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VRT in Traumatic Maxillo-Facial Injuries; Isit of an Added Value
Compared to Axial and Reconstructed CT Images?
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Abstract

Background: Maxillo-facial fractures are very frequently
seen as aresult of increased incidence of road traffic accidents
and aggressive fights. Due to new advancesin multi-slice
computed tomography and 3D VRT reconstructed images,
accurateness of detection of occult fractures and outcome of
maxilla-facial traumas has noticeably improved.

Aim of Sudy: This study was conducted aiming at the
description of different forms of maxillo-facial injuries,
imaging criteria of different fractures of the maxillaand facial
bones as well as the benefit of utilizing 3D VRT computed
tomography with image reconstruction compared to axial CT
images.

Patients and Methods: Prospective study of 100 patients,
coming to the Emergency Department with trauma and clinical
evidence suggestive of maxillo-facial injuries. Multi-diice CT
was done to all patients with coronal and sagittal as well as
VRT reconstruction. All studies were assessed for presence
of maxillo-facial fractures with detection of the types and
extent of these fractures as well as associated soft tissue
injuries. The findings missed or confirmed by the VRT image
compared to those found by the axial images were assessed.

Results: We detected that maxillo-facial fractures were
more common in males (90%) than in females (10%). Road
traffic accidents came first regarding the cause of these injuries
followed by physical attack and fall from aheight. The age
group most affected was ranging from 18-35 yearsin 37% of
the cases.

Commonest fractures were seen at the maxillary sinuses
(in 43% of the cases) followed by the nasal bones, zygomatic
arches, mandible and orbital bony boundaries. Associated soft
tissue injuries were very common. The extension of the
complex fractures, occult fractures and bony displacements
were more precisely assessed. VRT was superior to axial
image in detection of fractures with others missed compared
to the findings by the axial CT images.

Conclusion: Multi-slice computed tomography offers
excellent resolution needed for proper assessment of facial
bones' difficult anatomy hence helping in the accurate assess-
ment of facial bones' fractures needed for proper planning for
surgery with VRT images adding more data compared to the
axial and reconstructed images.
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Introduction

MAXILLO-FACIAL injuries are extremely wide-
spread in patients with isolated trauma or poly-
trauma patients [1] . Facial fractures are the cause
of a huge number of Emergency Department visits
with increased risk of morbidity and mortality due
to multiple injuries to facial bony and soft tissue
structures as well as associated complications and
injuries affecting other parts of the body [2].

The new advances in the technology of imaging
aswell astherapy led to better patients outcomes.
The assessment of maxillary and facial regionsis
difficult owing to the complex anatomical structures
and is more difficult in traumatic patients [3].

MDCT evolved as the imaging modality of
choice in evaluating the patients of maxillofacial
trauma [4] . Fractures extents, fragments' displace-
ments and soft tissue injuries are adequately and
precisely diagnosed by MDCT helping in detecting
the exact injuries in much lesstime [5].

Multi-Planar Reformations (MPR) in addition
to 3D VRT images allowed accurate diagnosis and
precise planning for surgery asthey give amore
overall image of the configuration of the injured
structures thus providing outstanding information

List of Abbreviations:

MSCT : Multi-Slice Computed Tomography.
MDCT : Multi-Detector Computed Tomography.
3D : Three Dimensions.

RTA  : Road Traffic Accident.

MPR : Maximum Intensity Projection.

VRT : Volume Rendering Technique.

SAH : Sub-Arachnoid Hemorrhage.

SDH : Sub-Dura Hemorrhage.

EDH : Epi-Dural Hemorrhage.
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about comminuted fractures aswell as bone dis-
placements [6] thus helping in surgical management
[7.8].

The aim of our work is to discuss the role of
MDCT and 3D VRT studies in assessment of max-
illo-facial injuries with the added value of 3D VRT
images from axial CT imagesin cases with maxillo-
facial injuries.

Patients and Methods

Patients:

The study was approved by the Ethical Com-
mittee of Kasr Al-Aini Hospitals (Cairo University),
and an informed consent was obtained assuring
respect of the confidentiality of the medical records.
The study design is prospective study. This study
included assessment of 100 cases, their age ranged
from 18-65 years over a period of three years (from
September 2016 till April 2019) who were prospec-
tively recruited for this study. All patients were
post-traumatic refered from the Emergency Depart-
ment of Kasr Al-Aini Hospitals (Cairo University)
with clinical evidence of maxillo-facial fractures.

Methods:
Technique of MDCT:

CT studies were performed by Toshiba Aquilion
64-Slice CT scanner (made in Japan).

MDCT with volumetric acquisition was done
in axial planes from upper border of frontal sinus
to chin using standard CT protocol. From axial
images thin sections (1.25mm) were made through
inbuilt software followed by Multi-Planar Recon-
structions (MPR) in coronal and sagittal planes
along with 3D VRT reconstruction.

Data analysis:

Frontal bones fractures were classified accord-
ing to Manolidisinto types |-V asfollows [§]:
* Typel: Anterior wall fracture with minimal com-
muni cation.

* Typell: Comminuted anterior wall fracture with
extensions to nearby bones.

