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ABSTRACT

Objective: To determine the aetiology, biomechanics and demographics of patients

with fractures of the midface.

Materials and Methods: Patients with midface fractures (who consented to participate

in the study) who presented to the Division of Maxillofacial and Oral Surgery over a 12
month period from December 2005 to December 2006 were included in the study. Data
was recorded on age, race, gender, date and cause of injury, associated injuries and use
of alcohol at the time of injury. The fractures were grouped into Le Fort, zygomatico-

maxillary, dentoalveolar and panfacial fractures.

Results: The sample comprised 94 patients; 78 (82.98%) males and 16 (17.02%) females
with an age range of 3 to 67 years. Blacks accounted for 77.66% of the total sample,
followed by Whites (12.77%), Coloureds (6.38%) and Asians (3.19%). Blunt trauma due
to interpersonal violence, motor vehicle accidents, gun shot wounds and falls
contributed to 40.5%, 26.6%, 13.8% and 5.3% of the fractures respectively. Le Fort
fractures were less commonly observed than zygomaticomaxillary complex midface

fractures.

Conclusion: A relationship exists between facial trauma, poverty and alcohol
consumption. Blunt trauma due to interpersonal violence is the most common cause of
midface injuries. Majority of injuries are sustained during weekends.

Zygomaticomaxillary complex fractures are the most common midface fractures.
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Chapter 1 Introduction

1.1 Applied Anatomy of the midfacial bones

The midface is composed of the nasal, zygoma, makxilla, ethmoid and its conchae,
palatine, inferior concha and vomer which are collectively referred to as the middle
third of the facial skeleton. These facial bones in isolation are comparatively fragile but

gain strength and support as they articulate with each other. 2

It is this strength gained from each other that has often been described as the facial
buttresses which Manson * alluded to when describing the vertical and horizontal struts
that support the facial skeleton (Figure 1.1). The horizontal pillars are formed by the
frontal bar (composed of the supraorbital rims and nasal process of the frontal bone),
the zygomatic arch, infraorbital rims, and the nasal bridge and finally the alveolar

process of the maxilla.

The vertical pillars are formed firstly medially by the piriform rims which continue
superiorly as the frontal process of the maxilla. Secondly the zygomatic buttresses which
continue superiorly with the lateral orbital rims form the lateral pillars and finally the

most caudal pillars are the pterygoid plates.
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Figure 1.1 A & B indicating facial buttress of the midface and architectural model

respectively. *

1.1.1 Zygoma

The name zygoma is derived from the word meaning a yoke (i.e. a structure that
connects various parts together), where it articulates with the temporal, maxillary,
frontal and sphenoid bones. It is often described as a diamond or pyramidal shaped
bone of which the lateral surface is convex forming the prominence of the cheek. The

posterior surface contributes to the temporal fossa.

Projecting superiorly is the frontal process which articulates with the zygomatic process

of the frontal bone in front and greater wing of sphenoid behind to form the lateral wall
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and rim of the orbit. Posterolaterally the temporal process articulates with the
zygomatic process of the temporal bone to form the zygomatic arch. Inferiorly and
medially it broadly articulates with the maxilla to form the inferior orbital rim and
contributes to the orbital floor as well as the zygomaticomaxillary buttress which forms

one of the struts mentioned above.’

1.1.2 Maxilla

The makxilla consists of a central body and four processes namely the frontal, zygomatic,
alveolar and palatine process. The body is hollowed out and contains the maxillary
sinus. It is pyramidal shaped with the base being the medial surface facing the nasal
cavity and the apex being elongated into the zygomatic process. It has an orbital or
superior surface which forms the floor and rim of the orbit, a malar or anterolateral
surface which forms part of the cheek and a posterolateral or infratemporal surface
which contributes to the infratemporal fossa. The base is rimmed inferiorly by the

alveolar process.

The alveolar process houses the dental arch with the sockets varying in size according to
the teeth. The palatine process is a horizontal process from the body to the alveolar
process and medially articulates with the palatine process of the opposite maxilla whilst
posteriorly it articulates with the horizontal plate of the palatine bone. The zygomatic
process is an extension of the anterolateral surface of the body which contributes to the

zygomaticomaxillary suture.”
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The frontal process projects upward to articulate with the maxillary process of the
frontal bone as well as the nasal bone anteriorly and the lacrimal bone posteriorly. It is
this segment of bone that includes the lacrimal crest into which the medial canthus
attaches that Markowitz called the central fragment in defining naso-orbit-ethmoid

(NOE) fractures.®

1.1.3 Nasal bones

The paired quadrilateral bones form the upper part of the bridge of the nose and
articulate with the frontal process of the maxilla laterally and with each other in the

midline. Superiorly they articulate with the frontal bone.

1.1.4 Lacrimal bones

Each lacrimal bone is irregularly rectangular forming part of the medial wall of the orbit.
They articulate posteriorly with the paper thin (lamina papyracea) part of the ethmoid,
superiorly with the frontal bone and inferiorly with the body of the maxilla. The sharp
orbital vertical lacrimal crest continues inferiorly to form the lacrimal hamulus, with its
concave portion housing the lacrimal sac. The larger anterior limb of the medial canthus

attaches to the anterior lacrimal crest and adjacent frontal process of maxilla.’
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1.2 History of midfacial fractures and their management

The earliest known writings of maxillofacial fractures were recorded in the Edwin Smith
Papyrus in 1650 BC which were purchased by Smith in 1862 and translated by
Breasted.7'8Traditiona|ly, healing and religion were closely intertwined as illustrated in
the Hellenic period at the temples of Asklepios, where assistants to the priests provided
medical care. To one of these assistants a son was born in 460 BC named Hippocrates.
Hippocrates who is often portrayed as the “father of medicine” described a myriad of
facial injuries in around 400 BC and his insight provided the basis for bandages and

single jaw interdental wiring as methods of fixation and stabilisation of facial fractures.’

