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Abstract 
Background: Globally, much has changed in the imaging modalities available 
to investigate maxillofacial trauma. Nevertheless, the regional practice pat-
terns are highly influenced by availability, affordability and accessibility of 
imaging services as well as competence in interpreting radiological images 
and the practice of defensive medicine. The aim was to assess the use of max-
illofacial trauma imaging modalities as well as to document patterns of ske-
letal injuries at selected government-sponsored health facilities in Kenya. 
Material and Methods: A cross sectional study, done in three health facili-
ties. Results: There were 137 (81.5%) males and 31 (18.5%) females with a 
mean of 27.73 ± 9.86 years. Commonest aetiology of trauma was interperson-
al violence (80, 47.62%) and road traffic crashes (63, 37.50%). The total 
number of radiological examinations was 250 with a mean of 1.49 ± 0.99 ex-
aminations per patient. Plain film radiographs were more (210, 84%) than 
computed tomographic scans (39, 15.6%). Dental panoramic technique was 
the most (104, 61.9%) popular. Most participants experienced isolated frac-
tures to the mandible (99, 58.9%) and midface (28, 16.7%). Conclusion: 
Dental panoramic radiography remained the imaging of choice for mandibu-
lar fractures which had the commonest occurrence. There is a shift from the 
traditional conventional skull radiography to computed tomography in the 
diagnosis of midfacial fractures. Judicious utilization and prompt provision of 
affordable services in dental panoramic and computed tomographic scanning 
at the study centers and other upcoming health facilities are paramount in 
ensuring timely diagnosis and management of maxillofacial injuries in Kenya. 
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1. Introduction 

The role of imaging in maxillofacial injury is to determine the location of the 
anatomic structures of both hard and soft tissue in various spatial planes. More-
over, it plays a part in categorization of fractures, planning of definitive treat-
ment, intraoperative and postoperative assessment of surgical outcome and sub-
sequent healing [1] [2] [3] [4]. A lot has changed in the imaging modalities and 
techniques available to achieve this goal.  

Some of these forms of imaging include plain film radiography of the skull 
and other maxillofacial projections, Computed Tomographic scanning (CT 
scan), Cone Beam Computed Tomography (CBCT), Magnetic Resonance Imag-
ing (MRI) and ultrasound (US). Plain films and CT are the modalities that are 
mostly used in evaluating maxillofacial trauma. However, plain film radiography 
is limited in the assessment of dental and maxillofacial injury. The drawbacks 
include anatomic superimposition of facial structures necessitating the use of 
several projections, the effect of soft tissue edema on the quality of the image and 
inability to image soft tissues. Additionally, there is a higher chance of technical 
errors that are related to patient positioning, film processing and geometric dis-
tortion [5] [6] [7]. Hence, CT was introduced in the late 1970s and 1980s which 
enabled visualization of both hard and soft tissues in multiple planes [8] [9] [10]. 
Nevertheless, the cost of CT machine installation and imaging services is defi-
nitely higher as compared to two dimensional imaging. This led to the invention 
of CBCT which led to reduction of time for volumetric data acquisition, lower 
radiation dose than conventional CT and lower cost of installation. However, 
CBCT is best suited for the investigation of hard tissue [11] [12]. 

The MRI also plays a role in investigating cranial nerves, soft tissue involve-
ment i.e. articular disk and assessing hematomas [3]. Additionally, it supple-
ments CT in the assessment of orbital injuries such as tracing the optic nerve, 
assessing associated brain trauma and postoperative assessment of secondary 
repair of orbital defects [11] [13] [14]. Ultrasound has been suggested as a com-
plementary diagnostic procedure to augment CT in the assessment of patients 
with midfacial fractures [15] [16] [17]. Maxillofacial trauma has a high incidence 
of occurrence and requires accurate and prompt diagnosis and management. 
Diagnostic imaging is paramount; however, the current utilization in Kenya has 
not been documented hence the need for the study. The aim of the study was to 
assess the use of conventional radiography, computed tomography and other 
imaging modalities in the diagnosis of maxillofacial trauma at selected Health 
facilities in Kenya. 

