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Introduction

Maxillofacial injuries are conventionally approached as an isolated 
entity in the emergency department. Proximity and complexity of  
the maxillofacial architecture always bear a risk of  concomitant 
injury to the cranium during trauma and incidence rates as high as 
86% have been reported in the literature [1]. But the construct of  
the facial bones has always been considered to protect the brain 
from the impact of  these traumatic injuries. Data pertaining to 
the protective role of  facial bones are contradicting and scant. 
Knowledge about the association and incidence of  traumatic 
brain injuries (TBI) coexisting with the maxillofacial injuries is 
very important, as concurrent evaluation for evidence of  a closed-
head injury may be overlooked or relegated to obscurity following 
a patient's initial evaluation [2]. The maxillofacial surgeon must 
be aware of  the consequences associated with it and its manage-

ment. This study aims to determine the association between the 
incidence, pattern, and frequency of  TBI in patients sustaining 
maxillofacial traumatic injuries and its clinical implications.

Methodology

A retrospective Unicenter analysis was done on a total of  6350 
trauma cases reported to the emergency department of  our insti-
tution from March 2015 to March 2020. Out of  the 6350 cases, 
a detailed analysis of  888 patients sustaining maxillofacial inju-
ries was done. Clinical and radiographic data pertaining to the 
age, gender, mechanism of  injury, type of  maxillofacial injury 
sustained, frequency and type of  facial fracture, the incidence of  
traumatic brain injury, and pattern and severity of  the brain injury 
were obtained. The type of  maxillofacial injury was recorded as 
soft tissue injury and hard tissue injury. Types of  facial fracture 
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Abstract

Aim: To evaluate the prevalence and association of  traumatic brain injuries in patients sustaining maxillofacial trauma, and 
correlate with the proposed role of  the facial skeleton to protect the brain.
Background: Maxillofacial skeletal architecture has been considered to sustain the impact during trauma and protect the 
brain from injury. Whether or not, this has an important clinical implication as it will help the surgeon to assess and rule out 
during the preliminary evaluation thereby reducing the risk of  potential delayed complications. 
Materials: A retrospective analysis of  trauma patients reported to the emergency department of  a tertiary care center in Tamil 
Nadu during March 2015- March 2020 was done. A detailed review of  the maxillofacial trauma cases was done. Details related 
to the demography, trauma, injury sustained, primary and secondary survey, records pertaining to the diagnosis of  traumatic 
brain injuries, their pattern, severity, and spectrum were studied, recorded, and subjected to statistical analysis.
Results: 888 out of  6350 patients sustained maxillofacial injuries. The Mean age was 31.4 years and the population was 
predominantly male. 61% sustained soft tissue injuries. Among the hard tissue injuries, mandibular fractures were highest 
followed by isolated zygomaticomaxillary complex fractures. 42.4% sustained TBI of  which concussion was predominant 
followed by diffuse axonal injury, contusion, hemorrhage, and skull fractures. A significant association was found between the 
incidence of  TBI and various types of  maxillofacial injuries.
Conclusion: The incidence of  TBI is strongly associated with maxillofacial injuries. Thus traumatic maxillofacial injuries can 
be used as predictors of  the TBI.
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were divided into isolated mandibular, isolated maxillary that in-
cluded Lefort type I, type II, type III, isolated zygomaticomaxil-
lary, combined fractures of  the mandible and middle third of  the 
face which included fractures of  the mandible and maxilla, man-
dible and zygomaticomaxillary complex, and mandible and na-
so-orbito-ethmoidal region and finally pan facial fractures which 
involved more than three bony components. Traumatic brain in-
juries were identified based on the diagnosis and evaluation done 
by the Department of  Neurosurgery of  our hospital. Types of  
traumatic brain injuries included concussion, contusion, focal in-
juries like epidural, subdural and intracranial haemorrhages, and 
diffuse injuries like axonal injuries and subarachnoid haemor-
rhages. The Presence of  skull fractures was also recorded. Sever-
ity was graded based on the Glasgow Coma Scale as Mild (GCS 
13-15), Moderate (9-12), and severe (less than 9) and the loss of  
consciousness, Mild(less than 30 minutes), Moderate (30 minutes 
to 24 hours) and Severe (more than 24 hours). All the cases with 
complete medical records were included in the study. A deficit of  
information or intervention due to reasons other than traumatic 
brain injuries were excluded from the study. All the details were 
recorded and subjected to statistical analysis.