Over the subsequent centuries following Hippocrates there appeared many techniques
which in essence were variations of his methods. In the nineteenth century Charles
Fredrick Reiche ® provided the first detailed treatise of maxillary fractures. Carl van
Graefe ® reported on the use of an elastic tube placed into the nose to maintain patency
of the airway and also described the use of a head frame to treat a maxillary fracture. It
was also in the same century that Garretson and Blair ® advocated mandibular maxillary

fixation with the aid of splints to primarily treat maxillary fractures.
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In 1901 a French surgeon, René Le Fort, *° published his classical paper on midfacial
fracture patterns. He inflicted blunt facial trauma on 35 cadavers then subsequently
removed the soft tissue and examined fracture patterns of the facial skeleton. This study

has ever since been the basis for the description of makxillary fractures.

Fractures of the zygoma were not adequately mentioned since the time of Hippocrates,
however in 1906 Lothrop ** was the first to describe the use of an antrostomy approach
to reduce a medially and inferiorly displaced zygoma. In 1909 Keen ** described an
intraoral approach to the zygomatic arch. In 1927 Gillies ** described a technique to

reduce a zygomatic arch as well as manipulate a fractured zygoma.

In 1942 Adam * utilised direct wiring to obtain better stability of zygomatic fractures.
For years his protocol appeared to be the mainstay of treatment at many institutions. In
the 1970s osteosynthesis became a reality for facial fractures with the Swiss
Arbeitsgemeinschaft fiir Osteosynthesefragen (Association for the Study of Internal
Fixation or AO) developing miniplate fixation. Today the use of miniplates provides the
principal modality of treatment for reduction and fixation of displaced midfacial

fractures.
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1.3 Classification

There is no universal consensus on the classification of midface fractures. Several

classifications have been proposed for midface fractures due to a myriad of fracture

patterns obtained which reflect the complex nature of construction of these bones. The

objectives of these classifications were to help formulate clinical guidelines for patient

management.

1.3.1 Zygomatic fractures

The earliest classification of zygomatic fractures was proposed by Schjelderup ** who

classified zygoma fractures dependant on which region it was still attached to e.g. Type

Il fracture occurred when the zygoma was hinged at the frontal bone.

In 1961 Knight and North * classified zygoma fracture patterns into the following 6

types according to the level of displacement noted radiographically:

o Typel

e Typell

e Typelll

o TypelV

o TypeV

e Type VI

: undisplaced fracture

: isolated arch fractures

: posteriorly displaced

: medially rotated

: laterally rotated at the buttress

: multiple or comminuted fracture including the body

18



In 1968 Rowe and Killey 2 utilised the principle of vertical and horizontal axial rotations
and en bloc displacement to classify zygomatic fractures. They utilised the

frontozygomatic to first molar plane as the vertical axis and the infraorbital foramen to
zygomatic arch plane as the horizontal axis. The authors classified the fracture patterns

into 8 groups and suggested which ones required fixation.

Larsen and Thomsen = attempted to classify zygomatic fractures according to their
treatment guidelines. They suggested group A which included no or minimally displaced
fractures, group B which encompassed fractures that required reduction and fixation
(this group included comminuted and displaced fractures) and group C which included

all other fractures that required reduction but no fixation.

With the advent of computer tomography and rigid fixation some authors classified
zygomatic fractures based on the amount of kinetic energy or severity of the blow to the
bone. Amongst these were Manson and Markowitz % who in 1990 classified fractures as
low, middle and high energy fractures and who advocated which group had a role to
play in open reduction and fixation. Low energy injuries are characterised by no or
minimal displacement including incomplete separation which are easily reduced and
tend to stay in position with no or minimal stabilisation. These fractures account for 18%
of injuries. Middle energy injuries account for the bulk of injuries sustained (77%) with
displacement ranging from mild to marked with complete separation at all four sutures.
They require variable amount of rigid fixation depending on the degree of displacement.

High energy injuries are associated with comminution, significant displacement and
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telescoping. Due to the inherent instability of these fractures wide exposure for
adequate reduction and rigid fixation is required. On occasion grafting may be required

to address the buttresses due to extensive bony defects.

1.3.2 Maxillary fractures

The most widely quoted classification of maxillary fractures is the Le Fort system of

classification. ® *® He classified fracture patterns into Le Fort I, Il and Il (Figure 1.2).

The Le Fort | or low level supra-apical fracture extends horizontally from the piriform
rim laterally along the alveolar process above the apices of the teeth continuing below
the zygomatic buttress to involve the lower third of the pterygoid plates. This results in

disarticulation of the occlusal unit from the midface.

The Le Fort Il or pyramidal fracture extends from the nasal bones to involve the medial
and infraorbital rim, the anterior wall of the maxilla, the zygomatic buttress and
pterygoid plates. This fracture results in central mobility of the midface from the cranial

base with the consequence of lengthening of the face.

The Le Fort Ill or suprazygomatic fracture extends from the frontonasal region in the
midline, involving the medial, floor and lateral walls of the orbit, the frontozygomatic
suture, maxilla and continues to the upper third of the pterygoid plates. This results in

disarticulation of the facial bones from the cranial base.
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Today, however fracture patterns are recognised as far more complex than those
produced in Le Fort’s laboratory. Injuries caused by penetrating trauma as well as high
velocity blunt trauma introduce a spectrum of fractures not described by Le Fort’s
classification. Le Fort did however state that comminution can occur in conjunction with
the above listed fractures. He alluded to the concept of the superior fracture as the level
of classification and that comminution occurs below it according to the lines of
weakness inherent in the midface.'” Today the introduction of the midpalatal split as
well as expansion of the original Le Fort classification as proposed by Marciani 2 is often

the classification quoted.

