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Background: Basal skull fractures (BSFs) have been reported to be a major cause of morbidity
and mortality in the literature, particularly in young male patients. However, there are limited
data available on the aetiology, prevalence and patterns of such observed in South Africa.

Objectives: To evaluate the prevalence and pattern of BSF in head injury patients referred to
Dr George Mukhari Academic Hospital, Gauteng, South Africa.

Methods: Patients of all ages with head injuries were considered for the study, and those who
met the inclusion criteria were scanned using a 128-slice multidetector helical computed
tomography (CT) machine after obtaining consent. Data were prospectively obtained over a
6-month period, interpreted on an advanced workstation by two readers and statistically
analysed.

Results: The prevalence of BSF in this study was found to be 15.2%. The majority of patients
(80.5%) were under 40 years old, with a male to female ratio of 3:1. The most common
aetiology of BSF was assault, which accounted for 46% of cases. The middle cranial fossa
was the most frequently fractured compartment, while the petrous bone was the most
commonly fractured bone. There was a statistically significant association between head
injury severity and BSF, and between the number of fracture lines and associated signs of
BSF (p < 0.001). The sensitivity of clinical signs in predicting BSF was 31%, while specificity
was 89.3% (p = 0.004).

Conclusion: The prevalence and pattern of BSF found were consistent with data from
previously published studies, although, dissimilarly, assault was found to be the most common
aetiology in this study.

Introduction

According to Ryan et al.,' the human skull consists of three components: calvarium, facial bones
and mandible. The calvarium is further divided into the skull vault and the skull base, the latter
of which consists of the paired orbital plates with the cribriform plate in the middle, the sphenoid
bone with its lesser wings anteriorly and greater wings posteriorly, parts of the squamous
temporal bone and petrous temporal bone and, lastly, the occipital bone posteriorly.! The inner
surface of the skull base is divided into anterior, middle and posterior cranial fossae by the
sphenoidal ridge anteriorly and the petrous ridge posteriorly.?

Abasal skull fracture (BSF) is defined as any fracture involving the floor of the anterior, middle or
posterior cranial fossa that results either because of a direct local or remote force mechanism.?
Although most BSFs are thought to be minor in nature, if missed or diagnosed late, they could
lead to debilitating complications such as neurovascular injuries, cerebrospinal fluid (CSF) leaks,
meningitis or even death, especially if severe and /or associated with intracranial haemorrhage.*°
In fact, head injuries have not only been reported to be a major public health problem but are also
a leading cause of morbidity and mortality in younger patients (i.e. those under the age of
45 years) in the developed world.*>® In most studies, the underlying mechanism of injury has
been consistently reported to be road accidents, a phenomenon that can be attributed to various
factors depending on geographic location.>¢"

The reported prevalence of BSF varies greatly in the literature. In the developed world and Asian
studies, BSF has been reported to have a prevalence of 3.5% — 24%, whereas studies conducted in
Nigeria suggest higher figures of 33% — 46%.*”'>"* The main limitation of these findings in the
present study is that they are derived from Western, Asian and Nigerian populations and therefore
may not necessarily be generalisable to the local South African population. For South Africa,
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there is limited data in the literature regarding the prevalence
and pattern of BSE It is for this reason that we decided to
evaluate the prevalence and pattern of BSF in the South
African context.

The clinical presentation of patients with BSF varies and is
determined by the severity of head injury and/or associated
injuries elsewhere in the body. Some of the known clinical
signs of BSF include racoon eye, rhinorrhoea, rhinorrhagia,
anosmia, visual impairment, otorrhoea, otorrhagia, hearing
loss, neurovascular injuries, Battle sign, phonation problems,
vocal cord paralysis and/or aspiration.**™ It is important to
note that if a CSF leak secondary to BSF is missed, it may lead
to meningitis and, ultimately, death."*"” Identification of
these clinical signs in the setting of trauma should always
prompt the treating clinician to arrange for an urgent
computed tomography (CT) scan of the brain or make a
referral to a centre with CT scan facilities for early diagnosis
and management so that complications can be avoided. This
is supported by the fact that the literature has largely shown
the presence of clinical signs to be a statistically significant
predictor of BSF.4!?

Materials and methods

A cross-sectional prospective and observational study was
performed at Dr George Mukhari Academic Hospital
(DGMAH) located in the Northwest district of Tshwane,
Gauteng province, South Africa. DGMAH is a teaching
hospital affiliated with the Sefako Makgatho Health
Sciences University. The study included any patient with
a head injury referred to the Radiology Department for a
CT brain scan, including paediatric patients. Conversely,
the exclusion criteria included previous head injury, recent
brain surgery, pre-existing bone pathology, incomplete
images and/or severe artefacts that could render the images
unreadable.

