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Abstract

This study was performed to examine the epidemiological features of maxillofacial fracture, including the incidence, causes, age and |
sex distribution, methods of treatment, and prognosis, in a local area.

A retrospective study was performed to investigate the epidemiological characteristics of 829 patients with maxillofacial fractures
treated in a hospital in northern China from August 2011 to July 2019. Sex, age, etiology, fracture site, and treatment method were

obtained from the medical records.

The average age of all 829 patients was 36.1 years, and most patients were in the 20- to 29-year age group. The male to female
ratio was 3.04:1.00. Traffic accidents were the main cause of the maxillofacial fractures. The mandible was the most commonly
fractured bone, and the parasymphysis was the most frequently affected site. Head injury was the most common associated injury.
Open surgery with internal fixation was the first-choice treatment for most cases.

Traffic accidents were the main cause of maxillofacial fractures, followed by falling. Open surgery with internal fixation was the
leading treatment choice. Both functional and esthetic outcomes should be considered in the treatment of maxillofacial fractures

Abbreviations: IMF = intermaxillary fixation, ORIF = open reduction and internal fixation, RTA = road traffic accident.
Keywords: epidemiology, internal fixation, mandibular fracture, maxillofacial fracture, retrospective study, traffic accident
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1. Introduction

Because of the specific anatomical features of the face,
maxillofacial fractures are commonly seen in patients with facial
trauma such as nasal fractures, jaw fractures, and eye injuries.'!
Facial trauma often leads to functional, esthetic, and psychologi-
cal problems with resultant social and economic burdens.*! With
the rapid development of the economy and the increase in social
activities, the incidence of facial fractures in China is rising. The
risk factors for maxillofacial fractures include age and sex, and
the etiology varies depending on different geographical, social,
cultural, economic, and environmental factors.>! Considering the
complexity of the geographic environment in China, the patterns
of facial fractures in different regions of this country need to be
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studied. A better understanding of the epidemiologic features of
fractures can help to promote the implementation of effective
preventive actions and improve the clinical treatment.!
However, studies on the epidemiological features of maxillofacial
fractures in China are still lacking. Therefore, the present
retrospective study was performed to analyze the epidemiologic
features and treatments of such fractures in a metropolitan urban
area in northern China.

According to previous studies,'?! traffic accidents and violence
are considered the most common causes of maxillofacial fractures
in developing and developed countries, respectively.’! The
mandible is the primary bone involved in maxillofacial fractures.
Some studies have demonstrated that in terms of prevalence, the
condyle and parasymphysis are the most commonly affected sites in
patients with mandibular fractures.”™ The treatment of maxillofa-
cial fractures includes both conservative and surgical methods.
Because maxillofacial trauma often leads to morbidity and
disability, treatment and rehabilitation should be performed with
consideration of the psychological and esthetic effects.!® Further-
more, maxillofacial fractures are usually costly to treat because of
both direct costs such as the cost of surgery as well as indirect costs
such as time away from work. As a result, maxillofacial trauma is a
serious burden on individuals and society.””!

China is the third largest country by area and possesses the
largest portion of the worldwide population. The differences in
geographic features among various regions of China not only
affect the cultural, economic, and social features of maxillofacial
fractures but also affect the patterns of such fractures. The city of
Shenyang, where the present study took place, is a central city in
the northernmost part of China that is characterized by the
coldest weather and shortest daytime. As a result, it has a distinct
pattern of facial fractures compared with other areas. For
example, the incidence of alcohol intoxication-related facial
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fractures is higher than that in other areas, especially during the
night. This unique feature of facial fractures may be due to the
cold weather and long night time. A better understanding of
epidemiological patterns may help to allocate health care
resources in a more reasonable and fair manner to facilitate
the prevention and control of these fractures. In the present study,
we retrospectively analyzed the data of patients with maxillofa-
cial fractures treated in a hospital in northern China. The age,
sex, etiology, fracture sites, associated injuries, treatments, and
outcomes of these patients were investigated and compared.