Figure 1.2 Le Fort |, Il & Il fracture lines frontal & three quarter view. *
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1.3.3 Nasoorbitoethmoid (NOE) fractures

These fractures are amongst the most complex fractures both diagnostically and
therapeutically due to the intricate anatomy and difficulty in fracture fixation. Gruss *°
stated that due to the complex nature of NOE fractures numerous classifications were
proposed. They classified NOE fractures into isolated or associated with other midfacial

fractures. Further subdivisions were made into unilateral or bilateral fractures.

The above classifications however failed to identify the medial canthal attachment and
its relationship to the fracture patterns. A classification and treatment protocol
proposed by Markowitz et al ® has been adopted as the most relevant classification of

NOE fractures (Figures 1.3, 1.4 and 1.5).

They defined the area of attachment of the medial canthus to the bone as the “central
fragment” which is critical for the diagnosis and treatment of NOE fractures. Type |
fractures produces a single segment fracture of the central fragment. Type Il injury has a
comminuted central fragment with the fractures remaining external to the medial
canthal insertion and finally type lll has a comminuted central fragment with
involvement of the canthal insertion. They also defined the fractures as unilateral or

bilateral as well as isolated or extended into the adjacent structures.
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Figure 1.3 NOE type | fracture unilateral and bilateral.®

Figure 1.4 NOE type Il fracture unilateral and bilateral.®
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Figure 1.5 NOE type Ill fracture unilateral and bilateral.®
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1.4 Signs and symptoms

All patients who sustain midfacial fractures are initially attended to in the Accident and
Emergency units at the relevant hospitals and are managed according to the advanced
trauma and life support (ATLS) protocol as advocated by the American College of
Surgeons. Once the patient is stabilised the secondary survey includes a detailed
maxillofacial examination. This examination would include inspection and palpation of
the fractures. Numerous functional and aesthetic disorders accompany midfacial
fractures and the following are some of the presenting signs and symptoms that may

occur in the different fracture types.

1.4.1 NOE

Upon inspection any lacerations, abrasions, ecchymosis, facial oedema and periorbital
ecchymosis may indicate a NOE fracture. Ocular changes such as telecanthus, mongoloid
slant of the medial canthus, epicanthal fold, shortening of the palpebral fissure,
decrease ocular mobility, and enopthalmus are strongly suggestive of a NOE fracture. A
depressed nasal bridge, epistaxis, binocular diplopia and epiphora are further signs of a
NOE fracture. ® Clinical evaluation involving a bowstring, Furness test and bimanual
palpation of the central fragment as well as any steps in that region can also alert the
clinician to this fracture.
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1.4.2 Maxilla

Extra-oral evaluation may reveal a “dish face” appearance, elongated face, depressed
nasal bridge, neurological fallout in the distribution of the infraorbital nerves as well as
step deformity at the buttress and infraorbital rim. Mobility of the maxilla at the Le Fort
I, Il or lll level could also be noted. Intra-orally malocclusion (in particular an anterior
open bite), mobility of dentoalveolar (DA) segments or the entire maxilla can be elicited
as well as steps in the buttress may be palpated. Other intra-oral signs are steps in
occlusion, malocclusion, diastema formation as well as ecchymosis along the buttress

and the palate.

1.4.3 Zygoma

Periorbital oedema and ecchymosis is a common sign of orbitozygomatic complex
fractures. Other signs include subconjunctival haemorrhage with or without lateral limit
in all planes, depression of the malar eminence (loss of projection) and neurological
fallout in distribution of infraorbital nerves. Dystopia, decreased ocular movement,
binocular diplopia, enophthalmus, anti-mongoloid slant of lateral canthus as well as
palpable steps around the orbital rim and buttress are further indication of zygomatic
fractures. Limited mouth opening may be present when the arch is fractured impeding

on the coronoid process or as a result of muscle injury.**
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1.5 Literature Review

Facial trauma is often associated with severe morbidity with respect to loss of function
and disfigurement as well as the impact of increased financial costs to both the state
and the affected individual. Of the 1500 facial fractures analysed by Rowe and Killey >
629 (41.9 %) involved fractures of the middle third. Kelly and Harrigan * analysed 4317

facial fractures of which 594 (13.76%) involved the middle third of the facial skeleton.

An analysis of the association between the epidemiology and associated injuries is thus
important in order to improve treatment and prevention. Beaumont et al *° undertook a
study of 389 patients with facial fractures in three population groups. They found that
the male to female ratio was about 4: 1. In all ethnic groups the peak prevalence of
fractures was in the third and fourth decades. The mean age for blacks, asians and
whites were noted as being 32, 30 and 27 years respectively. Blacks were mainly victims
of interpersonal violence, whilst in the white group midfacial fractures were
predominantly caused by motor vehicle accidents. In all the groups the mandible was
most commonly fractured followed by the midface and then combined fractures of

mandible and midface.
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The above results were similar to the findings by Snijman ** and Duvenage >, published
in 1963 and 1979 respectively, whose studies were conducted in the Tshwane district of
the Gauteng province. They also found that a third decade peak was noted with a similar
male predominance. Snijman also noted that assault was the most common cause of
facial fractures amongst blacks. He similarly noted that motor vehicles accidents
accounted for a higher percentage of facial fractures amongst the white group.
Mandibular fractures were also the most commonly recorded facial fracture by both

authors in agreement with Beaumont.