Statistical analysis

The collected data were analyzed with IBM.SPSS statistics soft-
ware 23.0 Version. To describe the data descriptive statistics fre-
quency analysis, percentage analysis was used for categorical vari-
ables. Chi-square test was applied and Pearson's correlation was 
used to find significance between the variables. In all the above 
statistical tools the probability value .05 is considered as signifi-
cant level.

Results

There were 888 patients with maxillofacial injuries out of  6350 

reported trauma cases. Of  these 888 patients, 683 were males 
and 215 were females. About 529 (59.6%) of  the study popula-
tion belonged to the age group of  20-39 years, while 194 (21.5%) 
were between 40-60 years, (134)15.1% were less than 20 years and 
31(3.5%) above 60 years. 545(61.4%) of  them sustained soft tis-
sue maxillofacial injuries and 343 (38.6%) hard tissue injuries. Out 
of  these 343 hard-tissue injuries, 148(16.7%) sustained mandibu-
lar fractures, 77(8.7%) zygomatico-maxillary complex fractures, 
67(7.5%) combined fracture of  mandibular and middle third of  
the face, 37(4.2%) maxillary, and finally 17(1.9%) with pan facial 
fractures (Figure 1). Patterns of  traumatic brain injury observed, 
is depicted in Figure 2. 42.45% (n= 377) sustained traumatic brain 
injuries of  which the highest prevalence was concussion (n= 202), 
followed by Diffuse axonal injuries (n= 101), contusion (n=38), 
haemorrhage (n= 30) and skull fractures (n=6). Of  the 377 pa-
tients injuries incurred by 27% (n= 241) were mild, 10.2% (n=91) 
moderate and 5.1% (n=45) severe. Figure 3 shows the association 
of  the pattern and severity of  brain injuries. Concussion and dif-
fuse axonal injuries constituted for than 90% of  the mild injuries 
while variations in the pattern were observed with moderate and 
severe injuries. Of  343 patients with maxillofacial fractures, 46% 
(n= 158) of  them sustained traumatic brain injuries of  which 
concussion was found predominant (n=63, 18.3%), followed by 
diffuse axonal injury (n=51, 14.8%), contusion (n=23, 6.7%), 
haemorrhage (n=17, 4.9%) and skull fractures (n= 4, 1.1%). In-
terestingly, patients who sustained soft tissue maxillofacial inju-
ries have a significant prevalence of  traumatic brain injuries. Of  
545 patients, 40% sustained TBI with 25% being concussion (n= 
202), 9% with diffuse axonal injuries (n= 50), 2.7% with contu-
sion (n= 23) and 2.3% with haemorrhages (n=13). Table 1 de-
picts the correlation of  the pattern of  TBI with the type of  facial 
fractures. Correlation of  severity of  TBI with different types of  
facial injuries is given in Table 2. Correlation of  the prevalence of  
traumatic brain injuries with age and gender has been presented 
in Figure 4 and Figure 5 respectively.

Table 1. Correlation of  pattern of  the TBI to types of  facial fractures.

FRACTURE
Total

absent mandible combined maxilla zmc panfacial

TBI

absent 325 97 25 22 42 0 511
concussion 137 26 18 7 13 1 202
contusion 15 7 6 2 7 1 38

DAI 50 15 14 4 8 10 101
hemorrhage 13 3 4 2 6 2 30
skull fracture 2 0 0 0 1 3 6

Total 542 148 67 37 77 17 888

Table 2. Correlation of  severity of  TBI and maxillofacial fractures.

FRACTURE
Total

absent mandible combined maxilla zmc panfacial

SEVERITY

absent 325 97 25 22 42 0 511
mild 163 34 20 6 18 0 241

moderate 36 16 12 7 15 5 91
severe 18 1 10 2 2 12 45

Total 542 148 67 37 77 17 888
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Discussion

Maxillofacial traumatic injuries form a significant proportion of  
the entire trauma due to the exposure of  the region and vulner-
ability to injury. The severity of  injury varies from a mild injury 
to the soft tissues to life-threatening injuries to the facial skeleton 
and often requires emergency evaluation. The Maxillofacial sur-

geon being a part of  the trauma team, conventionally approaches 
the injuries as an isolated entity, and the concomitant injuries in-
curred are not dealt with. A missed or delayed diagnosis of  such 
co-existing injuries of  the other systems might bloom out a fatal 
catastrophe. The injuries associated vary depending on the nature 
of  impact but most commonly observed are the traumatic brain 
injuries and cervical spine injuries. Davidoff  et al [2] defined trau-
matic brain injury as evidence of  loss of  consciousness and/ or 

Figure 1. Patterns of  the Maxillofacial fractures.

