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Abstract
Background  Traumatic brain injuries (TBIs) are among the most challenging conditions to accurately diagnose in 
children, and many TBIs are underdiagnosed. Patients with maxillofacial injury may be at risk for TBI. The objective of 
this study was to analyse the association between maxillofacial injuries and TBI among paediatric patients. Analysis 
of the factors associated with the occurrence of TBI among paediatric patients with maxillofacial injuries was the 
secondary objective.

Method  This case-control study included 192 cases defined as paediatric patients with maxillofacial injuries and 192 
controls defined as all paediatric patients with traumatic injuries to other body locations and with no maxillofacial 
injuries. The medical records of patients aged 0–18 years, who underwent treatment at a tertiary care hospital were 
screened. Patient demographic data, causes of trauma, and the presence, type, and severity of TBI were recorded. For 
the cases, the presence of facial fracture, type and severity of the maxillofacial injuries were recorded. The odds ratio 
was obtained to determine the association between maxillofacial injuries and TBI. Multiple logistic regression analysis 
was performed to study the associations of all the recorded study variables with the occurrence of TBI in patients with 
maxillofacial injuries.

Results  A statistically significant difference was seen between the cases and controls for TBI occurrence, with 53% of 
cases recording TBI, compared to 32% among controls, with an odds ratio of 2.5. Multiple logistic regression analysis 
with the presence/absence of TBI among the cases as the dependent variable revealed a significant association of 
road traffic accidents (RTA), longer duration of hospital stays, and dentoalveolar fracture with TBI.

Conclusion  Paediatric patients with maxillofacial injuries need to be screened for TBI, as the risk of occurrence of TBI 
is 2.5 times greater in these patients than in those with injuries involving other parts of the body. RTA and prolonged 
hospitalization are factors associated with TBI among paediatric patients with maxillofacial injuries. The presence of 
only dentoalveolar injuries decreases the likelihood of a TBI.
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Background
Traumatic brain injury (TBI) occurs when an external 
mechanical force distorts the normal function or struc-
ture of the brain [1]. TBIs are recognized as the leading 
cause of acquired disability and death for those under 18 
years of age, with 865 per 100,000 children being diag-
nosed with a TBI annually [2, 3]. Over 500,000 children 
and adolescents under the age of 14 years sustain a TBI 
necessitating emergency department visit resulting in 
health care cost exceeding 1 billion USD per year [4].

A large proportion of TBIs diagnosed among paediatric 
populations are the result of falls, road traffic accidents 
and abuse [5]. Infants are particularly prone to falls that 
result in head trauma because of their larger head-to-
body ratios, unsteady gait, and unbalanced ambulation 
[6].The physical abuse of children is also well represented 
as a risk factor for TBI among this population. Once chil-
dren reach puberty, their risk profiles for TBI begin to 
shift toward patterns that reflect their increasing auton-
omy, risk-taking behaviour and greater distance from 
supervision. Injuries related to sports, substance use, bike 
collisions and attempted suicides are among the most 
common contributors to TBI among adolescents [7].

TBIs are among the most challenging conditions to 
accurately diagnose in children, and many TBIs are 
underdiagnosed. One of the potential areas of diagnostic 
focus could lie in paediatric patients who report to emer-
gency centres with varying forms of facial trauma. There 
is some evidence that such patients may experience brain 
injury [8]. However, since not all symptoms of TBI are 
clinically obvious at the time the patient reports facial 
trauma, the potential exists for a missed diagnosis. Such 
missed cases of TBI may have long-term implications for 
the cognitive, behavioural and psychosocial development 
of the individual, and it is thus imperative that informed 
inquiries be made as to whether such cases are being 
missed [5].

A pilot study conducted in Malaysia revealed that 
nearly 40% of 11,294 patients admitted for maxillofa-
cial trauma experienced traumatic brain injury [8]. A 
systematic review regarding the association of TBI with 
maxillofacial fractures showed that the global incidence 
of maxillofacial fractures with TBI ranged from 7.6% to 
approximately 87% of all maxillofacial injuries, with wide 
variation among studies conducted in different countries 
[9]. Few studies involving Indian populations have also 
reported a high incidence of TBI among patients report-
ing maxillofacial injuries [10–12]. While one research 
reported that most patients with TBI had fractures of the 
upper or the middle third of the face [11], another study 
reported that brain injuries are commonly associated 
with mid-face injuries [12]. These studies mostly involved 
adults, and there is a dearth of studies involving the pae-
diatric population in India. The risk and manifestations 

of TBI differ among children due to age-related structural 
differences and injury mechanisms due to differences in 
physical ability based on age and problems associated 
with neurological evaluation [13].

Hence, we conducted a study with the objective of ana-
lysing the association between maxillofacial injuries and 
traumatic brain injury among paediatric patients in an 
Indian population. Analysis of the factors associated with 
the occurrence of TBI among patients with maxillofacial 
injuries was the secondary objective.

Methods
This retrospective case–control study was conducted at a 
tertiary care hospital in Mangalore, Karnataka, which is 
in southern India. The study has been conducted and is 
reported in accordance with the STROBE guidelines for 
case-control studies.

Ethical considerations
Ethics approval was obtained from the Institutional Eth-
ics Committee of the Manipal College of Dental Sci-
ences, Mangalore (Ref. no. 2044), after which the study 
commenced. Permission was obtained from the hospi-
tal authorities prior to the study. The patients’ identities 
were anonymized by assigning codes during data collec-
tion, and the confidentiality of the data was maintained 
throughout the study. The research was completed in 
accordance with the Declaration of Helsinki as revised in 
2013.

Sampling
The medical records of patients reporting with trauma 
to Kasturba Medical College Hospital, Mangalore were 
screened to identify cases and controls and obtain rel-
evant data on risk factors for TBI among patients with 
maxillofacial injuries.

Sample size calculation
To calculate the sample size, the proportion of exposure 
of the cases was assumed to be 43.88%, based on the data 
in the Indian population9, the least extreme odds ratio to 
be detected as 1.82 at a 95% confidence interval and 80% 
power, the ratio of case to control being 1:1. The sam-
ple size for cases was thus estimated to be 192, with an 
equal number of controls. The sample size was calculated 
using OpenEpi, Version 3, open-source calculator -SSCC 
(https:/​/www.op​enepi.c​om/S​ampleSize/SSCC.htm).

Definition of cases
Paediatric patients reporting with maxillofacial injuries. 
Maxillofacial injury was defined as any injury involving 
hard tissue, soft tissue or both in the facial region extend-
ing from the frontal region to the mandibular region.

https://www.openepi.com/SampleSize/SSCC.htm
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Definition of controls
All paediatric patients with traumatic injuries to other 
body locations and with no maxillofacial injuries.

Inclusion and exclusion criteria
The patient registers at the emergency department of 
the hospital were screened, and all patients aged 0–18 
years reporting with traumatic injury were included in 
the study. The exclusion criteria were incomplete medi-
cal records [including computed tomography (CT) scan], 
TBI occurring in isolation and not associated with other 
traumatic injuries, and maxillofacial injuries along with 
injuries involving other body parts or organs (poly-
trauma cases).