2. Materials and Method  

The research work was a cross-sectional study which was conducted at three 
public health facilities which had varied access to head and neck imaging modal-
ities. The modalities included plain film radiography (skull, panoramic and 
intraoral radiography), ultrasound and advanced imaging modalities (CBCT, CT 
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and MRI). 
The study included only in- and outpatients who had experienced oral and 

maxillofacial injuries and were treated at the maxillofacial wards and clinics at 
the study centers. Patients who did not consent to participate in the study were 
excluded. The patients were selected through the non-probability convenience 
sampling method which included patients who visited the study centers and 
consented to participate in the study. Hence, every patient who presented with 
maxillofacial injury at the study centers was invited to participate in the study. 
Data was collected by the first author assisted by a research assistant; it was ob-
tained from patient interviews as well as from their clinical notes and diagnostic 
images. The request for the imaging at the study centers had been done by the 
attending clinicians who were dentists and or senior maxillofacial registrars and 
maxillofacial surgeons. The same team interpreted the images. However, the CT 
scans were additionally interpreted by general radiologists. Radiographs and CT 
scans were viewed on light box viewers. Findings from the radiographs were 
recorded on the data collection forms. The information obtained was analysed 
using statistical packages for social sciences (SPSS) 20.0 (SPSS Inc. Chicago, Illi-
nois, USA). 

The proposal was approved by the Ethics and Research Committee under ap-
proval number, P345/06/2012. Written consent was obtained from the patients, 
parent or guardian and all the information was kept confidential. 

3. Results 

The results of this study include the demographic data of the participants, the 
aetiology of maxillofacial trauma, the radiographic investigations that were per-
formed and the pattern of maxillofacial fractures.  

3.1. Demographic Data 

There were 168 participants, 137 (81.5%) were males while 31 (18.5%) were fe-
males. The age ranged between 2.5 - 60 years with a mean of 27.73 ± 9.86 years. 
The mean age for females (22.85 ± 10.55) was significantly lower (independent 
samples t-test, p = 0.002) than for the males (28.86 ± 9.38). The age group 21 - 
30 comprised the majority (73, 43%) of patients involved in maxillofacial trauma 
(Table 1). 

3.2. Aetiology of Maxillofacial Trauma 

The cause of trauma was mainly through interpersonal violence (IPV) (80, 
47.62%) and road traffic crashes (RTC) (63, 37.50%). Minor causes included falls 
and sports injuries (22, 13.1%) while three (1.8%) others included a case of a 
donkey bite, accident at a stone quarry and one child experienced intraoral in-
jury to the buccal tissues by napier grass (Table 2). Majority of people aged 21 
years and above experienced trauma through RTC and IPV while falls and sports 
injury involved the younger individuals aged below 20 years. Aetiology of injury  
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Table 1. Gender distribution according to age groups. 

AGE GROUP 
Gender distribution 

Females Males Total (%) 

0 - 10 3 6 9 (5.4) 

11 - 20 11 14 25 (14.9) 

21 - 30 11 62 73 (43.5) 

31 - 40 5 40 45 (26.8) 

41 - 50 1 9 10 (6.0) 

51 - 60 0 3 3 (1.8) 

Unknown age 0 3 3 (1.8) 

Total 31 137 168 (100) 

 
Table 2. Aetiology of maxillofacial trauma. 

Aetiology Number of patients % 

Interpersonal violence 80 47.62 

Road traffic crashes 63 37.50 

Falls 15 8.93 

Sports 7 4.17 

Others 3 1.80 

Total 168 100 

 
was found to be dependent on age. Chi-square test was significant and a rela-
tionship was found between age group and cause of injury, X2 (4, n = 162) = 
25.649, P = 0.001. 