These results are in contrast to those published in other regions. Bataineh ?* undertook
a retrospective study of the incidence of maxillofacial fractures in Jordan and noted that
of the 563 patients that presented for treatment over a 5 year period, the mandible was
most frequently fractured (74.4%) followed by the maxilla, zygomatic arch and finally
the dentoalveolar process. The most common cause was road traffic accidents (55.2%)
followed by accidental falls (19.7%) and assault (16.9%). A male to female ratio of 3:1
was noted and the mean decade for injury was the third decade. A similar

epidemiological pattern was noted in the United Arab Emirates. 24
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Balakrishnan *° reviewed 313 cases in Trivandrum, India in the early 1980’s and found a
marked male preponderance (93.3%). The reason given was that “women were hardly
ever involved in road traffic accidents”. They do not however substantiate or clarify
their remark whether there were fewer women occupants and drivers in motor vehicle
accidents or whether women were better drivers. Once again the injuries were
sustained most commonly by individuals in the third decade. Here traffic accidents
followed by assault were noted to be the most common causes of maxillofacial
fractures. Interestingly two decades later in another district in India the male to female

ratio decreased to 3.7:1.%°

In the Netherlands van Beek *’ found a striking reduction in road traffic accidents and
an increasing influence of violence and sport resulting in a changing pattern of
maxillofacial fractures. These results were in stark contrast to injuries in Austria as
reported by Gassner 28 who found that “activity of daily life and play accidents” was the
main cause followed by sport, interpersonal violence and traffic accidents. Gassner also

noted an increase in female patients with an overall male to female ratio of 2.1:1.

Greene *° noted that the distribution of the midface fractures involving the
zygomaticomaxillary complex was the highest followed by orbital blowout, nasal,
zygomatic arch, Le Fort and finally NOE fractures. The distribution in Greece was
somewhat different with zygoma fractures predominating followed by Le Fort I, NOE, Le

Fort Ill, nasal, Le Fort I, palatal split and finally dentoalveolar fractures.*
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Al-Khateeb 3! analysed craniofacial fractures in United Arab Emirates. He also found
that among midfacial injuries the incidence were highest for zygomatic complex
fractures followed by NOE, isolated orbital floor and Le Fort fractures respectively.
Beaumont 2° also noted that the zygomaticomaxillary complex had the highest

distribution.

Ferreira et al >> undertook a study to determine the distribution of midfacial fractures in
children and adolescence. They found that the distributions in prevalence according to

sites were: zygoma, alveolar, Le fort, orbital floor and finally hard palate.

Kontio * interestingly found in his epidemiological study in Finland that the spectrum of
maxillofacial injuries changed somewhat. The decade most affected with fractures in
1981 was the fourth whilst in 1997 it was the fifth decade. He also noted a decrease in
motor vehicle incidents with an increase in interpersonal violence which had “become

more severe in nature”.
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1.6 Aims and Objectives

Although there are numerous studies of maxillofacial injuries in the literature, only a
few have contained meaningful information relating to local demographic factors. In
order to improve service delivery in the treatment of midfacial fractures it is paramount

to analyse current data on its biomechanics and incidence. This study intends to:

1. Provide current local data on the aetiology, biomechanics and demographics of
patients presenting for treatment of fractures of the midface.

2. To assess the association, if any, between fracture patterns and mechanism of
injury, thus providing insight into local behavioural patterns.

3. To supply data of the financial resources provided by the department of health

required to meet patient needs.
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Chapter 2 Materials and methods

2.1 Ethical clearance

An application for ethics clearance was sought with the Committee for Research on
Human Subjects (Medical) of the University of the Witwatersrand. The Clearance
certificate, protocol number M050812 was granted (Appendix A). Verbal and written
explanations of the study were given to patients who fulfilled the inclusion criteria of

the study and a written consent was obtained from every subject. (Appendix B)

2.2 Inclusion Criteria

Patients who presented to the Maxillofacial and Oral Surgery Department of the
University of Witwatersrand with midfacial fractures and who gave consent were
admitted to the study. Midfacial fractures were defined as fractures in an area bound by
the frontozygomatic and frontonasal sutures superiorly, the occlusal plane inferiorly,
posteriorly to the pterygoid plates and laterally till the root of the zygomatic arch as

described by Frost .

2.3 Exclusion Criteria

Any patient who did not present with midfacial fractures, declined to give consent or

withdrew from the study.
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2.4 Clinical Study

This was a prospective audit undertaken in the Division of Maxillofacial and Oral
Surgery, Department of Surgery, University of the Witwatersrand at the Chris Hani

Baragwanath Hospital and the Johannesburg Academic Hospital units.

A total of 94 patients’ records were collected by maxillofacial registrars at both units
over a 12 month period from (December 2005 to December 2006). All patients were

consulted on an outpatient basis or admitted to the above hospitals.

The data recorded (Appendix C) reflected a detailed clinical examination which included
a demographic profile, medical history, past surgical history, aetiology of the fracture
and associated injuries. A general evaluation followed by a more specific maxillofacial
examination was undertaken. The maxillofacial examination included soft tissue,
skeletal and a neurological examination. An intra-oral examination followed which
assessed occlusion, dentition, alveolus, oral mucosa, palate, tongue and floor of the

mouth.

Special investigations in particular radiographic examinations were undertaken to
compliment clinical examination and arrive at a final diagnosis. The radiographs
routinely utilized included Occipitomental (OM) views taken at 0°,15°, 30°,
Submentovertex (SMV), Orthopantomograph (OPG), and Computer tomography (CT)

scans. Figures 2.1 to 2.3 illustrate some examples of these radiographs. Interpretations
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of the Occipitomental views were done following the principles of McGrigor and

Campbell. **

Figure 2.1 Occipitomental view indicating multiple facial fractures.
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Figure 2.2 SMV used to assess fractures of the zygomatic arch.

Figure 2.3 Three dimensional CT scan indicating multiple facial fractures.

The treatment offered was noted including any plating system and other alloplastic
materials used for open reduction and internal fixation (ORIF) so that a costing of the

hardware could be obtained.
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2.5 Data Analysis

Data was analysed with SAS for Windows (Version 9.1, SAS Institute Inc. USA)
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Chapter 3 Results

Records were obtained from a total of 94 patients who sustained midfacial fractures.