Data collection
The patient register, and case records over a period of fif-
teen years (2008–2022) were screened to identify patients 
between 0 and 18 years of age reporting with traumatic 
injuries. Based on the injury record in the patient register, 
the samples were selected and narrowed down as per the 
definition of case and control. Patients were subsequently 
selected based on the exclusion criteria after reviewing 
the case records of the patients selected from the patient 
register. The demographic factors (age and sex), cause 
of trauma (road traffic accident (RTA), assault, sports-
related injury, fall, assault/abuse), medical history or dis-
ability, drug/alcohol abuse history, symptoms related to 
TBI (vomiting, loss of consciousness, headache, amne-
sia, convulsions), the presence, type and severity of TBI 
were included in the data. Findings from neurological 
assessments, such as alterations or loss of conscious-
ness, alterations in mental state (immediately related to 
the TBI), post-traumatic amnesia, Glassgow Coma Scale 
(GCS) scores (best score available in the first 24 h), and 
CT scan findings (normal/abnormal), were used to clas-
sify the severity of TBI. The severity of TBI was classified 
into 3 groups, mild, moderate, and severe, based on the 
criteria given by Rajandram et al.8 For mild TBI, the GCS 
score ranged from 13 to 15, and no abnormalities were 
detected on structural imaging, with a history of loss of 
consciousness for up to 30 min/alteration of mental state 
for up to 24  h/post traumatic amnesia for up to 1  day. 
A GCS score of 9–12 with abnormal structural imaging 
and a history of loss of consciousness > 30 min but < 24 h/
abnormal mental state > 24  h/post traumatic amne-
sia > 1 day but < 7 days was classified as moderate TBI. A 
GCS score ≤ 8 with or without abnormal structural imag-
ing and a history of loss of consciousness > 24  h/abnor-
mal mental state > 24  h/post traumatic amnesia > 7 days 
was classified as severe TBI [8].

The records of paediatric patients with maxillofacial 
trauma treated at the hospital were further screened for 
data on the type and severity of maxillofacial injuries 

and hospitalization duration. The severity of maxillofa-
cial injuries was scored based on the Facial Injury Sever-
ity Scale (FISS) [14]. Maxillofacial injuries were classified 
as injuries with and without facial fractures. In addition, 
the presence of soft tissue injuries, facial fractures and 
dentoalveolar injuries were noted. Facial fractures were 
divided into upper, midface and lower face types. Fron-
tal bone fractures were included as upper face fractures, 
while maxillary, orbital, zygomatic, ethmoidal, and nasal 
bone fractures were categorized as midface fractures. 
Any fracture in the mandibular structure (symphysis, 
angle, body, condyle, parasymphysis) was included as a 
mandibular fracture [8]. All the data were recorded in a 
data sheet by two investigators.

Data analysis
The data were analysed using the Statistical Package for 
Social Sciences (SPSS, Version 26, IBM, Chicago, IL, 
USA). To demonstrate the distribution of the trauma 
among various ages in the sample, the patients between 
0 and 18 years of age were further subdivided into 3 cat-
egories namely 0–5 years (early childhood), 6–11 years 
(middle childhood) and 12–18 years (adolescence) at 
the data analysis stage. Descriptive data on percentage 
frequencies and mean FISS scores were obtained. The 
association between maxillofacial injuries and TBI was 
calculated using the chi-square test, and odds ratios were 
calculated. The frequencies related to demographic data, 
patient history, and type of injury were compared using 
the chi-square test. Multiple logistic regression analy-
sis was performed to study the associations of all the 
recorded study variables with the occurrence of TBI in 
patients with maxillofacial injuries.

Results
The sample included in the study consisted of 192 cases 
and 192 controls. This sample was included after screen-
ing patient records from January 2008 to December 
2022 (15 years). The details on the process of inclusion 
of patient records in the study are provided in the form 
of a flow chart (Fig.  1). The demographic details of the 
sample are shown in Table  1. There were no significant 
differences between the cases and controls in terms 
of sex, cause of trauma [road traffic accidents (RTA) or 
not], or medical or drug/alcohol abuse history. Road traf-
fic accidents accounted for most of the traumatic inju-
ries in both cases (78.6%) and controls (85.9%). Among 
the other causes of trauma, the most common were falls 
(n = 37 and n = 21 for cases and controls, respectively), fol-
lowed by sports injuries (n = 3 and n = 1 for cases and con-
trols, respectively), work-related injuries (n = 1 and n = 3 
for cases and controls, respectively), and assaults (n = 0 
and n = 2 for cases and controls, respectively). Most of 
the paediatric trauma cases involved adolescents (12–18 
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Table 1  Demographic variables of the sample included in the study
Variable Case (With 

maxillofacial 
injury) (%)

Control (Without 
maxillofacial 
injury) (%)

Chi-
square 
value

p-value Case with 
TBI (%)

Case with-
out TBI (%)

Chi-
square 
value

p-value

Age (years) 0–5 39 (20.3) 20 (10.4) 9.94 0.007* 21 (20.6) 18 (20.0) 0.74 0.691
6–11 50 (26.0) 42 (21.9) 24 (23.5) 26 (28.9)
12–18 103 (53.6) 130 (67.7) 57 (55.9) 46 (51.1)

Sex Male 139(72.4) 129 (67.2) 1.24 0.266 74 (72.5) 65 (72.2) 0.003 0.960
Female 53 (27.6) 63 (32.8) 28 (27.5) 25 (27.8)

Medical 
History

Yes 7 (3.6) 4 (2.1) 0.84 0.359 6 (5.9) 1 (1.1) 3.10 0.078
No 185 (96.4) 188 (97.9) 96 (94.1) 89 (98.9)

Disability Yes 0 (0) 1 (0.5) 1.003 0.317 0(0) 0 (0) … ….
No 192 (100) 191 (99.5) 102 (100) 90 (100)

Drug/Alcohol 
Abuse History

Yes 1(0.5) 1(0.5) 0.0 1.000 1 (0.5) 0 (0) 0.89 0.346
No 191 (99.5) 191 (99.5) 191 (99.5) 90 (100)

Cause of 
Trauma

Road Traffic 
Accidents

151 (78.6) 165 (85.9) 3.50 0.061 78 (86.7) 73 (71.6) 6.49 0.011*

Other Causes 41 (21.4) 27 (14.1) 12 (13.3) 29 (28.4)
Hospitaliza-
tion Duration

≤ 3 Days 131 (68.2) 141 (73.4) 0.26 0.312 47 (46.1) 84 (93.3) 49.25 < 0.001*
≥ 4 Days 61 (31.8) 51 (26.6) 55(53.9) 6(6.7)

Total 192 (100) 192 (100) 102 (100) 90 (100)
*p < 0.05: significant

Fig. 1  Flow chart depicting the process of inclusion of patient records in the study
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years). A greater number of adolescent individuals were 
controls than cases, while there were more cases in the 
0–5-year-old and 6–11-year-old age groups, and the dif-
ference was significant (p = 0.007). A greater number of 
males had traumatic injury in both the case (72.4%) and 
control (67.4%) groups. The number of patients with a 
medical history/disability and drug/alcohol abuse was 
minimal (range 0–4) among both the cases and controls.