3.3. Radiographic Investigations 

Majority (161, 94.4%) of the patients seen at the study centers underwent radio-
graphic investigations either as additional or preliminary imaging. A third (57, 
33.9%) of the patients had already received initial management in minor health 
facilities before referral to the study centers. Most (44, 77.19%) of the referred 
patients had various radiographic investigations done before referral.  

All the images whether digital or analogue were printed on radiographic films 
and were mainly (126, 75%) kept by the patients while the hospital archived a 
few of them. Almost all (164, 97.6%) the patients undertook the requested im-
ages while only 4 (2.4%) did not. Only one participant declined extra imaging 
after having taken (postero-anterior) PA and lateral skull radiographs, while 
three others could not afford. 

The total number of radiological examinations was 250 with a mean of 1.49 ± 
0.99 examinations per patient. The examinations ranged from 0 to a maximum 
of 5 per patient. Majority had one examination (111, 66.1%), followed by two 
(23, 13.7%), three (18, 10.7%), four (6, 3.6%), five (3, 1.8%) while 7 (4.2%) had 
no form of imaging. Plain radiographs were the commonest form of imaging 
(210, 84%) followed by computed tomographic scans. There was only one ultra-
sound investigation which was utilized in a child who had soft tissue trauma of 

https://doi.org/10.4236/ojst.2020.105008


E. N. Kihara et al. 
 

 
DOI: 10.4236/ojst.2020.105008 65 Open Journal of Stomatology 
 

the buccal tissues by a foreign body in form of napier grass. Dental pantomo-
gram was done by most patients while other skull projections were minimally 
done. Intraoral examinations were done for 21 (12.5%) patients only, they in-
cluded intraoral periapicals 10 (6%), upper standard occlusal 9 (5.4%) and lower 
standard occlusal were the least 2 (1.2%) (Table 3). 

3.4. Maxillofacial Fractures  

There were 154 (91.7%) patients who sustained various forms of maxillofacial 
skeletal injuries. Most (99, 58.9%) participants experienced isolated fractures to 
the mandible followed by midface (28, 16.7%). Some patients had a combination 
of mandibular fractures with either midface (24, 14.3%) or upper face fractures 
(2, 1.2%). The most fractured bone in the midface was the maxilla (46, 56%) fol-
lowed by the zygomatic bone (18, 22%), orbit (12, 15%), naso-orbito-ethmoidal 
complex (16, 20%). There were 45 (26.8%) patients who experienced dentoal-
veolar fractures to the lower (24, 14.3%) and upper (20, 11.9%) teeth while only 
one (0.6%) had fractured teeth in both jaws.  

Majority of patients who had sustained mandibular fractures were due to IPV 
while RTC mainly resulted in midface fractures. Most of the patients who expe-
rienced falls and sport injuries had sustained mandibular fractures. Fracture site 
was found to be dependent on cause of injury. Chi-square test was significant 
and a relationship was found between fracture site and cause of injury, X2 (4, n 
= 168) = 17.930, P = 0.001. 

Majority of patients who were diagnosed with mandibular (88, 88.89%) and 
mid/upper face (32, 58.18%) injuries had been investigated through plain film 
radiography and CT scans respectively. 

Among the 99 patients who had isolated mandibular fractures, majority (82, 
82.83%) had been imaged through dental panoramic imaging (Figure 1) while 6 
(6.06%) had CT scans, 15 (15.15%) had both PA and lateral skull views, 6 
(6.06%) PA mandible and 8 (8.08%) had lateral oblique views of the mandible. 
Among the 55 patients who had mid- and upper face fractures with or without 
lower face injuries were assessed largely through CT scans (32, 58.18%) (Figure 
2) while the rest had plain film radiography. 

