esa M. Farkkili, DDS, MD, * Erkka Oksanen, DDS,’
Eeva Kormi, DDS, MD,” and Jubo Suojanen, DDS, MD, PhD’

Background: Patients sustaining maxillofacial fractures are at risk for associated injuries (Als) to other
body regions. The incidence of Als is reported to be from 20 to 35%. Als may be life-threatening and play a
key role in considering first-line management at the emergency department, as well as planning the defin-
itive treatment of maxillofacial fractures.

Purpose: The study aimed to determine the frequency and risk factors for Als in patients with maxillo-
facial fractures.

Study Design, Setting, Sample: The investigators designed and implemented a retrospective cohort
study of patients with facial fractures treated at Central Hospital (Lahti, Finland) from January 1, 2009
through December 31, 2019. All adult patients with verified maxillofacial fractures were included. Patients
under 18 years of age were excluded from the study.

Predictor Variable: The predictor variable was the location of the maxillofacial fractures grouped into
three categories: mandible alone, midface alone, and both midface and mandible.

Main Outcome Variable(s): The primary outcome variable was associated body region injuries coded
as present or absent. The secondary outcome variable was the location of the Al categorized as skull, neck,
thorax, pelvis, or extremity injuries.

Covariates: Other study variables included demographic data (age, sex, alcohol use), Glasgow Coma
Scale, and etiology (fall, traffic- and bicycle accident, assault, pedestrian hit by motor vehicle, work-
related, or sports/free-time injuries).

Analyses: Continuous variables were analyzed for normal distribution using the Shapiro-Wilks test and
compared with categorical variables using the Mann-Whitney test. The univariate analyses of categorical
variables were analyzed by the x? test (P = .05 was considered statistically significant).

Results: During the study period, 443 adult (=18) patients had maxillofacial fractures. Als were present
in 88 subjects (20%). The mean age was 47.6 years (range 18-91); 52 years with Als (range 19-91), and
47 years (range 18-92) without Als (P = .03). Subjects with midface and mandible + midface fractures
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had greater risk to Als compared to mandibular fractures (relative risk 2.0, P = .002, relative risk 2.8,

P =.009).

Conclusion and Relevance: Every fifth maxillofacial trauma patient had an associated injury. Trauma
patients should be evaluated in institutions with trauma protocols and imaging modalities before deter-
mining and executing the treatment plan for maxillofacial fractures.

© 2024 The Authors. Publisbed by Elsevier Inc. on bebalf of the American Association of Oral and
Maxillofacial Surgeons. This is an open access article under the CC BY license (bttp.//

creativecommons.org/licenses/by/4.0/).
J Oral Maxillofac Surg 82:800-805, 2024

Patients sustaining maxillofacial fractures are at a high
risk for various concomitant traumatic injuries. The
incidence of these associated injuries (Als) is reported
to be from 20 to 35%."” As Als may be life-threatening,
they play a key role in considering first-line manage-
ment at the emergency department, as well as plan-
ning the definitive treatment of maxillofacial
fractures.”® In patients with maxillofacial fractures,
certain factors, such as high-energy trauma, severe
facial fractures, and advanced age, are reported to in-
crease the risk of concomitant Als."”® Skull fractures,
intracranial hemorrhages, and extremities are the most
common Als in patients with maxillofacial frac-
tures,®” and advanced age has been reported to in-
crease the risk of having a cervical spine injury (CSD
or rib fractures.”'”"* The risk of a head injury is
reported to be 3 to 20 times higher in patients with
a concomitant maxillofacial fracture.'® The incidence
and pattern of maxillofacial fractures are widely stud-
ie d 14-16

It is important to be aware of the high frequency of
concomitant Als in these patients even with low-
energy trauma. Several trauma protocols are used to
evaluate patients at the emergency department, and
Advanced Trauma Life Support protocols should be
followed.'”'® In large hospitals managing traumatic in-
juries, trauma surgeons are the first to evaluate pa-
tients with maxillofacial fractures. First, the airway is
secured, bleeding is controlled, and life-threatening in-
juries are managed. In outpatient settings and smaller
hospitals, oral and maxillofacial surgeons among other
reconstructive surgeons might be the first to evaluate
maxillofacial trauma patients. To evaluate and docu-
ment the association between maxillofacial fractures
and Als, we conducted a 10-year retrospective study
at Pajjat-Hame Central Hospital (PHCH) between
2009 and 2019. As the second largest nonuniversity
hospital in Finland, PHCH functions as an acute care
unit and a secondary referral hospital, serving a popu-
lation of 215,000 in the city of Lahti.