A comparison of cases and controls for TBI occur-
rence revealed a statistically significant difference, with 
53% of cases recording TBI, compared to 32% among 
controls. The odds ratio indicated that the chance of TBI 
among the cases was approximately 2.5 times greater 
than the controls (Table  2). Among the neurological 
assessment signs, abnormal structural imaging, loss of 

consciousness, alteration of mental state after trauma and 
the best available GCS score in the first 24 h were signifi-
cantly different between the cases and controls (Table 3). 
The data on severity of TBI based on the neurological 
assessment revealed that the frequency of moderate TBI 
was higher in cases than the controls. The frequency of 
mild and moderate TBI was higher among the cases than 
the controls and the difference was significant (Table 4). 
Traumatic brain injury (TBI) included concussion, brain 
contusion, focal injury, diffuse injury (traumatic axonal 
injury), neurocranium fracture, and traumatic extradu-
ral, subdural, or subarachnoid haemorrhage. Most of 
the TBIs were concussion injuries in both the case and 
control groups (Fig.  2), with no significant difference 
between the cases and controls (χ2 = 4.37; p = 0.822).

Further analysis of the factors associated with TBI 
among the cases revealed a significant association 
between the cause of trauma, hospitalization duration 
and TBI among the cases. RTA was significantly greater 
among the cases with TBI, while other causes of injury 
(including falls, sports injuries, and assault) were more 
common among the cases with no TBI. The hospital-
ization duration was lower among the cases with no 
TBI (Table  1). Among the symptoms associated with 

Table 2  Comparison of cases and controls for the association with traumatic brain injury (TBI)
Variable Case (With maxillofa-

cial injury) (%)
Control (Without maxil-
lofacial injury) (%)

Chi-square 
value

p-value Odds ratio Confidence 
interval 
(Upper-
lower)

TBI Present 102 (53.1) 61 (31.8) 17.92 < 0.001* 2.43 1.60–3.69
TBI Absent 90 (46.9) 131 (68.2)
Total 192 (100) 192 (100)
*p < 0.05: significant

Table 3  Distribution of TBI signs and symptoms among cases and controls
Variable Cases (%) Controls (%) Chi-square value p-value
Structural Imaging Normal 130 (67.7) 163 (84.9) 15.68 < 0.001*

Abnormal 62 (32.3) 29 (15.1)
Loss of Consciousness 0–30 min 43 (22.4) 25 (13.0) 11.96 0.008*

>30 min and < 24 h 8 (4.2) 2 (1.0)
> 24 h 0 (0) 2 (1.0)
None 141 (73.4) 163 (84.9)

Alteration of mental state immediately after trauma Up to 24 h 5 (2.6) 0 (0) 7.02 0.030*
More than 24 h 0(0) 2 (1)
None 187 (97.4) 190 (99.0)

Post-traumatic amnesia 0–1 day 9 (4.7) 4 (2.1) 3.02 0.221
> 1 day and < 7 days 1 (0.5) 0 (0)
> 7 days 0 (0) 0 (0)
None 182 (94.8) 188 (50.8)

Glasgow Coma Scale
(Best available score
in the first 24 h)

13–15 179 (93.2) 189 (98.4) 8.6 0.014*
9–12 11 (5.7) 1 (0.5)
≤ 8 2 (1.1) 2 (1.1)

Total 192 (100) 192 (100)
*p < 0.05: significant

Table 4  Severity of TBI among cases and controls
Cases (%) Controls (%) Chi-square value p-value

No TBI 90 (46.9) 131 (68.2)
Mild TBI 85 (44.3) 57 (29.7) 23.07 < 0.001*
Moderate TBI 15 (7.8) 2 (1.0)
Severe TBI 2 (1.0) 2 (1.0)
Total 192(100) 192 (100 )
*p < 0.05: significant
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TBI, vomiting, loss of consciousness, headache, convul-
sions, ear bleeding and nose bleeding were reported 
significantly more frequently among the cases with TBI 
(Table 5).

Among the types of maxillofacial injuries, facial frac-
tures were significantly more common among the cases 
with TBI. Approximately 40% (n = 41) of cases with TBI 
had facial fracture, while approximately 12% (n = 11) of 
cases without TBI had facial fracture (Table  6). Among 
the total 52 cases with facial fractures, 63.5% (n = 33) had 
mid-face fractures, 28.8% (n = 15) had upper-face frac-
tures, and 7.7% (n = 4) had lower-face fractures. Cases 
with TBI mostly had upper face fractures (n = 14, 34.1%), 
followed by mid-face fractures (n = 23, 56.1%). There were 
only a few lower face fractures (n = 4, 9.8%). In compari-
son, among the cases without TBI, most had mid-face 
bone fractures (n = 10, 90.9%) and the remaining one case 
had upper face fracture. There was no significant associa-
tion between facial fracture type and the presence of TBI 
(χ2 = 4.6; p = 0.099).

When the other types of maxillofacial injuries were fur-
ther analysed for TBI associations, dentoalveolar fracture 
was significantly associated with cases without TBI while 
soft tissue injuries were not associated with TBI (Table 6). 
The mean FISS score for maxillofacial injuries was greater 
among cases with TBI, and the difference in the FISS 
score between cases with TBI (mean = 1.31 ± 1.74) and 
those without TBI (mean = 0.74 ± 0.91), as determined by 
the nonparametric Mann‒Whitney test, was significant 
(p = 0.019).

Multiple logistic regression analysis with the pres-
ence/absence of TBI among the cases as the dependent 
variable and other independent variables that entered 
the analysis by the enter method, revealed a signifi-
cant association of RTA, duration of hospital stays, and 

Table 5  Symptoms associated with TBI among the cases
Variable With TBI 

(%)
Without 
TBI (%)

Chi-
square 
value

p-value

Vomiting Yes 52 (51.0) 4 (4.4) 50.12 < 0.001*
No 50 (49.0) 86 (5.6)

Loss of 
Consciousness

Yes 40 (39.2) 4 (4.4) 52.72 < 0.001*

No 62 (60.8) 86 (95.6)
Headache Yes 24 (23.5) 1 (1.1) 21.22 < 0.001*

No 78 (76.5) 89 (98.9)
Convulsions Yes 8 (7.8) 0 (0) 7.37 0.007*

No 94 (92.2) 90 (100)
Nosebleed Yes 30 (29.4) 72 (70.6) 28.29 < 0.001*

No 1 (1.1) 89 (98.9)
Ear Bleed Yes 7 (6.9) 95 (93.1) 3.96 0.047*

No 1 (1.1) 89 (98.9)
Total 102 (100) 90 (100)