2. Materials and methods

This retrospective study covered an 8-year time period. All data
were collected from the medical records of patients with facial
fractures treated at the Department of Oral and Maxillofacial
Surgery of Shengjing Hospital, China Medical University,
Shenyang, China from August 2011 to July 2019. All patients
were evaluated by oral and maxillofacial surgeons, and the
findings of clinical and radiographic examinations (mainly
computed tomography) were used as evidence for diagnosis.
The exclusion criteria were incomplete medical records, the
performance of other procedures such as removing a plate from a
previous surgery, and immediate treatment on an outpatient basis
without hospitalization.

The patients’ medical records were analyzed for the following
data:

(1) age and sex;

(2) cause of the trauma (traffic accident, fall, violence, industrial
injury, sports injury, or blast injury);

(3) fracture site (mandible, orbital region, maxilla, or zygomatic
complex);

(4) associated injuries (head injury, limb injury, chest and
abdominal injury, visual dysfunction, or cervical vertebra
injury); and

(5) treatment [open reduction with internal fixation (ORIF)
alone, ORIF combined with intermaxillary fixation (IMF),
conservative treatment, or open reduction only].

The fracture type and patient’s condition were considered
when choosing the treatment method. After the surgery, the
patients received antibiotic treatment and specific oral hygiene
care. An antibiotic oral mouth rinse was given to the patients
three times a day.

Epidemiological data, including age, sex, cause of injury,
fracture site, and treatment method, were recorded and analyzed.
All data in this study were analyzed by SPSS 16.0 (SPSS Inc.,
Chicago, IL). The statistical significance of differences between
parameters was ecvaluated with the chi-square test. The
significance level was set at P <.05.

The protocols were approved by the Clinical Research Ethics
Committee of Shengjing Hospital of China Medical University.
All methods were carried out in accordance with relevant
guidelines and regulations. The patient’s medical records remain
completely confidential.

3. Results

3.1. Age and sex

In total, 829 patients with maxillofacial fractures treated from
August 2011 to July 2019 were included in this study. Among
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The age and gender distribution.

Age (yr) Male [n (%)] Female [n (%)] Total [n (%)]
0~9 27 (3.256) 27 (3.256) 54 (6.51)
10~19 59 (7.11) 24 (2.90) 83 (10.01)
20~29 147 (17.73) 33 (3.99) 180 (21.71)
30~39 120 (14.47) 31 (3.74) 151 (18.21)
40~49 126 (15.20) 38 (4.58) 164 (19.78)
50~59 103 (9.02) 26 (1.98) 129 (15.56)
>59 42 (2.06) 26 (3.14) 68 (8.20)
Total 624 (75.27) 205 (24.73) 829 (100)

these patients, 624 (75.27%) were men and 205 (24.73%) were
women (male: female ratio, 3.04:1.00). Their average age was
36.1 years (range, 1-89 vyears). The highest incidence of
maxillofacial fracture occurred in the 20- to 29-year age group
(21.71%) (Table 1). As shown in Figure 1, the incidence of
maxillofacial fracture remained quite stable throughout the 8-
year study period. The patients’ demographic profile also
remained consistent, and most of the patients were male. During
the last year, the female: male ratio was slightly higher than that
in other years. The mean age of the patients increased from 34.03
to 37.29 years during the 8-year study period, but the increase
was not statistically significant.