* Typelll: Non-displaced anterior and posterior
wall fractures.

* TypelV: Anterior and posterior wall fractures
with dural injury.

* TypeV: Liketype IV with anterior cranial fossa
disruption.

The assessment of the rest of the fractured
bones was based on the walls affected, degree of

VRT in Traumatic Maxillo-Facial Injuries

comminution and associated soft tissue injuries
while complex fractures were classified according
to Lefort system into types I-I11 [g].

Data obtained from axial and reformatted im-
ages were compared to 3D VRT images findings
and given a score out of 3 asfollows:

1- 3D gave less data than axial and reformatted
images.

2- 3D gave similar datato axial and reformatted
images.

3- 3D gave more information than axial and refor-
matted images.

Descriptive analysis was done to generate fre-
guency tables for various types of maxillo-facial
injuries.

Results

The most common cause of injury was RTA in
85 patients (85% of cases) with the second most
common cause was fall from height in 10 cases
(10%) then physical assault in 5 cases (5%). Males
were found to be of higher affection regarding
maxillo-facial fractures (90 cases) accounting for
90% of cases compared to only 10% in females
(10 case).

The most common fracturesin this study were
seen in the maxillary sinus walls found in 43 cases
(43% of cases) followed by nasal bones and zygo-
matic bones fracturesin 14 cases each (both ac-
counting for 28% of the cases). Next were the
fractures of the mandibular bones and orbital bony
boundaries found in 26 cases (26%). According to
frequency of fractures, frontal bone was the most
commonly (15 cases accounting for 15%), followed
by temporal, parietal, occipital and sphenoid bones
while pterygoid fractures were found in 6 cases
(6% of cases) Fig. (1) and (Table 1).

Table (1): Classification of cases according to type of fractures.

Type of fracture Number of cases

Maxilla 43
Zygomatic bone 14
Nasal bone 14
Mandible 1
Orbital bones 15
Frontal bone 15
Temporal bone 1
Sphenoid bone 2
Parietal bone 5
Occipital bone 4
Pterygoid plate 6
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As stated before, the most common fractures
were maxilla and maxillary sinus fractures found
in 43 cases representing 43% of cases with com-
bined fractures of the anterior and medial walls
were the commonest injuries found in 22 cases
(51% of cases with maxillary fractures) Fig. (2).
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Fig. (2): A bar chart showing classification of maxillo-
facial fractures according to number of casesin this study.
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Fig. (1): A post-traumatic 35 years
old male patient. (A) Axial CT images
showing right orbital lateral wall and
nasal bone fractures. (B) Axial CT
images showing right maxillary lateral
wall, roof and floor fractures (showing
hemosinus and intra-sinus bone frag-
ments) with right zygomatic fracture,
nasal bone fracture and subcutanous
oedema. (C) Coronal CT images show-
ing right maxillary lateral wall, roof
and floor fractures (showing hemosinus
and intra-sinus bone fragments) with
right orbital lateral wall fracture and
subcutanous oedema. (D) 3D recon-
structed images CT images showing
right maxillary lateral wall, roof and
floor fractures with right orbital lateral
wall fracture and nasal bone fractures.

Frontal bone fractures were found in 15 cases
representing 15% of total number of patients with
type | found in 2 cases, type Il in 6 cases, type |11
in 4 cases, type |1V in 2 cases and type V in only
one case. 3D VRT images gave same information
of that of the axial and reformatted images yet
with inadequate assessment of the fracture exten-
sion to the posterior frontal sinuswall or the orbital
roof (Table 2).

Table (2): Classification of cases according to type of frontal
fractures.

Type of frontal bone fracture ~ Number of cases

I

Il
11
v
\Y

NN

Zygomatic bone fractures were found in 14
cases (14% of cases) with the 3D VRT images
giving same findings of that of the axial and refor-
matted CT images, yet superior to them in assess-
ment of patterns of bone displacements.
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In 15 cases (15% of cases), orbital bone frac-
tures were present with RTA being the commonest
cause of injury. Lateral wall followed by medial
wall fractures were the most commonly encountered
fractures. Inferior and medial wall combined frac-
tures impressive of complex blow out fracture was
found in only one case Fig. (1). No significant
difference was found between 3D VRT findings
aswell as axial and reformatted images.

Fracture of the nasal bone was found in 14
cases (14% of cases) mainly resulting from RTA
Fig. (1) with the 3D VRT images found to be more
informative compared to axial and reformatted
images.

Mandibular fractures were seen in 11 cases
(11% of cases), mostly affecting its body in 8 cases
(73% of mandibular fractures).

Only 2% of cases had fracture of the sphenoid
wing, however 11% of cases showed fracture of
the temporal bone, mainly its squamous part.
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Lefort fractures were seen in 10 cases (10%
of cases), the commonest wastype |1 (8 cases).

Soft tissue swellings were the associated find-
ings with highest incidence, followed by heamosi-
nus. Other severe injuries were found, mainly
pneumocephal us, contusion, sub-arachnoid hem-
orrhage, sub-dural hemorrhage, epi-dural hemor-
rhage, and sub-galeal hematoma Figs. (1,4). Axia
and reformatted images in soft tissue window were
found to be superior to 3D VRT imagesin their
assessment (Table 3).