*p < 0.05: significant

Table 6  Type of maxillofacial injury associated with TBI among 
the cases
Variable With TBI (%) Without 

TBI (%)
Chi-
square 
value

p-value

Facial Fracture Yes 41 (40.2) 11 (12.2) 18.95 < 0.001*
No 61 (59.8) 79 (87.8)

Dentoalveolar 
Fracture

Yes 2 (2.0) 10 (11.1) 6.83 0.009*
No 100 (98.0) 80 (88.9)

Soft tissue injuries Yes 78 (76.5) 76 (84.4) 0.21 0.114
No 24 (23.5) 14 (15.6)

Total 102 (100) 90 (100)
*p < 0.05: significant

Fig. 2  Types of traumatic brain injury among cases and controls
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dentoalveolar fracture with TBI. Omnibus tests for model 
coefficients were significant, indicating the validity of the 
model, and the null hypothesis was rejected. The good-
ness of fit test (Hosmer‒Lemeshow test) was not signifi-
cant (χ2 = 7.31, p = 0.504), indicating the predictability of 
the independent variables. The odds ratios indicated that 
RTA increased the risk of TBI among the cases by 3.5 
times, while an odds ratio of 0.04 indicated that dentoal-
veolar fracture is an indicator of a significantly lower risk 
for TBI among the cases. Cases with TBI were likely to be 
hospitalized for greater than four days (Table 7).

Discussion
The present study aimed to evaluate the association 
between TBI and maxillofacial injuries in a paediatric 
age group. This was done by comparing the occurrence 
of TBI in paediatric patients who reported to the hospital 
with injuries in the maxillofacial region and other loca-
tions of the body. The results of this case–control study 
revealed a positive association between maxillofacial 
injuries and TBI among paediatric patients. There are 
multiple published studies on the association between 
TBI and maxillofacial injuries with varying results. A 
literature review revealed a greater occurrence of TBI 
among patients with maxillofacial injuries [9], but there 
is little or no literature specific to the paediatric age 
group. In our study, more than 50% of patients with max-
illofacial injuries were diagnosed with TBI. The greater 
risk of TBI among patients with maxillofacial injuries 
seems to be due to the close anatomic proximity of the 
maxillofacial region to the cranium [15, 16]. The results 
of our study are similar to those of Rajandram et al., 
who reported that the risk of TBI increased by 1.5 times 
among patients with facial fractures; however, their study 

sample included a wide age range of 2–86 years, and only 
approximately 35% of the patients were in the paediat-
ric age group [8]. The risk of occurrence of TBI in our 
study was 2.5 times greater among paediatric patients 
with maxillofacial injuries than among those with injuries 
involving other parts of the body. Maxillofacial injuries, 
along with TBI, may cause serious aesthetic and func-
tional deficits in a growing child. The presence of injuries 
in the orofacial region draws immediate attention from 
the patient, primary care givers and treating surgeons/
physicians. However, the diagnosis of TBI is challenging 
in the paediatric population due to diverse clinical pre-
sentations in this age group, potentially leading to missed 
diagnoses of TBI [13]. As there is some evidence regard-
ing the association between maxillofacial injuries and 
TBI; in cases of maxillofacial injuries in paediatric age 
group, TBI needs to be thoroughly investigated to avoid 
missed or late diagnosis.

Among the 192 children with maxillofacial injuries, 
more than half were adolescents. Risk-taking behaviour 
seems to increase as a child reaches adolescence [17]. An 
earlier study reported that children in the 11- to 15-year 
age group were more likely to experience paediatric 
trauma than were those in other age groups. Reduced 
parental control and increased urge to be independent 
may lead to risk-taking behaviour among older children 
[17]. Our study data also revealed that most paediatric 
trauma patients were between 12 and 18 years of age. 
However, in the case group, the occurrence of trauma 
was greater in the 0-5- and 6-11-year age groups. Trauma 
predilection for craniofacial injuries in younger age 
groups is generally attributed to a greater head-to-body 
weight ratio and weaker neck musculature [18]. However, 

Table 7  Multiple logistic regression analysis model depicting the odds ratio between the presence and absence of TBI among the 
cases
Variable Wald Odds ratio p-value Confidence interval (Lower-upper)
Age 0–6 (ref)

6–12 0.28 0.76 0.599 0.28–2.10
13–18 0.11 1.16 0.744 0.48–2.82

Sex Female (ref)
Male 0.99 0.67 0.321 0.30–1.48

Trauma Cause Other Causes (ref)
Road Traffic Accidents 7.68 3.51 0.006* 1.44–8.52

Duration of Hospital Stay ≤ 3 Days (ref)
≥ 4 Days 28.62 22.09 < 0.001* 7.11–68.64

Facial Fracture No (ref)
Yes 0.22 1.38 0.641 0.36–5.32

Dentoalveolar Fracture No (ref)
Yes 7.86 0.04 0.005* 0.01–0.37

Soft tissue injuries No (ref)
Yes 0.48 0.60 0.489 0.14–2.59

FISS score 0.02 1.03 0.893 0.71–1.49
*p < 0.05: significant
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age did not significantly influence the occurrence of TBI 
in the case group.

Consistent with the findings of other studies, males 
were more prone to traumatic injuries than females in 
both the case and control groups, though the differ-
ence was not statistically significant [9, 17]. This is prob-
ably attributed to more risk-taking attitudes and outdoor 
activities among boys. The cultural role of males may 
also expose them to potentially risky environments. This 
social factor needs to be addressed to formulate strate-
gies to prevent injuries among boys. In our study, only 
one patient in each group had a history of drug and alco-
hol use. The screening rates for alcohol and drug abuse 
remain low for paediatric trauma patients and guidelines 
for drug and alcohol screening, including blood and urine 
testing should be established for trauma patients in hos-
pitals so that underestimations can be avoided [19]. This 
may help in strategizing the prevention of trauma in this 
age group.

The association of RTA with maxillofacial injuries with 
TBI has been observed in studies that included a wide age 
range in the sample, both children and adults [8, 20]. Like 
other studies, we saw RTAs as a major cause of trauma in 
the paediatric age group. A total of 78.6% of the children 
with maxillofacial injuries (cases) and 85.9% of the chil-
dren in the control group had RTA as the etiologic fac-
tor. When the factors influencing the occurrence of TBI 
among patients with maxillofacial injuries were further 
analysed by regression analysis, RTA was identified as a 
risk factor. RTA is a known risk factor for both TBI and 
maxillofacial injuries [21–23].