3.1 Age, gender and race distribution

The patients’ ages ranged from three to 67 years old. The ages were defined per decade
for ease of use and for comparative studies as listed in Table 3.1 below. Gender

distribution revealed a male predominance in a ratio of 4:1 (Table 3.2).

Table 3.1 Frequency distribution by age in decades (N=94)

Decade Age range Number of patients Percentage (%)
(N)
1 0-9 1 1.1
2 10-19 2 2.1
3 20-29 37 394
4 30-39 25 26.6
5 40-49 20 21.3
6 50-59 6 6.3
7 60-69 3 3.2
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Table 3.2 Frequency distribution by gender (N=94)

Gender N %
Male 78 82.98
Female 16 17.02

Black patients accounted for the largest racial group (77.66%) followed by whites,

coloureds and asians respectively (Table 3.3).

Table 3.3 Frequency distribution by race (N=94)

Race N %
Black 73 77.66
Coloured 6 6.38
Asian 3 3.19
White 12 12.77

38




3.2 Nature of injury and social habits

The distribution of the causes of the fractures is shown in Table 3.4. The most common
cause of midfacial fractures was blunt trauma due to interpersonal violence (40.5%),
followed by motor vehicle accidents (26.6%), gunshot wounds (13.8%) and falls (5.3%).
13.8% of patients could not recollect how they were injured as indicated in table 3.4. Of
those persons injured with a weapon only 2 were stab wounds with the remaining 18

injured with bricks or rod/pipe.

Table 3.4 Frequency distribution by nature of injury (N=94)

Mechanism of injury N %

Injury with weapon (other than 20 213
firearm)

Fist/s 18 19.2

Gunshot wound/s 13 13.8

Fall 5 5.3

Motor vehicle accident 25 26.6

Unknown 13 13.8
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If one considers allocating the nature of injury as high velocity (gunshot and motor
vehicle accidents) and low velocity injuries (the remaining causes of midfacial fractures)
then the percentages are 46.91% and 53.09% respectively. This excludes the 13 patients

who could not provide information about the mechanism of injury.

Social habits involving alcohol consumption was also noted in 58.51% of the patients
(Table 3.5). Approximately two thirds of patients had reported some degree of loss of

consciousness as illustrated in Table 3.6.

Table 3.5 Frequency distribution by alcohol consumption (N=94)

Alcohol consumption N %
No 39 41.49
Yes 55 58.51

Table 3.6 Frequency distribution by loss of consciousness (N=94)

Loss of consciousness N %
No 31 32.98
Yes 63 67.02
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The characteristics of the injuries sustained indicated the site of impact as roughly equal

in terms of left and midline (26.6 % right, 30.9% left, 31.9 % midline and 10.6%

unknown). The most commonly associated injury sustained with midfacial fractures was

a fractured mandible (32.9%) followed by chest trauma (5.3%) as indicated in Table 3.7.

Sunday appeared to be the day on which most of the injuries occurred as illustrated in

Table 3.8.
Table 3.7 Frequency distribution by associated injuries (N=94)
Associated injury N %
None 49 52.2
Mandible 31 329
Chest 5 5.3
other 9 9.6
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Table 3.8 Frequency distribution by day of the week (N=94)

Day N %
Monday * 8 8.5
Tuesday 7 7.4
Wednesday 8 8.5
Thursday 13 13.9
Friday 16 17
Saturday 15 16
Sunday 24 25.5
Unknown 3 3.2

* Two patients were injured on a Monday which coincided with a public holiday.

3.3 Special Investigations

From this study (as shown in Table 3.9) the most prevalent radiographic investigations
for midfacial fractures were the OM & SMV views (61.7%). These were followed by CT
scans, OPG and other views. It should also be noted that certain radiographs were also
taken in combination in clinically indicated situations.(e.g. taking of an OPG with OM

views for dentoalveolar fracture with zygomatic bone fracture).
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Table 3.9 Frequency distribution by radiographic investigations (N=94)

Radiology N %
Occipitomental & SMV 58 61.7
CT scans 32 34

OPG 3 3.2

Other 1 1.1

3.4 Type of fractures sustained

The fractures sustained varied considerably from isolated orbital floor blowout fracture
or nasal bone fracture to multiple fractures involving a combination of midfacial bones.
In order to avoid greater than 5% of cells in a contingency being empty a combination of
fracture types were made. The fractures were grouped into Le Fort type fractures (I, Il
or lll), dentoalveolar (DA) fractures, zygomatico-maxillary complex (ZMC) fractures,
panfacial fractures (involving multiple bones) and other (such as NOE and Blowout

fractures). These are listed in Table 3.10 below.
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Table 3.10 Frequency distribution by fracture pattern (N=94)

Type of fracture N %
Dentoalveolar 16 17.02
Le fort (I,11,111) 13 13.83
Panfacial 16 17.02
Zygomatic complex 43 45.74
Other 6 6.38
3.5 Analyses

In order to gain insight into behavioural patterns, analysis of the circumstances of the
injury was done. An analysis of alcohol consumption to the mechanism of injury was
also done to determine if any statistical significance could be elicited. Other criteria
were also assessed as reflected in Table 3.11 to Table 3.16 below. It was also recorded
that the average period from the time of injury to management was 13.9 days with a

range of 1 to 151 days prior to treatment.
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Table 3.11 Analysis of alcohol consumption by mechanism of injury (N=81)

Alcohol consumption Mechanism of injury Total
High Velocity Low Velocity

No (N) 27 11 38

% 33.33 13.58 46.91
Yes (N) 11 32 43

% 13.58 39.51 53.09
Total (N) 38 43 81

% 46.91 53.09 100.00

The Chi square test indicated a P value <0.0001.