Figure 2. Prevalence pattern of  Traumatic brain injuries.

Figure 3. Correlation of  pattern and severity of  traumatic brain injuries.

Figure 4. Prevalence of  TBI among the males and females.

Figure 5. Prevalence of  TBI among different age groups of  the study population.
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post-traumatic amnesia in a patient with a non-penetrating head 
injury and reported a strong association with maxillofacial injuries 
post-trauma. 

In the literature, there have always been contradicting claims of  
the protective role of  the facial architecture to the brain and the 
intricate, complex anatomy of  the facial skeleton has been ex-
tensively studied to infer it. Several authors suggested that the 
facial skeleton absorbs the impact of  traumatic forces and pro-
vides a cushioning effect thereby preventing damage to the brain. 
Whether or not, the association of  both the injuries coexisting 
has its clinical implications and this study intends to figure out the 
same. Recent evidence supports that the closeness and fragility 
of  the maxillofacial bones to the cranium increases the risk of  
intracranial injuries as forces with sufficient energy will be trans-
ferred directly to the neurocranium. A highly varying incidence 
rate of  TBI in maxillofacial trauma has been reported. While Lim 
et al posed a lower incidence rate of  5.4%, Martin et al and Hayer 
et al proposed a rate of  79.4% and 86.4% respectively [3]. In our 
study, 42.4% of  the total 888 maxillofacial trauma patients had 
associated TBI, while 46% of  patients with fractures of  the facial 
skeleton and 40% of  those with soft tissue injuries of  the face had 
TBI. Only very few studies evaluated the incidence of  TBI in soft 
tissue injuries and Zandi et al reported an incidence rate of  13% 
in their study. This alarms the maxillofacial surgeon encountering 
the trauma patient first hand to consider any type of  maxillofacial 
injury to also have sustained a TBI. Also, it highlights that the 
absence of  maxillofacial fracture doesn’t guarantee the absence 
of  cranial injuries in patients sustaining trauma to the head and 
neck [4]. The spectrum of  TBI patterns observed in our study, 
from the highest to the lowest rate of  incidence is concussion 
accounting for 22.7% followed by diffuse axonal injury (11.4%), 
contusion injuries (4.3%), focal haemorrhages (3.4%) and finally 
skull fractures (0.7%). This is similar to the results of  the study of  
Joshi et al, Pappachan et al, Keenan et al who reported the high-
est incidence of  concussion with incidence rates 38%, 47%, 9% 
respectively. Contrasting results were found in one of  the studies 
with the largest sample size of  about 1.3 billion by Mulligan et al 
where skull fractures were predominant (29.5%), and intracranial 
haemorrhages (28.6%)[5]. 

Clinically TBI is classified based on the Glasgow Coma Scale into 
mild (15-13), moderate (12-9), and severe (8-3). In our study 27% 
sustained mild TBI, 10.2% with moderate injuries, and 5.1% with 
severe injuries which is in accordance with the results of  Arslan 
et al [6]. In our study concussion constituted 77.2% of  the mild 
injuries followed by diffuse axonal injuries (15.7%), contusion 
(2.8%), and focal haemorrhages (2.4%). In moderate injuries dif-
fuse axonal injuries were predominant with 41.7%, followed by 
contusion with 27.4%, haemorrhages with 16.4%, and concus-
sion with 13.1%. In severe TBI, diffuse axonal injuries constituted 
55.5%, while intracranial haemorrhages were found in 20% and 
contusion in 13.3%. The concussion was predominantly found in 
patients with mild TBI while diffuse axonal injury and contusion 
occurred in higher rates in moderate and severe injuries. This vari-
ation can be attributed to the magnitude and impact of  traumatic 
forces and the mechanism of  trauma since patients with soft tis-
sue injuries are more likely to have sustained milder forms of  TBI 
when compared to those who endured fractures of  the facial skel-
eton. Rajandram et al reported similar results with 18.6% of  mild 
TBI were observed in patients without maxillofacial fractures [7]. 
Also, this could be the reason for varying results of  TBI patterns 

in the study of  Mulligan et al as patients with maxillofacial frac-
tures were their chief  study population.