The presence of TBI with maxillofacial injuries indi-
cated prolonged hospitalization for the paediatric 
patients in our study. In our study, we observed that most 
of the patients with maxillofacial trauma without TBI 
(93.3%) had a hospital stay of less than 3 days. Whereas 
only 46.1% of the maxillofacial trauma patients with TBI 
stayed in the hospital for less than 3 days, more than 
50% of the patients had a longer hospital stay, with more 
than 15% of this group of paediatric patients staying in 
the hospital for more than 8 days. Multicentric stud-
ies have shown that the mean duration of hospitaliza-
tion for patients with TBI for acute care is 7 to 13 days. 
In general, the length of hospitalization increases with 
increasing severity of TBI [24–26].Although the age, 
sex, and socioeconomic status of the participants could 
have influenced the duration of hospitalization, the pres-
ence of TBI along with maxillofacial injuries indicates a 
greater need for surgical intervention and increased risk 
of infection [27] Patients with TBI are hospitalized for 
observation, stabilization, and neurosurgical interven-
tions [28]. The experience of hospitalization has psy-
chological, emotional, and physical impacts, as it can 
be one of the most distressful events in one’s lifetime. 

Hospitalized children experience disruption of routines 
and stress. Since children have limited coping abilities 
and emotional resources, extended hospital stay can have 
major short- and long-term impacts [29].

A definite association between facial fractures and 
TBI has long been debated. Although the occurrence 
of TBI was greater among patients with facial fractures 
and significant in the binary analysis, this difference 
was not significant when other factors were accounted 
for in the regression analysis. However, it was interest-
ing to note that the risk of TBI was significantly lower 
among patients with dentoalveolar injuries. In our study, 
the odds ratio for the association between dentoalveo-
lar fractures and TBI was 0.04, suggesting that dentoal-
veolar injury is a protective factor and that patients with 
only dentoalveolar injury may not be at risk for TBI. 
Among the 12 patients with dentoalveolar injury in our 
study, only 2 had TBI. Both patients had severe mid-face 
fractures.

Earlier studies involving adult individuals revealed a 
significant association between facial fractures and TBI 
[8, 20], while Keenan et al. [30] reported no such associa-
tion. It is also debated whether facial fractures occurring 
due to blunt impact, can have a cushioning effect on the 
brain, depending on the site of the facial fracture. In such 
cases maxillofacial fractures dissipate forces, leading to 
less severe TBI [8]. The same was reflected in our study 
data, as despite the higher frequency of TBI among the 
cases, in terms of severity, mild and moderate TBI were 
higher among cases than the controls.

While upper-face and mid-face fractures have been 
associated with TBI, they are less likely to occur with 
mandibular fractures [19, 31]. A prospective study 
revealed a clear association between fractures present in 
the upper and middle thirds of the face and TBI. A high 
incidence of TBI has been associated with frontal bone 
and zygomatic complex fractures. Additionally, complex 
maxillofacial injuries with multiple bone fractures are at 
increased risk for TBI [28]. In a case series of 100 patients 
comprising both children and adults, all facial fracture 
cases were associated with TBI, and most of them were 
in the mid-face region [32]. The anatomic proximity of 
the traumatic injury seems to be a risk factor for TBI. 
In our study, midface and upper fractures were more 
common among patients with TBI than among patients 
without TBI, although the difference was not significant. 
Among the four patients with mandibular fracture with 
TBI, three had condylar fractures (proximity to the skull 
base), and one patient had associated zygomatic com-
plex and nasal bone fractures. Subgroup analysis of the 
patients with facial fractures in our study revealed that 
most of the injuries involved the mid-face region among 
both children with and without TBI; hence, an associa-
tion between facial fracture type and TBI could not be 
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established. The lack of association could be due to the 
smaller proportion of the sample with facial fractures. 
As only 52 patients were diagnosed with facial fractures, 
the small subset of the study sample was a limitation of 
the study data. However, our study revealed a significant 
association between an increase in the severity of facial 
trauma, as assessed by the FISS, and the presence of 
TBI. Hence, complex maxillofacial injuries, involving the 
upper and midface, may be considered a risk factor for 
TBI.

Among the cases, soft tissue injuries were not associ-
ated with TBI. Earlier studies have yielded conflicting 
results on the association of soft tissue injuries with TBI. 
A cohort study revealed no association of soft tissue inju-
ries with or without facial fractures with TBI [12], while a 
case control study found that 11.2% of patients with both 
facial bone fractures and/or soft tissue injuries had con-
comitant head injuries and 13% of patients who had soft 
tissue injuries alone also had TBI [16]. In another study, 
all types of maxillofacial injuries had association with 
mild TBI, which included 18.6% of soft tissue injuries 
alone [8]. The difference in results may be because the 
sample in our study involved pediatric age group, while 
others involved adults, with wide age range. The associa-
tion of soft tissue injuries with TBI was not established 
by our study data.

In our study, there was a significant association of 
signs of TBI such as loss of consciousness, alteration of 
mental state immediately after trauma, and GCS score, 
with maxillofacial injury. An earlier study reported that 
38.7% of maxillofacial trauma patients reported loss of 
consciousness, which ranged from less than 30  min to 
more than 6 h [33]. Among the 192 children who experi-
enced maxillofacial trauma in our study, more than 22% 
reported loss of consciousness for less than 30 min. Only 
4.2% reported a loss of consciousness lasting more than 
30 min. Most patients with maxillofacial trauma (93.2%) 
had GCS scores of 13–15, and the proportion was simi-
lar to that of patients who presented with injuries outside 
of the maxillofacial region (98.4%). Notably, a GCS score 
between 9 and 12 was observed in 11 (5.7%) maxillofacial 
trauma patients compared to only 1 (0.5%) in the control 
group.

Clinical diagnosis of TBI is based mostly on the 
patient’s history and clinical signs [28]. We noted that 
among the cases with TBI, loss of consciousness, vomit-
ing, headache, convulsions, and nasal and ear bleeding 
were significantly more common and thus, a positive his-
tory of these symptoms should alert the clinicians to the 
possibility of TBI. A prospective study reported a 67% 
incidence of head injury associated with maxillofacial 
trauma. Furthermore, among the patterns of head injury, 
concussion was most strongly associated with maxillo-
facial trauma [34]. Similar findings were observed in our 

study. We observed that more than half of the patients 
with TBI in both the case and control groups had concus-
sion injuries. More than 80% of the patients in the case 
group had mild TBI. Facial fractures, particularly those 
with multiple injuries, have been associated with mild 
TBI [35]. The diagnosis of mild TBI is important, partic-
ularly if it is associated with maxillofacial injury, as the 
risk for neuropsychological and cognitive impairment is 
greater [5].

Thus, based on our study results during the evaluation 
of paediatric patients with maxillofacial injuries, the pres-
ence of facial fractures should alert clinicians to the pos-
sibility of TBI, particularly mild TBI such as concussion 
injuries. It is important to obtain a history of symptoms 
related to TBI in these patients. In contrast, mild maxil-
lofacial injuries such as dentoalveolar fractures indicate 
a lower likelihood of TBI. However, we recommend that 
all paediatric patients with maxillofacial injuries undergo 
further investigation via CT scan and clinical observation 
for TBI, considering the greater odds of TBI observed in 
our study.

Prevention of TBI injury strategies for children should 
focus on male children, particularly those less than 
12-years of age who may be at greater risk for maxillo-
facial injuries and hence TBI, screening adolescents for 
drug and alcohol history and prevention of RTA. Such 
measures will prevent prolonged hospitalization associ-
ated with TBI that can affect the psychological well-being 
of children.