Thirty nine patients had CT scans which were mostly used to investigate pa-
tients who had experienced trauma due to RTC (30, 76.92%), while the minority 
were due to IPV (6, 15.38%), falls, sports and others (3, 7.69%). Chi-square test 
was significant and a relationship was found between imaging modality and 
cause of injury, X2 (8, n = 168) = 37.382, P = 0.000. Streak artifact and beam 
hardening caused by a metallic object has been demonstrated in Figure 3 which 
shows the image of an IPV victim who experienced knife stab injuries. 

The analysis of the fractures of the mandible revealed the body of the mandi-
ble as the commonest (55, 35%) fracture site followed by angle (34, 21%), para-
symphysis (32, 20%), condyle (21, 13%), symphysis (13, 8%) and ramus (6, 4%) 
while the coronoid process was the least fractured site (2, 1%). Majority of pa-
tients had one fracture site (61, 58.7%) while the rest had 2 or more. The com-
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monest combination of fractures involved the body and other parts of the 
mandible. 

 
Table 3. Imaging techniques utilized to investigate maxillofacial trauma. 

Imaging modality Technique No. of images (%) 

3-Dimensional 
imaging 

Computed tomography 39 (15.6) 

2-Dimensional 
imaging 

Dental panoramic view 104 (41.6) 

Skull views 
Postero-anterior 28 (11.2) 

Lateral 28 (11.2) 

Midface views 
Occipital mental view 2 (0.8) 

Submental view 1 (0.4) 

Temporalmandibular joint views Reverse Townes 3 (1.2) 

Mandibular views 
Lateral oblique 14 (5.6) 

Postero-anterior 9 (3.6) 

Intraoral images 21 (8.4) 

Ultrasound 1 (0.4) 

Total 250 (100) 

 

 
Figure 1. Dental panoramic image showing 
bilateral mandibular body fractures after IPV. 

 

 
(a)                       (b) 

 
(c)                       (d) 

Figure 2. CT scan 3-D images ((a) & (b)) and axial views showing multiple 
fractures involving the mandible (c) and maxilla (d) with displaced fragments. 
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(a)                      (b)                    (c) 

Figure 3. Lateral skull view (a) and CT scan, 3-D view (b) of an IPV 
patient with a knife stack on the forehead. Axial view (c) demonstrates 
streak artifact and beam hardening effect caused by the metallic knife. 

4. Discussion  

Similar to this study, maxillofacial injuries have been found to commonly in-
volve the young adults aged 21 - 30 years old and males are more often involved 
as compared to females. However, the ratio of female to male varies widely 
ranging from 1:1 - 1:11 [18]-[25]. The variation may be due to differences in 
study area, population and its culture, study period, sample size and the variable 
under investigation. Interpersonal violence followed by road traffic crashes af-
fected most of the patients; similar aetiological factors have been previously cited 
as the leading causes of traumatic injuries. Nevertheless, the cause of trauma va-
ries with the age group, gender, ethnic culture, infrastructure, economic status 
and the period in the year when the data is collected [18] [21] [22] [24] [25].  

It was evident that majority of the patients underwent radiological investiga-
tions before and after referral to the health facilities. Most of the radiographic 
investigations which were done before referral included PA and lateral skull 
views. This had already been noted during the routine evaluation of new trauma 
patients. However, it was noted that only a few patients presented with such ra-
diographs though some of them claimed to have left some radiographs at home 
which were highly likely to be skull radiographs. Unfortunately, the skull views 
could not be adequately utilized to diagnose the maxillofacial injuries. Hence, 
appropriate imaging such as panoramic views and CT scan had to be done. Pa-
tients may also delay in acquiring additional images due to long queues at imag-
ing centers or time wasted in obtaining adequate funds. Such a scenario exposes 
the patient to excessive ionizing radiation and increases the cost of imaging 
while delaying the treatment and healing period. Delay in management may lead 
to posttraumatic complications and prolonged suffering among other comorbid-
ities. Delay in getting appropriate maxillofacial imaging may be caused by the 
fact that dental panoramic imaging services are not readily available in most 
health facilities as compared to general radiographic services.  