Table 3.12 Analysis of alcohol consumption by gender (N=94)

Alcohol consumption Gender Total
Female Male

No (N) 7 32 39

% 7.45 34.04 41.49
Yes (N) 9 46 55

% 9.57 48.94 58.51
Total (N) 16 78 94

% 17.02 82.98 100.00

The Chi square test indicated a P value of 0.8403.
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Table 3.13 Analysis of gender by mechanism of injury (N=81)

Gender Mechanism of injury Total
High Velocity Low Velocity
Female (N) 11 4 15
% 13.58 4.94 18.52
Male (N) 27 39 66
% 33.33 48.15 81.48
Total (N) 38 43 81
% 46.91 53.09 100.00

The Chi-square indicates a P value of .0231
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Table 3.14 Analysis of decade by gender and alcohol consumption (N=93).

Decade Alcohol consumption  Total Gender Total
No Yes Female Male
1&2(N) 1 2 3 2 1 3
% 1.08 2.15 3.23 2.15 1.08 3.3
3 (N) 17 20 37 6 31 37
% 18.28 21.51 39.78 6.45 33.33 39.78
4 (N) 10 15 25 2 23 25
% 10.75 16.13 26.88 2.15 24.73 26.88
5 (N) 9 11 20 4 16 20
% 9.68 11.83 21.51 4.3 17.20 21.51
6 (N) 1 7 8 2 6 8
% 1.08 7.53 8.60 2.15 6.45 8.6
Total (N) 38 55 93 16 77 93
% 40.86 59.14 100 17.20 82.8 100

Chi-square indicates a P value of 0.5123

Chi-square indicates a P value of 0.1299
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Table 3.15 Analysis of fracture type by alcohol consumption and mechanism of injury.

Fracture Alcohol Total Mechanism of injury Total
consumption
No Yes High velocity  Low Velocity
DA (N) 11 5 16 11 3 14
% 11.7 5.32 17.02 13.58 3.7 17.28
Le Fort (N) 5 8 13 5 5 10
% 5.32 8.51 13.83 6.17 6.17 12.35
Other (N) 3 3 6 1 4 5
% 3.19 13.83 17.02 1.23 4.94 6.17
Panfacial (N) 3 13 16 7 8 15
% 3.19 13.83 17.02 8.64 9.88 18.52
Zygoma (N) 17 26 43 14 23 37
% 18.09 27.66 45.74 17.28 28.40 45.68
Total (N) 39 55 94 38 43 81
% 41.49 58.51  100.00 46.91 53.09 100.00

Chi-square indicates a P value of 0.0719

Chi-square indicates a P value of 0.0796
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Table 3.16 Analysis of fracture type by treatment.

Fracture C ED N 0 X Total (N)
DA (N) 9 6 1 0 0 16
% 9.57 6.38 1.06 0.00 0.00 17.02
Le Fort (N) 2 1 1 8 1 13
% 2.13 1.06 1.06 8.51 1.06 13.83
Other (N) 1 1 1 0 3 6
% 1.06 1.06 1.06 0.00 3.19 6.38
Panfacial (N) 0 0 0 16 0 16
% 0.00 0.00 0.00 17.02 0.00 17.02
Zygoma (N) 5 0 8 30 0 43
% 5.32 0.00 8.51 31.91 0.00 45.74
Total (N) 12 8 11 54 9 94
% 18.08 8.51 11.70 57.45 4.25 100.00

Chi-square indicates a P value of <0.0001 however, 76% of the cells have expected

counts of less than 5.

C= Closed reduction N= No treatment

ED= Extraction/s and debridement X =0ther methods

O= Open Reduction internal Fixation (ORIF)
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3.6 Hardware costs

A total of three companies provided the plating systems for internal fixation. The
average price for a screw from these companies was R 182.45 and the average price for

a miniplate was R 509.63.

An average of two mini-plates with eight 1.5mm or 1.3mm (depending on which
company system was used) screws was used for plating a fractured zygoma. The
average cost per patient for an ORIF of a fractured zygoma was R 2 479.12(2 x 509.63 +
8 x 182.45). For panfacial fractures an average of 6 mini-plates and 32 screws were
utilized per patient. Thus a cost of R7 438.69 (6 x 509.63 + 24 x 182.54) per patient for
ORIF of panfacial fractures was noted. Le Fort fractures on average required 4 mini-
plates and 16 screws, resulting in a cost of R 4 959.16 (4x 509.63 + 16 x 182.54) per

patient for ORIF Le Fort fracture.

Collating the above data with that of Table 3.16 for the number of ORIF for each of the
fracture types, a total of R 287 090.28 was obtained as the average cost of “hardware”
utilized in this report. This equates to US S 35 886.29 per annum for this study (rate of

R8.00 = US $ 1).
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Chapter 4 Discussion

The Department of Maxillofacial and Oral Surgery of the University of the
Witwatersrand provides services to virtually the entire central, southern, eastern and
western area of the Gauteng Province via the Johannesburg Academic and Chris Hani
Baragwanath Hospitals. These two tertiary institutions also accept referrals from parts
of the North West, Free State and Northern Cape Provinces. The services rendered

include all aspects of maxillofacial surgery with trauma forming the bulk of the caseload.

The aetiology of midfacial fractures in this study varied considerably with blunt trauma
due to interpersonal violence accounting for 40.5% of all injuries sustained. Of those
patients who sustained fractures as a result of a weapon, 18 (19.2%) were injured with
blunt force trauma with a brick or rod/pipe, 2 (2.1%) with knife wounds and 13 (13.8%)
were victims of bullet wounds. This finding is similar to other studies conducted in South
21, 22,35

Africa which indicated violence as the principal modality of maxillofacial injuries.