The purpose of this study was to determine the fre-
quency and risk factors for Als in patients with maxil-
lofacial fractures. The investigators hypothesize that
there is a set of one or more risk factors that are asso-
ciated with Al in settings of maxillofacial trauma. The

specific aims were 1) to determine the frequency of
Als in patients with maxillofacial fractures, 2) to iden-
tify the demographic and injury risk factors for Als, and
3) to describe specific Als among maxillofa-
cial fractures.

Material and Methods
STUDY DESIGN/SAMPLE

This was a retrospective cohort study of all patients
with maxillofacial fractures treated at PHCH (Lahti,
Finland) from January 1, 2009 through December
31, 2019.

The study was approved by the institutional review
board (D/18/07.01.04.05/2018 and  D/2929/
07.01.04.05/2020). Patients were identified from the
patient records based on the International Classifica-
tion of Diseases, Ninth Revision (2007 to 2014) codes
802.0 to 802.99, 805.0 to 805.18, 806.00 to 806.19,
and 847.0, and the International Classification of Dis-
eases, Tenth Revision (2015 to 2017) codes S02.2 to
S02.04, S02.6 to S026.9, and SO7. These codes corre-
spond to fractures involving the nasal bone, orbit,
zygoma, maxilla, and mandible. In this study, adult
(=18) patients were included as study subjects if
they had a maxillofacial fracture, complete medical re-
cords, and complete imaging data. Patients under the
age of 18 were excluded, as well as the patients coded
with a fracture diagnosis during admission but whose
later clinical and/or radiological examination ruled out
the diagnosis.

VARIABLES

The primary predictor variable was the location of
the maxillofacial fracture(s) and it was grouped into
three categories: mandible alone, midface alone, or
both midface and mandible. Subjects with mandible
fractures had a fracture of one or more of the following
regions: symphysis/parasymphysis, body, angle, or
ramus-condyle-unit. Subjects with midface fractures
had a fracture of one or more of the following bones
or locations: nose, zygoma, orbit, maxillary wall, and
Le Fort fractures.

The main outcome variable was the associated
injury (AD), whereas the secondary outcome variables
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were specific Al locations: skull, neck, thorax and
pelvis injuries, and injuries in extremities.

Covariates included demographic data (age, sex,
alcohol use), Glasgow Coma Scale, and etiology (fall,
traffic accidents [including motor vehicle crash,
motorcycle accidents, pedestrian hit by motor
vehicle], bicycle accident, assault, work-related or
sports/free-time injuries).

Patients were evaluated according to the general
trauma protocols, which were updated with the best
knowledge available, including Advanced Trauma
Life Support. In brief, the airway is secured, the
bleeding is controlled, and life-threatening injuries
are managed.

DATA COLLECTION METHODS

Hospital charts were reviewed for demographic
characteristics and injury-related data (bones involved,
mechanisms of injury, Als, and clinical findings).
Mandibular fracture sites were categorized based on
the radiographs (panoramic and/or computed tomog-
raphy scans). The sites were defined as follows: 1) par-
asymphyseal or symphyseal region, between the
canines; 2) body, from canines to second molars; 3)
angle, third molar area to the angle of the mandible; co-
ronoid, the temporalis muscle attachment area; and 4)
ramus-condyle-unit, as the proximal portion of the
mandibular bone. Other maxillofacial fractures and
sites also were confirmed on the imaging (computed
tomography scans). Als were divided into 5 categories
according to location: 1) skull, including intracranial
hemorrhage, contusion hematoma, and skull and cra-
nial vault fractures; 2) extremities; 3) thorax,
including lung, and thoracic spine injuries; 4) pelvis
and abdomen, including lumbar spine, kidney, spleen,
and liver injuries; and 5) neck, including CSIs and
blunt cerebrovascular injuries (BCVIs).

DATA ANALYSES

Statistical analyses were conducted with JMP pro-
15.0 (SAS Institute, Cary, NC) software. Continuous

Table 1. COVARIATES AND MAXILLOFACIAL FRACTURES

variables were analyzed for normal distribution using
the Shapiro-Wilk test and compared with categorical
variables using the Mann-Whitney test. The univariate
analyses of categorical variables were analyzed by the
X2 test. The data are presented as a mean (range) or
number (%). For all analyses, a P value of .05 or less
was considered statistically significant.