The current study was conducted in a single tertiary 
care hospital and hence may not represent all the pae-
diatric trauma cases reported in the region. The study 
design is retrospective and is dependent on the accuracy 
of patient records for data on patient history, clinical 
signs, and diagnosis. Any errors in the original examina-
tion or documentation influenced the study outcomes. 
We could not find follow-up data from the patients’ 
records, limiting the availability of data on possible late 
TBI diagnoses. However, we analysed paediatric trauma 
cases over a 15-year period with a well-defined sample 
size and conducted this study with a case‒control design, 
taking into consideration the lower occurrence of trauma 
in the paediatric age group in earlier studies involving 
wide age ranges [8, 32]. The case–control design allows 
for obtaining odds ratios that quantify the risk of TBI. 
We did not match the age or sex of the patients, which 
are common variables used for matching, as the available 
literature indicated that age and sex are strong risk fac-
tors for TBI [8, 16, 17, 36]. The confounding effect of the 
age and sex factors was adjusted for during the logistic 
regression analysis. The results of our study provide only 
an association of the possible risk factors for the occur-
rence of TBI among children with maxillofacial injuries, 
due to the inherent temporal bias of the case-control 
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design. Further prospective studies focusing on accurate 
and standardized multicentric data recording systems 
will provide a more definitive conclusion on whether 
all paediatric patients with maxillofacial injuries should 
be screened for TBI. Conversely, future studies can also 
investigate if paediatric patients with TBI need to be 
screened for maxillofacial injuries.

Conclusion
Within the limitations of the study design, the following 
conclusions may be drawn:

1.	 Paediatric patients with maxillofacial injuries need to 
be screened for TBI, as the risk of occurrence of TBI 
is 2.5 times greater among paediatric patients with 
maxillofacial injuries than among those with injuries 
involving other parts of the body.

2.	 RTA and prolonged hospitalization are factors 
associated with TBI among paediatric patients 
with maxillofacial injuries. The presence of only 
dentoalveolar injuries decreases the likelihood of a 
TBI.

Abbreviations
TBI	� Traumatic Brain Injury
RTA	� Road Traffic Accident
GCS	� Glasgow Coma Scale
CT scan	� Computed Tomography Scan
FISS	� Facial Injury Severity Scale
SPSS	� Statistical Package for Social Sciences

Acknowledgements
The authors wish to acknowledge the guidance and support provided by Dr. 
Dilip G Naik, Pro-vice Chancellor (Mangalore Campus), Manipal Academy of 
Higher Education; Dr. Ashita Uppoor, Professor and Dean, MCODS Mangalore, 
Manipal Academy of Higher Education and Dr. Anand Venugopal, Chief 
Operating Officer, Teaching Hospitals, Manipal Academy of Higher Education, 
for their support and guidance during the conduct of the study.

Author contributions
B.S.S.: Conceptualization, Methodology, Validation, Investigation, Data 
Curation, Data analysis, Writing-Original Draft, Writing-Review and Editing. 
M.L.W.: Conceptualization, Methodology, Validation, Writing-Review and 
Editing. J.B.: Conceptualization, Methodology, Validation, Investigation, 
Resources, Writing-Original Draft, Writing-Review and Editing. S.S.S.: 
Conceptualization, Writing-Review and Editing. R.S.: Conceptualization, 
Methodology, Data Analysis, Writing-Review and Editing Manuscript. F.J.: 
Methodology, Writing-Review and Editing. J.R.: Resources, Writing-Review and 
Editing. M.K.V.: Resources, Writing-Review and Editing. A.N.P.: Investigation, 
Writing-Review and Editing. D.C.: Investigation, Writing-Review and Editing. All 
authors reviewed the manuscript.

Funding
Open access funding provided by Manipal Academy of Higher Education, 
Manipal
The authors declare that there were no sources of funding for this research.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Permission for using study related data from the Medical Records Department 
for this retrospective research was granted by the Institutional Ethics 
Committee, Manipal College of Dental Sciences Mangalore (Reference 
number 2044), and thereafter by the medical superintendent of the hospital. 
As no personal demographic and identifier data were included in the study, 
the need for consent to participate from the patients whose data were 
included in the study was deemed unnecessary by the Institutional Ethics 
Committee, Manipal College of Dental Sciences Mangalore, in accordance 
with Indian Council Medical Research guidelines (2017).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Pediatric and Preventive Dentistry, Manipal College 
of Dental Sciences Mangalore, Manipal Academy of Higher Education, 
Manipal, Karnataka 576104, India
2Injury Epidemiology and Prevention Research Group, Turku Brain Injury 
Center, Division of Clinical Neurosciences, Turku University Hospital and 
University of Turku, Turku, Finland
3Section for Oral Health, Heidelberg Institute of Global Health, University 
of Heidelberg, Im Neuenheimer Feld 130.3, 69120 Heidelberg, Germany
4Department of Oral and Maxillofacial Surgery, Manipal College of Dental 
Sciences Mangalore, Manipal Academy of Higher Education, Manipal, 
Karnataka 576104, India
5Turku University Hospital and University of Turku, Turku, Finland
6Department of Public Health Dentistry, Manipal College of Dental 
Sciences Mangalore, Manipal Academy of Higher Education, Manipal, 
Karnataka 576104, India
7Physical Medicine and Rehabilitation Research Centre, Aging Research 
Institute, Tabriz University of Medical Sciences, Tabriz, Iran
8Department of Emergency Medicine, Kasturba Medical College, 
Mangalore, Manipal Academy of Higher Education, Manipal,  
Karnataka 576104, India
9Department of Neurosurgery, Kasturba Medical College, Mangalore, 
Manipal Academy of Higher Education, Manipal, Karnataka 576104, India
10Manipal College of Dental Sciences Mangalore, Manipal Academy of 
Higher Education, Manipal, Karnataka 576104, India

Received: 12 September 2024 / Accepted: 18 December 2024

References
1.	 Menon DK, Schwab K, Wright DW, Maas AI, Demographics, Clinical Assess-

ment Working Group of the International and Interagency Initiative toward 
Common Data Elements for Research on Traumatic Brain Injury and Psycho-
logical Health. Position statement: definition of traumatic brain injury. Arch 
Phys Med Rehabil. 2010;91(11):1637–40. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​a​p​m​r​.​2​0​1​0​.​
0​5​.​0​1​7​​​​​.​​​

2.	 Falk AC, Klang B, Paavonen EJ, von Wendt L. Current incidence and manage-
ment of children with traumatic head injuries: the Stockholm experience. 
Dev Neurorehabil. 2007;10(1):49–55. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​8​0​/​1​3​6​3​8​4​9​0​6​0​0​8​6​
4​0​6​6​​​​​.​​​

3.	 Sminkey L. World report on child injury prevention. Inj Prev. 2008;14(1):69. 
https:/​/doi.or​g/10.11​36/i​p.2007.018143.