It was noted that majority of the radiographs were kept by the participants; 
this was probably the safest way of keeping analogue images which saves the 
hospital the archiving space and retrieval time. It also allows the patients to carry 
their radiographic images along during referral to other clinicians so as to avoid 
repeat examinations and unnecessary exposure to ionizing radiation. However, 
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it limits radiology-based research since researchers do not have the luxury of ac-
cessing the images at will, a fact that prompted the current study to be done 
prospectively. This challenge could be overcome through a switch to digital im-
aging which allows more copies of the same image to be created and can be 
stored by both patient and the clinician.  

In the three study centers, conventional radiography formed a major part of 
radiological diagnosis of maxillofacial fractures. They were principally utilized to 
investigate the mandible which was frequently fractured. Apart from panoramic 
imaging which is mostly used to investigate the fractures of the mandible, alter-
native form of imaging was utilized in one of the study centers where dental pa-
noramic imaging was not available and one had to travel for 61 kilometers to 
access one. The alternative imaging included the PA and lateral oblique exami-
nations of the mandible; The PA mandible can also be done in addition to pa-
noramic imaging since it plays an extra role in demonstrating displacement of 
fractures in the posterior part of the mandible [7] [26]. Nevertheless, conven-
tional radiographs may be limited especially in the investigation of mandibular 
condylar fractures particularly when a patient cannot open their mouth ade-
quately during temporal mandibular joint radiological investigations.  

Previous studies have shown that CT scanning of mandibular injuries clearly 
shows condylar fractures in relation to size, location and orientation of the frac-
tured fragments [3] [27]. A meta-analysis of condylar fractures found 3-D im-
aging to be the main imaging modality that was utilized in all the sampled stu-
dies. It was utilised as a diagnostic tool and for computer-assisted preoperative 
simulation. The MRI was also used to investigate the involvement of soft tissues 
of the temporal mandibular joint i.e. the articular disc and joint capsule [2]. Se-
lective intraoperative imaging has been found to play an important role in as-
sessing reduced mandibular fractures as well as prompt correction of any noted 
anomalies [1]. 

The mandible has been found to be the most fractured facial bone as revealed 
in this and other studies [18] [19] [21] [22]. Similar to our findings, Udeabor et 
al., (2014) reported that the commonest fractured mandibular site was the body 
(23.7%) then the parasymphysis 14.1% and angle 9.6% [22]. Another Indian 
study also found the three mandibular sites to be commonly fractured [19]. 
However, a study by Lone et al., (2014) revealed that the parasymphyseal area 
(38%) was frequently fractured followed by the condyle (18%), angle (15%), 
symphysis (14%) and body (14%) [18]. Majority (74%) of the injuries were 
caused by RTC. The mechanism of mandibular trauma has been found to corre-
late with the fracture pattern whereby parasymphyseal fractures are associated 
with RTC, body fractures are likely to result from IPV and condylar fractures 
from falls [28]. 

In our study centers, CT scanning was largely limited to diagnostic evaluation 
of midface fractures involving the maxilla, zygomatic complex, orbital and na-
so-ethmoidal fractures. Similar practice has been reported in a majority of stu-
dies [1] [3] [29]. Use of conventional radiography such as occipital mental and 
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submental views to assess midfacial fractures was minimally utilized at the study 
centers. A previous audit in one of the health facilities had already shown a 
downward trend in utilization of skull and maxillofacial projections [30]. This is 
mainly due to the obvious limitations that are characteristic of two dimensional 
imaging as well as increased accessibility and affordability of advanced imaging 
modalities. CT imaging is therefore, invariable in investigating maxillofacial in-
juries due to its ability to demonstrate fracture sites and displaced fragments in 
multiple planes, 3-D images and panoramic views. Additionally, it is the gold 
standard for patients with multiple craniofacial and brain injuries [3] [27] [29] 
[31].  