3.2. Etiology

The causes of maxillofacial fractures included traffic accidents,
falls, violence, sports injuries, and blast injuries. Traffic accidents
were the most common cause of maxillofacial fractures with 379
cases (45.72%), followed by falls with 256 cases (30.88%).
Industrial injuries and violence accounted for 5.91% and 8.68%,
respectively. Sport injuries, blast injuries, and crash injuries
accounted for 73 cases (8.81%). The etiology pattern varied
among the different age groups. However, traffic accidents were
still the main cause among all age groups (Table 2). The incidence
rates for different types of traffic accidents are summarized as
follows: car accident, n=188 (49.6%); motorcycle accident, n=
140 (36.9%); and bicycle accident, n=51 (13.5%). Analysis of
the etiology in terms of sex showed that traffic accidents and falls
were the leading causes of maxillofacial fracture in both male and
female patients (Fig. 2). The highest incidence rate of violence-
related maxillofacial fractures occurred in the 19- to 29-year age
group, and industrial injury-related fractures mostly occurred in
middle-aged patients (40-49 years of age). Traffic accidents as a
cause of fractures significantly increased during the 8-year study
period (from 44.04% in the first 4 years to 47.04% in the last 4
years, P=.034). Falling as a cause of maxillofacial fractures also
significantly increased from 22.93% to 26.35% (P=.028).
Among patients involved in traffic accidents, there was a
significant decrease in the proportion of male patients (from
72.34% in the first 4 years to 68.59% in the last 4 years, P=.023)
but a significant increase in the proportion of female patients
(from 27.66% to 31.41%, P=.018). The proportions of male
and female patients in the falling group remained steady
throughout the study.

3.3. Fracture site

There were 1486 fracture sites among the 829 patients, meaning
that each patient had 1.79 fracture sites. Mandibular fractures
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Figure 1. Incidence of maxillofacial fracture.

The etiology distribution of maxillofacial fracture.

Total [n (%)]

Etiology <18 yr[n (%)] 19~29 yr [n (%)] 30~39 yr [n (%)] 40~49 yr [n (%)] >50 yr[n (%)]
Traffic accident 58 (7.00) 94 (11.34) 65 (7.84) 64 (7.72) 98 (11.82)
Fall 54 (6.51) 51 (6.15) 46 (5.55) 49 (5.91) 56 (6.76)
Violence 5 (0.60) 22 (2.65) 19 (2.29) 17 (2.05) 9 (1.09)
Industrial injury 2 (0.24) 7 (0.84) 5 (0.60) 19 (2.29) 16 (1.93)
Other (Sport, Blast, crash injury) 10 (1.21) 14 (1.69) 16 (1.93) 15 (1.81) 8 (2.17)
Total 129 (15.56) 188 (22.69) 151 (18.21) 164 (19.78) 197 (23.76)
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Figure 2. Sex-related pattern of the causes of maxillofacial fracture.
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Injury sites of maxillofacial fractures.

Site n (%)
Mandible
parasymphysis 257 (17.29)
condyle 135 (9.08)
Body 133 (8.95)
Angle 44 (2.96)
Ramus 16 (1.08)
Alveolar process 3(0.20)
Orbital 435 (29.27)
Lateral wall 98 (6.59)
Medial wall 140 (9.42)
Lower rim and floor 197 (13.26)
Maxillary
LEFORT | 32 (2.15)
LEFORT Il 59 (4.64)
LEFORT i 28 (1.88)
other 122 (8.21)
zygomatic
zygoma 98 (6.59)
arch 69 (4.64)
zygomatic complex 55 (3.70)
Total 1486 (100)

were the most common, affecting 389 patients (47%) and
accounting for 588 sites (40%). The next most common site was
the orbital bone, affecting 242 patients (30%) and accounting for
435 sites (29%). Among orbital fractures, lower rim and floor
fractures were the most commonly seen (n=197, 13.26%),
followed by fractures of the medial wall (n=140, 9.42%) and
lateral wall (n=98, 6.59%). In total, 241 (29%) patients had
maxillary fractures and 222 (27%) had zygomatic fractures.
Among the patients with mandibular fractures, the para-
symphysis was the most commonly affected site, and the next
most common was the condyle. Among the patients with
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maxillary fractures, 32 had Le Fort type I fractures, 59 had Le
Fort type II, and 28 had Le Fort type III (Table 3). In terms of the
etiological distribution of the maxillofacial fracture sites, road
traffic accidents were the main cause of fractures at any site. As
shown in Figure 3, falling was the cause of mandibular fractures
in a significantly higher proportion of cases (P=.029), and
violence was the cause of zygomatic fractures in a significantly
higher proportion of cases (P=.017). Notably, the mandibular
third molar is a proven risk factor for mandibular angle fractures
and has a relationship with condyle fractures.