A Significant association of  the maxillofacial fractures and the 
TBI was observed in the results of  our study. 48% of  343 pa-
tients with maxillofacial fractures sustained isolated mandibular 
fractures of  which 34.4% had concussion, 10% had diffuse axon-
al injuries, 4.7% contusion, 2% haemorrhages. Isolated maxillary 
fractures accounted for 10.7% out of  which 40% sustained TBI. 
Isolated zygomatico maxillary fracture was identified in 22.4% of  
which 45.4% sustained TBI. Combined fracture of  the mandible 
and middle third of  the face was found in 19.5% out of  which 
62.6% had TBI. 4.9% of  the maxillofacial fractures were pan 
facial and high statistical significance (p<0.0005) was found in 
their association with the TBI. 100% of  the lot sustained TBI in 
a diverse spectrum with diffuse axonal injuries being the highest 
(58.8%) followed by 17.6% with skull fractures and 11.7% with 
focal haemorrhages. Similar results on the incidence of  the pat-
terns of  TBI was reported by Joshi et al, Lee et al, and Isik et 
al, and they concluded that a positive correlation exists between 
the complexity of  the maxillofacial fractures and incidence of  
TBI [8]. On correlating the severity of  TBI to types of  maxillo-
facial fractures, a positive correlation existed between both. Mild 
TBI was found in 22% of  mandibular fractures, 16.2% of  iso-
lated maxillary fractures, 23.3% of  zygomaticomaxillary complex 
fractures, and 29.8% of  the combined fractures of  the mandible 
and mid-third of  the face. Moderate injuries were predominant 
in pan facial fractures with a proportion of  29.4% followed by 
19.4% of  zygomaticomaxillary fractures, 18.9% of  isolated maxil-
lary fractures, 17.9% of  combined fractures of  the mandible and 
mid-third of  the face, and finally 10.8% of  the isolated mandibu-
lar fractures. Severe TBI was observed the highest in pan facial 
fractures with 70.5% followed by the combined mandibular and 
mid-third of  face fractures with 14.9%, isolated maxillary frac-
tures with 5.4%, and 2.5% of  the zygomatico maxillary fractures.

Keenan et al disproved the protective role of  facial architecture 
[9] and proposed that the risk of  TBI increases almost ten-fold in 
maxillofacial injuries and the risk of  concussion in those doubled. 
Several authors emphasized the association of  the middle third of  
the face fractures to the incidence of  traumatic brain injuries even 
though mandibular fractures were the highest to be observed 
which is similar to the results of  our study [10].

With the escalating complexity of  maxillofacial fractures, the se-
verity of  the TBI also rises depicting that maxillofacial injuries 
can be regarded as significant indicators of  coexisting traumatic 
brain injuries. 

Thus this study implies the fact that maxillofacial injuries don't 
prevent damage to the brain while it only potentiates it and should 
be definitely considered a marker during the preliminary evalua-
tion. Especially a significant proportion of  the study population 
without maxillofacial fractures sustained TBI. This group of  pa-
tients is most likely to be missed in the emergency department 
and are treated for soft tissue injuries and discharged home. They 
are at a higher risk due to unexpected exacerbations of  the un-
diagnosed TBI that might fatally flare-up on rare occasions, like 
the second impact syndrome [12]. Injuries of  high morbidity and 
mortality rates which requires thorough evaluation during the 
time of  presentation. A high index of  suspicion should be exhib-
ited by the maxillofacial surgeon while treating the patient with 
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traumatic facial injuries. There are a few shortcomings of  this 
study. Retrospective designed information bias especially patients 
without follow up records. More exhaustive multicentric research 
with added parameters can enlighten the contradicting theories 
on the spectrum of  TBI and its incidence and association with 
maxillofacial injuries which paves way for identification of  unsus-
pected, latent cranial injuries.

Conclusion

Facial injuries can be contemplated to be markers of  cranial in-
juries after trauma and it is expected of  every surgeon attend-
ing to meticulously examine and rule out the traumatic injuries 
incurred by the brain before it turns out to be a catastrophe. An 
interdisciplinary and comprehensive management model should 
be followed for directed care of  the patient rather than the iso-
lated approach.
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