4.	 Schneier AJ, Shields BJ, Hostetler SG, Xiang H, Smith GA. Incidence of pediat-
ric traumatic brain injury and associated hospital resource utilization in the 
United States. Pediatrics. 2006;118(2):483–92. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​5​4​2​/​p​e​d​s​.​2​0​
0​5​-​2​5​8​8​​​​​.​​​

5.	 Lloyd J, Wilson ML, Tenovuo O, Saarijärvi S. Outcomes from mild and moder-
ate traumatic brain injuries among children and adolescents: a systematic 
review of studies from 2008–2013. Brain Inj. 2015;29(5):539–49. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​3​1​0​9​/​0​2​6​9​9​0​5​2​.​2​0​1​4​.​1​0​0​2​0​0​3​​​​​.​​​

https://doi.org/10.1016/j.apmr.2010.05.017
https://doi.org/10.1016/j.apmr.2010.05.017
https://doi.org/10.1080/13638490600864066
https://doi.org/10.1080/13638490600864066
https://doi.org/10.1136/ip.2007.018143
https://doi.org/10.1542/peds.2005-2588
https://doi.org/10.1542/peds.2005-2588
https://doi.org/10.3109/02699052.2014.1002003
https://doi.org/10.3109/02699052.2014.1002003


Page 11 of 11Suprabha et al. BMC Oral Health         (2024) 24:1560 

6.	 Kemp A, Sibert J. Childhood accidents: epidemiology, trends, and prevention. 
J Accid Emerg Med. 1997;14(5):316–20. https:/​/doi.or​g/10.11​36/e​mj.14.5.316.

7.	 Mihić J, Rotim K, Marcikić M, Smiljanić D. Head injury in children. Acta Clin 
Croat. 2011;50(4):539–47.

8.	 Rajandram RK, Syed Omar SN, Rashdi MF, Abdul Jabar MN. Maxillofacial inju-
ries and traumatic brain injury - a pilot study. Dent Traumatol. 2014;30(2):128–
32. https:/​/doi.or​g/10.11​11/e​dt.12052.

9.	 Abosadegh MM, Rahman SA. Epidemiology and incidence of traumatic head 
injury associated with maxillofacial fractures: a global perspective. J Int oral 
Health. 2018;10(2):63–70. https:/​/doi.or​g/10.41​03/j​ioh.jioh_9_18.

10.	 Pandey S, Roychoudhury A, Bhutia O, Singhal M, Sagar S, Pandey RM. Study of 
the pattern of maxillofacial fractures seen at a tertiary care hospital in North 
India. J Maxillofac Oral Surg. 2015;14(1):32–9. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​7​/​s​1​2​6​6​
3​-​0​1​3​-​0​5​7​8​-​4​​​​​.​​​

11.	 Patil SG, Patil BS, Joshi U, Allurkar S, Japatti S, Munnangi A. The facial skeleton: 
Armor to the brain? Indian J Dent. 2016;7(3):116–20. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​4​1​0​3​/​
0​9​7​5​-​9​6​2​X​.​1​8​0​3​1​8​​​​​.​​​

12.	 Rahman SA, Chandrasala S. When to suspect head injury or cervical spine 
injury in maxillofacial trauma? Dent Res J (Isfahan). 2014;11(3):336–44.

13.	 Araki T, Yokota H, Morita A. Pediatric traumatic brain injury: characteristic fea-
tures, diagnosis, and management. Neurol Med Chir (Tokyo). 2017;57(2):82–
93. https:/​/doi.or​g/10.21​76/n​mc.ra.2016-0191.

14.	 Bagheri SC, Dierks EJ, Kademani D, Holmgren E, Bell RB. Hommer let al. 
Application of a facial injury severity scale in craniomaxillofacial trauma. J Oral 
Maxillofac Surg. 2006;64(3):408–14. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​o​m​s​.​2​0​0​5​.​1​1​.​0​1​
3​​​​​.​​​

15.	 Hardt N, Kuttenberger J, editors. Craniofacial Trauma: diagnosis and manage-
ment. Berlin: Springer; 2010. https:/​/doi.or​g/10.10​07/9​78-3-540-33041-7.

16.	 Zandi M, Seyed Hoseini SR. The relationship between head injury and facial 
trauma: a case–control study. Oral Maxillofac Surg. 2013;17(3):201–7. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​7​/​s​1​0​0​0​6​-​0​1​2​-​0​3​6​8​-​z​​​​​.​​​

17.	 Kundal VK, Debnath PR, Sen A. Epidemiology of pediatric trauma and its pat-
tern in urban India: a tertiary care hospital-based experience. J Indian Assoc 
Pediatr Surg. 2017;22(1):33–7. https:/​/doi.or​g/10.41​03/0​971-9261.194618.

18.	 Pinto PS, Meoded A, Poretti A, Tekes A, Huisman TA. The unique features of 
traumatic brain injury in children. Review of the characteristics of the pediat-
ric skull and brain, mechanisms of trauma, patterns of injury, complications, 
and their imaging findings—part 2. J Neuroimaging. 2012;22(2):e18–41. 
https:/​/doi.or​g/10.11​11/j​.1552-6569.2011.00690.x.

19.	 Robinson T, Tarzi C, Zhou XG, Bailey K. Screening for alcohol and substance 
use in pediatric trauma patients: a retrospective review. J Pediatr Surg. 
2020;55(5):921–5. https:/​/doi.or​g/10.10​16/j​.jpedsurg.2020.01.042.

20.	 Zhou HH, Liu Q, Yang RT, Li Z, Li ZB. Traumatic head injuries in patients with 
maxillofacial fractures: a retrospective case–control study. Dent Traumatol. 
2015;31(3):209–14. https:/​/doi.or​g/10.11​11/e​dt.12165.

21.	 Sinha V, Chaudhary N, Jha SG, Chaudhari NP, Rathva KR. Management of Max-
illofacial Trauma in Road Traffic Accident (RTA) at Tertiary Care Center. Indian J 
Otolaryngol Head Neck Surg. 2022;74(Suppl 2):1246–52. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​
0​7​/​s​1​2​0​7​0​-​0​2​0​-​0​2​2​9​9​-​6​​​​​.​​​

22.	 Dunne J, Quiñones-Ossa GA, Still EG, Suarez MN, González-Soto JA, Vera DS, 
et al. The epidemiology of traumatic brain injury due to traffic accidents in 
Latin America: a narrative review. J Neurosci Rural Pract. 2020;11(2):287–90. 
https:/​/doi.or​g/10.10​55/s​-0040-1709363.

23.	 Baker CE, Martin P, Wilson MH, Ghajari M, Sharp DJ. The relationship between 
road traffic collision dynamics and traumatic brain injury pathology. Brain 
Commun. 2022;4(2):fcac033. https:/​/doi.or​g/10.10​93/b​raincomms/fcac033.