Greene et al # also noted that most facial injuries resulted from non-penetrating injury.

In this study road traffic accidents accounted for 26.6%of all the fractures. This is in
contrast to Zachariades et al ** and van Beek et al ¥ who noted that road traffic
accidents accounted for more than half of maxillofacial injuries in Greece and

27
|

Netherlands respectively. Van Beek et al “* did however notice a sharp decrease in road

traffic accidents with a concomitant increase in violence as a cause of maxillofacial
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injuries over a 27 year period. Falls (5.3%) were the least contributors to midfacial
fractures in this study. Once again similar epidemiologic data were noted in previous

South African studies. 2 2% 3°

From this study it was noted that the male to female ratio is 4:1. This marked male
predominance is similar to those epidemiological studies conducted in Irbid, Jordan **
and Njimegen, Netherlands.?” This also compare favourably with previous studies

conducted in South Africa.?% 2 2% 35

These findings are however in contrast to those
found in Innsbruck, Austria %’ and in Chennai, India % where the authors report a higher

female incidence but still a male predominance.

77.6% of patients who sought treatment in our hospitals were black, followed by whites,
coloureds and asians in descending order of frequency. Possible explanations for this
trend include the fact that blacks constitute the highest population in South Africa.*®
Secondly the highest unemployment rate in our county is amongst blacks.*® These
indigent patients without any form of medical insurance would therefore tend to seek
treatment in public institutions like ours. The smaller population groups, with fewer
rates of unemployment, tend to seek medical treatment in the private sector. Previous

. . . 20, 21, 22
studies in our country corroborate this trend. 2% 2% 2%

If one considers the age range it was noted that 67.0 % of individuals that sustained
midfacial injuries were reported to be in the third and fourth decade with the highest
incidence noted in the third decade (39.4%). Desai > described this group as

representing the unskilled labour force that are usually paid weekly and traditionally
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frequent drinking establishments (colloquially known as Shebeens) over the weekends.
Due to inebriation at the time this leads to a marked increase in interpersonal violence

with robbery often being the motive.

Of those persons who sustained midfacial fractures, 58.51 % were intoxicated at the
time of injury. Some patients (13.8%) were so inebriated at the time of injury that they
had no recollection of how they were injured. 3.8% of the intoxicated patients had no
recollection of which day they were injured due to intoxication or their state of

consciousness.

Kontio et al *3 reported in their study of maxillofacial injuries that the level of violence
had become more severe in nature. This is borne out in that 67.02% of individuals in this
study reported loss of consciousness which even if transient is defined as a mild head

injury according to ATLS.

Kontio et al *

also reported that maxillofacial injuries occurred most often over the
weekends and correlated it with Finnish drinking habits. Anecdotal evidence in our unit
has long supported the hypothesis that most maxillofacial injuries occurred during
weekends. This study confirms our suspicion in that 58.5% of the 94 patients were
injured over the weekend, with Sunday (25.5%) being the day when most injuries were
sustained. As far as | am aware this is the first South African study to record injuries
taking into account days of the week in order to provide insight into behavioural
patterns. It’s thus fair to conclude that South Africans have similar social habits to the

Finnish.
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If one analyses the data a statistically significant (Chi square test indicated a P value
<0.0001) correlation of low velocity trauma and alcohol consumption is noted, thus
providing credibility that substance abuse is closely relate to trauma (Table 3.11).
Surprisingly there seems to be neither statistical significance between gender and
alcohol consumption nor any significance between gender and mechanism of injury,
thus suggesting that female patients were equally affected as males by alcohol and

mechanism of injury albeit in lower numbers.

The characteristics of injuries sustained indicate that majority of the victims are
assaulted more on the left suggesting that the assailants are mainly right handed. Also
the most commonly associated injury with midface fractures is a fractured mandible

(32.9%).

Beaumont et al *° reported in their study that when considering midface fractures, ZMC
fractures predominate followed by Le Fort and DA fractures respectively. Twenty one
years later this study once again confirms that ZMC are the most common midface
fractures (45.74%). In this study however panfacial fractures (17.02%) were the second
most fractures followed by DA (17.02%) and Le Fort (13.83%). Fractures such as NOE
and isolated blowout fractures only accounted for less than 7% of the fractures. Other
authors have also reported that a ZMC fracture has the highest incidence although

29, 30, 31, 32
One reason

there is variability in the frequency of the other midfacial bones.
for the high rate in the ZMC fractures is that it is instinctive to turn the head when

anticipating a blow to the midface in order to protect the globe.
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In terms of treatment, the 16 patients with panfacial fractures, 30 (31.9%) ZMC and 8
(8.5%) Le Fort fractures were treated with open reduction and internal fixation which
allowed for improved rigidity of these unstable fractures. In this study 5 (11.63%) of
ZMC fractures were treated by closed reduction. 8 (8.5 %) patients with undisplaced
zygoma fractures were treated conservatively (i.e. observation only) as is advocated in
the literature. ** The Chi-square results reflected in Table 3.16 indicates a P value of
<0.0001 however, 76% of the cells have expected counts of less than 5 thus rendering
the statistical analyses void. The results do however suggest a trend in the treatment
offered to the various fracture types. Although the size is not sufficient the clinical
importance is still present. To illustrate this it is noted that the need for ORIF of ZMC
fractures is high which suggests that the majority of the reviewed patients have
displaced, comminuted and unstable ZMC fractures attesting to the violent nature of

the trauma.

The time interval from the date of injury to date of surgery ranged from 0 to 151 days
with a mean of 13.9 days. The delay in treating patients is attributable to two main

factors:

(1) Delayed presentation: The majority of patients that are treated are referred from
peripheral hospitals as far as 400 kilometres from Chris Hani Baragwanath and
Johannesburg Hospitals. These patients either depend on scheduled hospital transport
to ferry them to our hospital or often have to seek scarce financial resources to arrange

for transport to our units.
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(2) Patient overload: The high prevalence of interpersonal violence in our country often
results in trauma overload. Combined with a broader lack of resources such as a lack of

theatre time it inevitably results in longer waiting periods.