Results

During the study period, 443 adult (=18) patients
with maxillofacial fractures and adequate medical re-
cords were identified from the hospital records and
included as study subjects. Table 1 and Table 2 present
covariates, including the demographic data of the
study subjects. Als were present in 88 subjects
(20%). The mean age of subjects was 47.6 years (range
18 to 91); 52 years with Als (range 19 to 91); and
47 years (range 18-92) without Als. Subjects sustaining
mandibular fractures were younger compared to sub-
jects with midface fractures; regarding the subjects
with maxillofacial fractures, females were significantly
older (female mean age 55.3 vs male mean age 44.1
P < .0001). Of the 443 subjects, 302 (68%) were
male. The Glasgow Coma Scale for all subjects with
maxillofacial fractures was 14.8 and it was statistically
significantly lower in subjects with a concomitant Al
(14.1 vs 14.9, P < .001). Table 1 demonstrates the de-
mographic data and injury etiology between mandible
fractures, mandible plus midface fractures, and mid-
face fractures.

In descending order, fall (n = 167), assault (n = 142),
sport and free-time injuries (n = 38), and bicycle acci-
dents (n = 39) were identified as the most common
mechanisms of injury (Table 2). Subjects injured in
traffic accidents exhibited a significantly higher risk
to have an AI when compared to other mechanisms.
Regarding the maxillofacial fractures, an operative
treatment was chosen for 55% (n = 242) of the 443 sub-
jects. Within the group of these subjects, 197 (44%)
subjects tested positive for alcohol, 247 tested

Mandible FXs, Midface Fx, Mandible + Midface,
Covariates n =175 (40%) n =250 (57%) n =18 (4%) P Value
Age, mean (range) 45 (1892) 49 (1892) 49 (22-86) .09
Sex (male) (%) 119 (68) 170 (68) 12 (67) 99
GCS, mean (range) 14.9 (3-15) 14.7 (3-15) 14.8 (14-15) 17
Alcohol, positive test 66 (38) 123 (49) 8 (449) .06
Etiology 175 (40) 250 (57 18 (4) 001

Abbreviation: GCS, Glasgow Coma Scale.

Farkkila et al. Relationship Between Injury Location and Associated Injuries. | Oral Maxillofac Surg 2024.
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Table 2. DEMOGRAPHIC CHARACTERISTICS AND COVARIATES IN ALL MAXILLOFACIAL FRACTURE PATIENTS WITH

ASSOCIATED INJURY STATUS

All Subjects

Facial Fractures

With

Demographic Charasterics Facial Fx, With Associated Injuries, Without Associated Injuries,

and Covarietes n = 443 n = 88 (20%) n = 355 (80%) RR (CD P Value

Age, mean (range) 47.6 (1891) 52 (19-92) 47 (1892) - .03

Sex 443 88 (20) 355 (80) - 33
Male 302 (68) 57 (649) 245 (69) 08(.8-2.1) .33
Female 142 (32) 32 (36) 110 31)

GCS, mean (range) 14.8 (3-15) 14.1 (13.4-14.7) 14.9 (14.9 - 15.0) - < .0001

Positive alcohol 197 (44) 39 (44) 158 (45) 1.00.7-1.49 97

Etiology 443 88 (20 355 (80) - <.0001
Fall 167 37) 33 38 132 37) 1.0(0.7-15 .95
Assault 142 (32) 21 (29) 121 (34) 0.7(0.4-1.0) .07
Sports and free time 38 (9) 0O 38 (11) - .004
Bicycle 39 9 13 (15) 26 (7) 1.8(1.1-3.8) .04
Traffic accident 33 (D) 20 (23) 13 (4 6.2 (3.2-12.0)< .0001
Work-related 82 1 72 0.6 (0.1-3.9) .60
Other 16 (4 1 15 4 0.3 (0.05-2.2) .19

Abbreviations: CI, confidence interval; GCS, Glasgow Coma Scale; RR, relative risk.

Farkkila et al. Relationship Between Injury Location and Associated Injuries. | Oral Maxillofac Surg 2024.

negative for alcohol, and the data for alcohol consump-
tion were missing in 37 subjects.

Table 3 demonstrates the distribution of maxillofa-
cial fracture sites related to Als and risk ratio compared
to mandibular fracture and concomitant Al (relative
risk [RR] = 1). Of all subjects, 175 (40%) had a mandib-
ular fracture alone. Of those, 18 subjects had a simulta-
neous midface fracture, and 59 (13%) subjects had a
bilateral mandibular fracture. Midface fractures were
presented in 250 (56%) subjects. In subjects with mid-
face fracture (RR 2.0, 95% confidence interval 1.3 -3.2,
P = .002), the risk for an Al was two times greater
compared to mandibular fracture and with
mandible + midface fracture, the risk was 2.8 (RR
2.8, 95% confidence interval 1.3 - 6.0, P = .009).