Cone beam CT was not utilized at the study centers. This is probably due to 
the fact that the only accessible machine during the period of data collection had 
a small field of view which could not entirely image the maxillofacial region at 
once [32]. Cone beam imaging has been found to provide further diagnostic in-
formation in the investigation of mandibular fractures which are not clear on 
conventional radiographs. It plays a role in confirming or ruling out the pres-
ence of a fracture as well as identifying new fracture sites. Additionally, it shows 
fracture displacement and the nature of the fractured segment (s) [27]. Kaeppler 
et al., (2013) reported a change of treatment plan in 22 (9.5%) maxillofacial in-
jury sites after patients underwent further investigation with CBCT. The com-
monest site where additional information was noted was the paramedian (para-
symphyseal) area which is prone to superimposition of the cervical vertebrae in 
plain-film radiography. However, imaging by CBCT led to cancellation of 
planned surgical treatment in 6 (2.6%) sites which had shown fracture lines but 
there were no fractures demonstrated [27].  

 Cone Beam CT has also been applied in the diagnosis of orbital, midface and 
condylar head fractures. In particular, CBCT imaging of orbital fractures helps 
protect the eye lens from the effects of high radiation that is associated with 
conventional CT. Since the effects of metal artefacts are less pronounced in 
CBCT, this type of imaging can also be used to investigate gunshot wounds and 
other metallic foreign bodies [31] [33] [34]. Nevertheless, patients with conco-
mitant brain injury are best investigated with CT scan which normally includes 
imaging of the maxillofacial skeleton [1] [3].  

None of the study participants had intraoperative imaging. In previous studies 
this modality has been used to investigate zygomaticomaxillary fractures either 
by CT, CBCT, fluoroscopy or ultrasound following a reconstruction surgery. 
Intraoperative imaging plays a role in verifying whether a displaced fracture has 
been accurately repositioned before final surgical wound closure. However, the 
clinicians have to apply the right selection criteria since a patient may require 
pre-, intra- and postoperative imaging which results into increased exposure to 
ionizing radiation, treatment cost and operative time [4] [35]. In addition, Xing 
et al. (2015) demonstrated that CT navigation can be used in conjunction with 
endoscopy in removing firearm or explosive foreign bodies [36]. 

Ultrasound scanning was only utilized in a single patient who had sustained 
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injury to the buccal tissues while working in a garden. Nevertheless, some au-
thors have suggested ultrasound as a complementary diagnostic procedure to 
augment CT in the assessment of patients with midfacial fractures. On the other 
hand, its use is limited to dislocated fractures of the orbital margin and the nasal 
bones. It has also been applied in investigating the zygomatic arch, anterior wall 
of the frontal sinus and subcondylar fractures [15] [16] [17] [32]. The study was 
limited to public hospitals hence the results cannot be generalized to private 
hospitals where there is better accessibility to imaging modalities and patients 
are likely to have higher social economic status as compared to patients in public 
hospitals.  

The results of the study highlight the current utilization of various imaging 
techniques for management of facial fractures. Dental panoramic radiography 
remains the imaging of choice for mandibular fractures. Clinicians in Kenya are 
also moving from conventional skull radiography and have embraced computed 
tomography in the diagnosis of midfacial fractures. Since healthcare in Kenya 
has been devolved to the county level, the county government should make dig-
ital dental panoramic and computed tomographic imaging more accessible to 
trauma patients. In addition, a review of treatment outcome of mandibular frac-
tures after diagnostic imaging through conventional radiography should be done 
in order to ratify continued use of this modality.  

5. Conclusion 

Males were four times more involved in maxillofacial trauma as compared to 
females. The age group 21 - 30 years comprised the commonest victims of trau-
ma. The leading cause of trauma was through interpersonal violence followed 
closely by road traffic crashes. Conventional plain film radiography was widely 
utilized while advanced imaging modalities were minimally prescribed. Mandi-
bular fractures were the majority and were investigated using panoramic radio-
graphy while midface fractures were diagnosed through CT scan. Most images 
were kept by the patients.  
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