24.	 Yue JK, Krishnan N, Chyall L, Haddad AF, Vega P, Caldwell DJ. Predictors of 
extreme hospital length of stay after traumatic brain injury. World Neurosurg. 
2022;167:e998–1005. https:/​/doi.or​g/10.10​16/j​.wneu.2022.08.122.

25.	 Tardif PA, Moore L, Boutin A, Dufresne P, Omar M, Bourgeois G, et al. Hospital 
length of stay following admission for traumatic brain injury in a Canadian 
integrated trauma system: a retrospective multicenter cohort study. Injury. 
2017;48(1):94–100. https:/​/doi.or​g/10.10​16/j​.injury.2016.10.042.

26.	 Lund SB, Gjeilo KH, Moen KG, Schirmer-Mikalsen K, Skandsen T, Vik A. Moder-
ate traumatic brain injury, acute phase course and deviations in physiologi-
cal variables: an observational study. Scand J Trauma Resusc Emerg Med. 
2016;24(1):139. https:/​/doi.or​g/10.11​86/s​13049-016-0329-x.

27.	 Kashkooe A, Yadollahi M, Pazhuheian F. What factors affect length of hospital 
stay among trauma patients? A single-center study. Southwest Iran Chin J 
Traumatol. 2020;23(3):176–80. https:/​/doi.or​g/10.10​16/j​.cjtee.2020.01.002.

28.	 Navaneetham R, Menon S, Sham ME, Kumar V. Role of the Maxillofacial Sur-
geon in identifying the correlation between facial bone fractures and trau-
matic Brain Injury-A prospective study. Ann Maxillofac Surg. 2022;12(2):161–5. 
https:/​/doi.or​g/10.41​03/a​ms.ams_169_21.

29.	 Rokach A. Psychological, emotional and physical experiences of hospitalized 
children. Clin Case Rep Rev. 2016;2(4):399–401. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​5​7​6​1​/​C​C​R​
R​.​1​0​0​0​2​2​7​​​​​.​​​

30.	 Keenan HT, Brundage SI, Thompson DC, Maier RV, Rivara FP. Does the face 
protect the brain? A case–control study of traumatic brain injury and facial 
fractures. Arch Surg. 1999;134(1):14–7. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​0​1​/​a​r​c​h​s​u​r​g​.​1​3​4​.​1​
.​1​4​​​​​.​​​

31.	 Lee KF, Wagner LK, Lee YE, Suh JH, Lee SR. The impact- absorbing effects of 
facial fractures in closed-head injuries. J Neurosurg. 1987;66(4):542–7. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​​o​r​g​/​1​0​.​3​1​7​1​/​j​n​s​.​1​9​8​7​.​6​6​.​4​.​0​5​4​2​​​​​.​​​

32.	 Rajendra PB, Mathew TP, Agrawal A, Sabharawal G. Characteristics of associ-
ated craniofacial trauma in patients with head injuries: an experience with 
100 cases. J Emerg Trauma Shock. 2009;2(2):89–94. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​4​1​0​3​/​0​
9​7​4​-​2​7​0​0​.​5​0​7​4​2​​​​​.​​​

33.	 Taha S, Eltohami YI. Neurological manifestations of Maxillofacial Trauma. 
Open Acc J Toxicol. 2018;3(3):555615. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​9​0​8​0​/​O​A​J​T​.​2​0​1​8​.​0​3​.​
5​5​5​6​1​5​​​​​.​​​

34.	 Joshi UM, Ramdurg S, Saikar S, Patil S, Shah K. Brain injuries and facial 
fractures: a prospective study of incidence of Head Injury Associated with 
Maxillofacial Trauma. J Maxillofac Oral Surg. 2018;17(4):531–7. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​
1​0​.​1​0​0​7​/​s​1​2​6​6​3​-​0​1​7​-​1​0​7​8​-​8​​​​​.​​​

35.	 Abdul Razak N, Nordin R, Abd Rahman N, Ramli R. A retrospective analysis of 
the relationship between facial injury and mild traumatic brain injury. Dent 
Traumatol. 2017;33(5):400–5. https:/​/doi.or​g/10.11​11/e​dt.12355.

36.	 Dey T, Mukherjee A, Chakraborty S. A practical overview of case–control 
studies in clinical practice. Chest. 2020;158(1S):S57–64. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​
6​/​j​.​c​h​e​s​t​.​2​0​2​0​.​0​3​.​0​0​9​​​​​.​​​

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1136/emj.14.5.316
https://doi.org/10.1111/edt.12052
https://doi.org/10.4103/jioh.jioh_9_18
https://doi.org/10.1007/s12663-013-0578-4
https://doi.org/10.1007/s12663-013-0578-4
https://doi.org/10.4103/0975-962X.180318
https://doi.org/10.4103/0975-962X.180318
https://doi.org/10.2176/nmc.ra.2016-0191
https://doi.org/10.1016/j.joms.2005.11.013
https://doi.org/10.1016/j.joms.2005.11.013
https://doi.org/10.1007/978-3-540-33041-7
https://doi.org/10.1007/s10006-012-0368-z
https://doi.org/10.1007/s10006-012-0368-z
https://doi.org/10.4103/0971-9261.194618
https://doi.org/10.1111/j.1552-6569.2011.00690.x
https://doi.org/10.1016/j.jpedsurg.2020.01.042
https://doi.org/10.1111/edt.12165
https://doi.org/10.1007/s12070-020-02299-6
https://doi.org/10.1007/s12070-020-02299-6
https://doi.org/10.1055/s-0040-1709363
https://doi.org/10.1093/braincomms/fcac033
https://doi.org/10.1016/j.wneu.2022.08.122
https://doi.org/10.1016/j.injury.2016.10.042
https://doi.org/10.1186/s13049-016-0329-x
https://doi.org/10.1016/j.cjtee.2020.01.002
https://doi.org/10.4103/ams.ams_169_21
https://doi.org/10.15761/CCRR.1000227
https://doi.org/10.15761/CCRR.1000227
https://doi.org/10.1001/archsurg.134.1.14
https://doi.org/10.1001/archsurg.134.1.14
https://doi.org/10.3171/jns.1987.66.4.0542
https://doi.org/10.3171/jns.1987.66.4.0542
https://doi.org/10.4103/0974-2700.50742
https://doi.org/10.4103/0974-2700.50742
https://doi.org/10.19080/OAJT.2018.03.555615
https://doi.org/10.19080/OAJT.2018.03.555615
https://doi.org/10.1007/s12663-017-1078-8
https://doi.org/10.1007/s12663-017-1078-8
https://doi.org/10.1111/edt.12355
https://doi.org/10.1016/j.chest.2020.03.009
https://doi.org/10.1016/j.chest.2020.03.009

	﻿Association of maxillofacial injuries with traumatic brain injuries in paediatric patients: a case–control study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Ethical considerations
	﻿Sampling
	﻿Sample size calculation
	﻿Definition of cases
	﻿Definition of controls
	﻿Inclusion and exclusion criteria


	﻿Data collection
	﻿Data analysis
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