By the time these patients get to theatre inappropriate healing (in the form of fibrous
union, mal-union and sepsis has taken place) thus often necessitating osteotomising the
fractures with subsequent prolongation of theatre time and increasing costs. Also

treatment of the older fractures often yields suboptimal clinical outcomes.

From this study it is noted that on average the “hardware” costs for a patient with a
ZMC fracture equates to R2 479.12 whilst that of a panfacial was R7 438.69.
Interestingly the costs provided by Duvenage 2 in 1979 reported a total hospital cost
for maxillofacial injuries (inclusive of anaesthetic, ward and hardware costs) of R295.75

for ORIF in general.

Desai > in 2006 reported a total cost for “hardware” only for ORIF of fractured
mandible to the state per annum of R158 305. This study reveals the total hardware
cost for midfacial fractures to be R 287 090.28 per annum. These costs do not include

ward, anaesthetic and theatre fees.
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Chapter 5 Conclusion

This study has shown that the majority of patients presenting with midfacial fractures
were those of lower socio-economic status (i.e. blacks). The majority of these patients
were injured over weekends and were inebriated at the time of injury. Blunt trauma due
to interpersonal violence was the most common cause of facial fractures. The zygomatic
complex fracture was the most commonly observed midface fracture. This study
suggests that a relationship exists between facial trauma, poverty and alcohol
consumption. It is also noted that facial trauma (mainly due to interpersonal violence in

our country) places enormous financial burden on the state.

Future studies should seek to understand the epidemiological factors influencing facial

trauma in an effort to improve prevention and management of these injuries.

In addition it is clear that trends are observed when analysing the data collated,
however the limited numbers of patients do not reflect statistical significance. Again,
further research is required to encompass a larger sample size with adequate follow-up
of clinical outcomes as to obtain more meaningful data with other criteria such as
complication rates, sepsis rates and total hospitalisation costs being incorporated. This
would enhance a better understanding of influencing patterns on facial trauma with a

view to providing an effective response to this epidemic.
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Appendix B
PARTICIPANT INFORMATION SHEET AND CONSENT.

Dear patient

My name is Dr. Yusuf F Suleman and | am a registrar in the Division of Maxillofacial & Oral
Surgery. As part of my training, | am conducting a study about midfacial fractures (broken bones
of the face from the eyebrow, nose, the bones around the cheek and upper jaw including upper

teeth but not including the lower jaw).

As your injuries are consistent with those described above, | require your help by allowing me to
use your clinical records; these would include a physical examination of yourself as well as
analysis of your x-rays for the purposes of this study. It is hoped that this study will help our

department better understand this injury, and improve on our service to all of our patients.

Your participation in this study is purely voluntary if you so wish at any time and that whether
you participate or not will not affect the outcome of your treatment and such you may choose
whether you would like to participate in this study or not. If you opt to participate a few

guestions will be asked about the circumstances surrounding how you got injured as well as an
examination of the extent of your injuries. A copy of the information sheet is attached for your

perusal.

Please note that it is your right to withdraw from this study if you wish at any time and that

whether you participate or not will not affect the outcome of your treatment.
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You will notice that the data information sheet does not reflect your name and as such you will
remain anonymous and all information gathered is strictly confidential and will be used for

research purposes only.

If you have any questions relating to this study or feel that you may require more information
about the study, you may contact me on 011 933 8107 (Chris Hani Baragwanath Hospital, Ward

H4).

THE DOCTOR HAS EXPLAINED HIS INTENTIONS TO ME AND | AGREE TO PARTICIPATE IN THIS
STUDY. I DO SO FREELY AND UNDERSTAND THAT | MAY WITHDRAW AT ANY TIME, WITHOUT

COMPROMISING ANY TREATMENT DUE TO ME.

PATIENT SIGNATURE ..o DATE....cccininiinnns

OR

PARENT /LEGAL GUARDIAN .......c.cceuun....
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Appendix C

MIDFACE FRACTURE PATTERNS PATICIPANT INFORMATION DATA SHEET.

Date of Birth: Gender: M/F
Race: Date of Injury:

Date of Consultation: Date of Admission:
Intoxicated at the time:

Loss of consciousness: Y/N Hospital no.:

Airway : patent/compromised/obstructed

Neurological status: GCS score /15 /10

Relevant medical history:

Relevant surgical history:

Mechanism of injury

(Tick appropriate)

Motor vehicle accident Assault
Occupant Fist
Pedestrian Foot

Motorcyclist Pipe

Cyclist Brick
Bottle
Firearm

Sport Industrial |

Including Bat/Stick
Other
Fall | | Miscellaneous

Blunt Trauma  high velocity:(mva/other)
low velocity : (fists/fall)
Penetrating Trauma high velocity:(bullet / blast shrapnel/other)
low velocity :(knife/ other)
state entrance and exit wound( if applicable)

Site of impact left/right/midline
Soft tissue : lacerations/abrasions/avulsive

Associated/Other injuries :

Special Investigations :




Midfacial Fracture/s

: (Tick and illustrate on diagram below)

Orbit Blowout NOE
Zygoma Frontal Maxillary Buttress Arch
process process
Maxilla Le Fort | Le Fort Il Le Fort llI Dentoalveolar Other
Nasal
Palate
Signs and Symptoms:
Displaced fracture :'Y/N

Duration of MMF:

: ORIF /CRFM / NONE (indicate treatment on table and diagram below)

Treatment
Plating Wires
Y X Gillies
Double Y L MMF
Curved Straight Arch Wires
Bars ‘
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