3.4. Associated injuries

Head injuries were found in 154 (19%) of the 829 patients and
were the most common associated injury of maxillofacial
fractures. The next most common associated injures were limb
injuries (n=142, 17%), chest and abdominal injuries (n=129,
16%), visual dysfunction (n=92, 11%), and cervical vertebra
injuries (n=35, 4%) (Fig. 4).

3.5. Treatment

Among the 829 patients, 287 (35 %) were treated with ORIF alone,
261 (31%) were treated with ORIF combined with IMF, 142
(17%) received conservative treatment, and 35 (4%) were treated
with open reduction alone (Fig. 5). Conservative treatment was
mostly performed for zygomatic fractures and condyle fractures;
23.5% ofzygomatic fractures and 35.0% of condyle fractures were
treated conservatively. Most of the mandibular and orbital
fractures were treated by ORIF. Most condyle fractures in
pediatric patients were treated conservatively.

4. Discussion

Many patients are transferred or referred to Shengjing Hospital
of China Medical University because of its favorable location and
advanced medical devices. In total, 829 patients with maxillofa-

400
300
250
200
150
100
50
0
mandible arbital
m traffic accident mfall

B violence

Zygomatic

maxillary

industrial injury  m other

Figure 3. Distribution of etiologies at different fracture sites.
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Figure 4. Distribution of associated injuries.

cial fractures were treated in our department from August 2011
to July 2019. In this retrospective study, we obtained useful
epidemiological information by analyzing the medical records of
these patients. Such an investigation can help us to improve our
treatment and more effectively manage facial trauma.

The incidence rate of maxillofacial trauma has been rising in
recent years worldwide.'®! Maxillofacial trauma has a higher
morbidity rate than other types of trauma because the facial
region is an exposed and unprotected region.”! Most maxillofa-
cial fractures occur in young adults, usually causing occlusal
function problems, facial disfigurement, facial paralysis, and
visual and hearing problems. As a result, maxillofacial fractures
and their complications may seriously affect patients’ quality of
life and lead to great social and economic burdens.!!

The epidemiological features of fractures are influenced by many
factors, including demographic, social, economic, and cultural

factors.'% In the present study, we retrospectively analyzed the
data of 829 patients from Shenyang and surrounding cities to
elucidate the epidemiological pattern of maxillofacial fractures.
From August 2011 to July 2019, the incidence of maxillofacial
fractures remained steady. There was no significant change in the
demographic profile each year, and most of the patients with facial
fractures were men. The mean age of the patients increased during
the 8-year study period, but not significantly. Excluding other
possible reasons, the whole- population aging trend might be a
plausible explanation for this observation.

The highest incidence of maxillofacial fractures in this study
occurred among patients aged 20 to 29 years, and the male to
female ratio was 3.04:1.00. These observations are consistent
with those in previous studies.!"'""'?! The higher proportion of
affected men may be explained by men, when compared with
women, being generally engaged in more social activities and are
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Figure 5. Distribution of treatment methods. ORIF = open reduction with internal fixation, IMF = intermaxillary fixation.
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more likely to be involved in violent incidents and high-risk
driving.['314]

Road traffic accidents were the main cause of maxillofacial
fractures, which is consistent with most studies from different
countries.*!3! The major risk factors for road traffic accidents
are speeding, drunk driving, and failure to follow traffic laws.
During the study period, the incidence of maxillofacial fractures
caused by motorcycle and bicycle accidents decreased, while
increasingly more fractures were caused by car accidents.
Violence and falls were also considered to be main causes of
maxillofacial fractures in this study, although they had a lower
incidence rate. Notably, recent studies have shown that in
developed countries such as the United Kingdom, violence and
falls were found to be the main etiologies instead of road traffic
accidents.!"" The reason for this may be that economic
development, traffic law enforcement, road safety measures,
and the sense of road safety among citizens still require more
improvement in developing than developed countries.!"*! Because
of the construction activities in cities, industrial injuries were
another common cause of maxillofacial fractures. Analysis of age
showed that traffic accidents and falling were the leading causes
of facial fractures regardless of age. Analysis of sex showed that
most affected patients were male regardless of etiology. Especially
in the industrial injuries group, the female: male ratio was
significantly lower than that in the other groups. Considering that
women are much less often involved in industrial activities than
are men, women’s lower exposure to risk factors might be a
reason for the observed lower incidence rate of maxillofacial
fractures in female patients.