Table (3): Classification of cases according to associated soft
tissue injuries.

Associated injuries Number of cases

Heamo-sinus 46
EDH 22
SDH 1
SAH 23
Contusions 12
Pneumocephalus 15
Sub-galeal hematoma 36

Fig. (3): A post trau-
matic 46 years old fe-
male patient. (A) Axia
CT images showing right
temporal and parietal
bones fractures. (B) 3D
reconstructed images CT
images showing right
temporal and parietal
bones fractures as well
asright zygomatic frac-
tures.

Fig. (4): A post-traumatic 48
years old male patient. (A) Axial
CT images showing right maxillary
anterior and lateral walls fractures
with right hemi-facial subcutaneous
oedema. (B) Axial CT images
showing left frontal sub-galeal he-
matoma.
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Discussion

The face of each individual isaunique ID.
Nowadays, the loss of this unique facial configu-
ration as aresult of facial injuriesis becoming
common with increased rate of RTAs. One of the
important factors determining the success of treat-
ment of facial fracturesis early and correct diag-
nosis [9. Maxillofacial fractures are caused by
either blunt or penetrating injury or their combina-
tion [10].

In our study most of the cases (85 cases) of
maxillo-facial injuries (85% of cases) were caused
by RTA with 5 cases caused by physical assault
representing (5% of cases) and 10 cases caused by
fall from height (10% of cases). Thisis consistent
with studies that stated that in devel oping countries,
the usual cause of facial injuriesisRTA's [11-13]
while assault was the commonest cause of these
injuries in developed countries [14] . The causes of
maxillofacial fractures vary according to social,
cultural, and environmental factors [15].

Theinjuries dueto RTA's were found to be
more common in males (90 cases accounting for
90% of cases) compared to females (10 cases
accounting for 10% of cases).

In our study maxillary fractures were the com-
monest type of fractures noted in 43 cases account-
ing for 43% of the cases, while mandibular fractures
were the commonest type of fractures seen in the
studies of Motamedi et al., [14] and Kamulegeya
et al., [16] . On the other hand we found that com-
monest middle third facial region fractures were
fractures of the maxillaand maxillary sinus, while
it was rare to detect isolated posterior maxillary
wall fracturesin agreement with Dreizin et al.,
(171,

Combined anterior and medial wall fractures
of the maxillary sinuses were the most common
injury in our study (22 cases) accounting for about
51 % of maxillary sinus fractures.

In agreement with Rowe et a., [18], comparison
of 3D imageto the axial scansin this study revealed
that some fractures might be missed by 3D images
with maxillary sinus medial wall fracture being
the most common one (16%).

In agreement to our study, Simonds et al. [19]
and Oguraet al., [20] stated that TMJ affection
might occur with mandibular fractures on the same
side.

In this study, orbital bone fracture was detected
in 15 cases (15% of cases), mainly due to RTA
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where lateral wall fracture was the commonest
fracture found in 9 cases then there was medial

wall in 3 cases followed by roof in 2 cases. Only
one case showed both inferior and medial walls
fracture impressive of complex blow out fracture.

Associated air-fluid level or maxillary sinus frac-

turesis common. Thisisin agreement with
Obuekewe et dl., [21] who stated that RTAswas
the main cause for most zygomatic complex frac-
tures and the role of VRT is highly significant
concerning the assessment of these fractures com-

pared to axial and reformatted images.

The most common isolated bone fracturesis
nasal bone fracture, in this study, nasal bone fracture
was detected in 14 cases with associated bony
nasal septum fracture found in 4 of them, thisis
in agreement to et al., [22] who also noted the
efficiency of VRT imagesin nasal bone fractures.

Frontal bone fractures were found in 15 cases
representing 15% of total number of patients with
type Il representing the most common type of
fracture seen (6 cases). In agreement with Diaconu
et a., [23], 3D VRT images gave same information
of that of the axial and reformatted images yet
with inadequate assessment of the fracture exten-
sion to the posterior frontal sinuswall or the orbital
roof.

We also agreed with Kaur et a., [24] who stated
that 3D images were superior to axial imagesin
the description of extent in most patients with
zygomatic bone fractures.

Prasad et al., [25] agreed with our study in the
fact that 3D reconstruction highly contributed in
assessment of patients prior to surgery thus guiding
surgical planning in cases with maxillo-facial
fractures. The combination of MSCT and 3D vol-
ume rendering technique allowed marked improve-
ments in imaging interpretation.

In agreement with Dreizin et al., [17], soft tissue
swellings were the associated findings with highest
incidence, followed by heamosinus. Axial and
reformatted images in soft tissue window were
found to be superior to 3D VRT imagesin their
assessment.

Conclusion:

Maxillo-facial fractures usually occur in com-
plex patterns associated with multiple soft-tissue
injuries and complications. Accurate visualization
and assessment of facial fracturesis very important
for proper management. MDCT and 3D images
have agresat role in the diagnosis and proper as-
sessment of facial trauma with combination of the
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axial thin cut images and 3D reconstructed images
to minimize any occult fractures missing.
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