In descending order, most frequent Als were skull
(n = 48), extremities (n = 44), and thorax injuries
(n = 22). Six subjects had neck injury including six
CSIs and two BCVIs.

Discussion

The purpose of this study was to determine the fre-
quency and risk factors for Als in patients with maxil-
lofacial fractures. Regarding this 10-year span
retrospective study, the specific aims were 1) to deter-
mine the incidence of Als in patients with maxillofacial
fractures, 2) to identify the demographic and injury
risk factors for Als, and 3) to describe specific Als
among maxillofacial fractures. It was hypothesized
that patients with high-energy trauma would have
the highest risk for Als.

In this study, 443 subjects had maxillofacial frac-
tures and 20% (n = 88) of those had a concomitant
AL Subjects with Als were older (mean age 52 vs 47)
and more often female (36 vs 31%) when compared
to subjects without Als. A retrospective study from
the level one trauma center at Helsinki University Hos-
pital found a similar distribution between the sexes

Table 3. MAXILLOFACIAL FRACTURE LOCATION AND ASSOCIATED INJURY RISK COMPARED TO MANDIBULAR

FRACTURE
Associated Associated
Fracture Locations Injury + n (%) Injury - n (%) RR (95% CD P Value
Fracture site 88 (20) 355 (80) - .002
Mandible 21 (12) 154 (88) 1
Midface 61 29 189 (76) 2.0(1.33.2) 0.002
Mandible + Midface 6 (33) 12 (67) 2.8 (1.3-6.0) 0.009

Abbreviations: CI, confidence interval; RR, relative risk.

Farkkila et al. Relationship Between Injury Location and Associated Injuries. | Oral Maxillofac Surg 2024.
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(male 30.8% and female 34.4%) in subjects with maxil-
lofacial fractures and Als.'” Kokko et al also found that
elderly subjects had at least a 1.6 times higher risk for
Als compared to adults, which was in line with our re-
sults. When looking at only the fall etiology in elderly
subjects, neither sex showed predominance.'” In the
current study, females were statistically significantly
older, which may explain our results.

Mandibular fractures were set as the reference level.
The RR of Als was 2.8 with mandible plus midface frac-
tures. Mandibular fractures were previously found as
an independent risk factor for CSIs and BCVIs.**’
Every fifth (n = 88/443) subject had an Al That is a
similar result noted in earlier reports."'**' Some
studies have found Als to be relatively common, occur-
ring in half of the maxillofacial fracture trauma pa-
tients.'** Both studies with a high incidence of Als
were from China, where traffic accidents were the
most common trauma etiology. This may reflect the
different traffic culture in comparison to other studies
with a lower incidence of Als.

In the current univariate model, midface fractures
were two times higher risk for an Al compared to
mandibular fractures. Similar results have been re-
ported in earlier studies." %’

High-energy mechanisms, such as a fall from a high
distance, bicycle accidents, and motor vehicle crashes,
are known risks for Als. In the current study, falls, as-
saults, and sport and free-time accidents were the
most common etiologies for maxillofacial fractures,
although these etiologies were less associated with
Als. Traffic accidents were statistically associated
with Als in subjects with maxillofacial fractures. This
result confirms the findings from previous
studies."***” Consuming alcohol increases the risk
of all types of traumatic accidents.”® In this study,
nearly half (44%) of the subjects consumed alcohol,
although alcohol was not associated with Als.

Skull injuries and extremities were the most
frequent Als in this retrospective study. Neck injury
was present in six subjects including six CSIs and
two BCVIs. Skull injuries were present in 48 subjects.
Previous studies have found an association between
maxillofacial fractures and skull injuries, CSIs and
BCVIs.>'+1220:27:2% ‘These Als above the clavicular
level usually originate from a direct impact to the cra-
niomaxillofacial region and may be presented in pa-
tients sustaining injuries only to the head.

The limitations of this study should be considered
and may affect the feasibility of the results regarding
the general trauma population. Due to the retrospec-
tive nature of this study, some patients had incomplete
data and had to be removed from the final analysis.
However, the large sample size over a 10-year period
likely compensates for this limitation. The long-term
consequences of these Als were not included as part

of the study since our objective was to recognize the
presence of these injuries and create a high level of
suspicion in our comprehensive trauma analysis.

Regarding the strengths of the study, this is a single
institution analysis of all maxillofacial trauma patients.
Moreover, the data are collected from a single patient
record system, limiting data collection errors.

In conclusion, the frequency of Als is one out of five
in maxillofacial trauma patients and meticulous pri-
mary trauma evaluations should take place in institu-
tions with proper trauma protocols and imaging
modalities before determining and executing the treat-
ment plan for maxillofacial fractures.
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