In the present study, mandibular fractures were the most
common type of maxillofacial fractures, which is consistent with
previous studies in China and other countries.[*>1%13:161 The
orbital bone was the second most common fracture site in this
study, consistent with a study by Cagatay et al."”! This is because
the orbital bone is too weak to resist external forces considering
its anatomic features. The medial orbital wall and orbital floor
are considered the weakest areas of the orbital bone. The
mandibular fractures in this study occurred at the parasymphysis,
condyle, and body. The mandibular fracture sites were strongly
related to the cause of the injury and the direction of the force.
Parasymphysis fractures had the highest incidence in this study,
which is consistent with previous studies.''®!*! However, other
studies have shown that the condyle was the most common site of
mandibular fractures.*>*!! Among zygomatic fractures, violence
was the most common cause. This might be explained by the
features of interpersonal violence.

Most of the midfacial fractures occurred in the maxilla, which
is in accordance with previous studies.?>?3 Traffic accidents
caused most of the midfacial fractures in this study. Le Fort type II
fractures are the most common type of maxillary fractures.!**!
However, because of the complexity of the injury, typical Le Fort
type II fractures are uncommon in the clinical setting.

The most common type of associated injuries were head
injuries, which is in accordance with a study by Obimakinde
et al®? but contrary to the findings of Chen et al.[*>! Some studies
have shown that limb injuries or orthopedic injuries were the
most common associated injuries, indicating that the associated
injuries vary in different areas.!®!

ORIF combined with IMF was the primary treatment modality
in this study, which is consistent with other findings.[*®! Previous
studies have shown that ORIF and IMF are still the standard
treatments and are effective management methods for maxillofa-
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cial fractures.”?”! ORIF can provide stable and precise anatomical
reduction of fracture fragments, facilitating more rapid bone
healing and functional recovery.’®! Open reduction without
internal fixation was used in 35 cases, all of which were
zygomatic fractures. A total of 142 patients underwent
conservative treatment, and 104 patients received no treatment
for financial and subjective reasons. The choice of treatment
method is mainly based on the patient’s condition and type of
fracture. The patient’s subjective desires and economic factors are
also considered. In pediatric and advanced-age patients,
conservative treatment and closed reduction were the most
commonly used treatment methods. In pediatric patients, ORIF
may increase the risk of developmental asymmetry, which may
limit the use of ORIF. Similarly, the limited systemic health
condition and the decreased recovery capacity of advanced-age
patients may also limit the use of ORIF.[?%:2!

This retrospective study had some limitations. First, in the
classification of etiologies, only the main etiology was considered.
However, some patients had more than one cause of facial
fracture. For example, a road traffic accident could have occurred
while a man was in a working situation. In this study, however,
such cases were only classified as traffic accidents, not work-
related or industrial accidents. Second, in the classification of
treatments, only the treatment for the main fracture site was used
in the analysis. For example, when fractures occurred in both the
mandibular body and condyle, ORIF for treatment of the
mandibular body fracture was used as the classification; the
conservative treatment for the condylar fracture was not.
Moreover, because ours is a large tertiary-care hospital, we
encountered many complex facial fractures, and the patients’
conditions may not typical of the general population.

5. Conclusion

Maxillofacial fractures have become a serious health problem in
China in recent years. Such fractures lead to serious physical and
physiological problems and great social and economic burdens.
In the present study, the epidemiological features of maxillofacial
fractures demonstrated a strong correlation with age, sex, and
etiology. As the first investigation of the epidemiological features
of maxillofacial fractures in Shenyang, this study may improve
our knowledge of the incidence rate and characteristics of
maxillofacial fractures in high-latitude regions and shed new
light on how to organize emergency care in a more reasonable
way.
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