A total of 210 patients who met the inclusion criteria were
analysed over a period of 6 months, from June to November
2016. Patients were scanned with a Philips Ingenuity Core
128-slice multidetector helical CT scan machine (Phillips,
Amsterdam, the Netherlands) using a built-in head trauma
protocol with 1-mm slices and a bone kernel. Images were
then analysed on an IntelliSpace Portal V6.0 Philips
workstation (Phillips) that offers multiplanar reconstruction
and three-dimensional (3D) capabilities. Images were
interpreted by the lead researcher (a radiology registrar in
the third year of training at the time of the study) and a
qualified general radiologist with 6 years of experience,
independently of one another.

BSF was diagnosed when there was a direct visualisation
of a fracture line of the skull base on CT. In patients with
signs such as brain contusion, intracranial haemorrhage,
pneumocephalus, haemosinus or other features of intracranial
or basal skull injury without direct visualisation of the
fracture line, the term ‘associated signs” was utilised for the
purpose of our study. We did not however make a distinction

Page 2 of 7 . Original Research

http://www.sajr.org.za . Open Access

between patients who had associated signs from skull base
injury and those with skull vault injury as this was not the
primary focus of the study.

Inter-reader variability was evaluated using Kappa statistics.
The data were captured on an Excel spreadsheet (Microsoft
Corp., Redmond, WA, USA) and analysed using the SAS
(SAS Institute, Cary, NC, USA) and Statistical Package for the
Social Sciences version 25 (IBM Corp., Armonk, NY, USA)
software programs.

Ethical consideration

The present study received ethical clearance from the research
ethics committee of the Sefako Makgatho Health Sciences
University prior to commencement (ethics approval no.
SMUREC/M/10/2016: PG). Consent was obtained from all
the participants after the details of the study were explained
to them. The patients were anonymised to protect their
identity and their details were kept safe and confidential,
withnodivulgement to a third party under any circumstances.

Results

The study analysed a total of 210 participants. There were 159
male and 51 female patients, with a male to female ratio of
3:1. Patients” ages ranged from 1 to 81 years, with a mean of
29.61 years (standard deviation: 14.65 years) and a median
(interquartile range) of 28 years (23-36 years). There were 10
patients whose ages could not be established; therefore, these
individuals were not included in the age analysis. Figure 1
shows that the majority of the patients (n = 161; 80.5%) were
under the age of 40 years.

Of the 210 patients analysed, 32 (15.2%) had BSF confirmed
on CT scan, while 178 (84.2%) had no BSE. Of the 32 patients
with BSE, 18 patients had middle cranial fossa (MCF)
fractures, 15 patients had anterior cranial fossa (ACF)
fractures and four patients had posterior cranial fossa (PCF)
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FIGURE 1: Age distribution of head injury patients (n = 200, missing data = 10).
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fractures. Five of these patients had fractures involving a
combination of cranial fossa compartments. Three patients
demonstrated combined ACF and MCF fractures, whereas
two patients had combined MCF and PCF fractures. There
was no ACF and PCF fracture combination nor was there an
involvement of all three compartments in any of the patients.

Data in Table 1 reveal that the frontal sinus was the most
fractured bone in the ACF, which was observed in seven
patients. The same frequency of fractures was observed for
a combination of different bones of the ACF. The MCF was
the most frequently fractured compartment, with a total of
18 fractures recorded, as shown in Table 2. The most
common isolated fractured bone without clinical signs in
the MCF was squamous temporal, a finding which was

TABLE 1: Comparison of anterior cranial fossa clinical signs and fractures on
computed tomography (n = 210).

Anterior fossa Type of anterior cranial fossa fracture

signs No Frontal sinus Orbital roof Any Total
fracture  fracture fracture  combination

No clinical signs 177 6 - 4 187

Rhinorrhagia 7 1 - 1 9

Raccoon eye 10 - 1 2 13

Any combination 1 - - - 1

Total 195 7 1 7 210
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observed on three occasions. Of the 18 fractures of the MCF,
12 were a combination of different bones of which nine did
not show any clinical signs of BSF. The petrous bone
fractures occurred in isolation in three patients and were
longitudinal in all three individuals. Nine patients had a
petrous bone fracture that occurred in combination with
fractures of the other bones of the MCEF, with an example
illustrated in Figure 2. Table 3 shows the distribution of the
types of petrous bone fractures. There was no violation of
the otic capsule observed in any of the petrous bone
fractures. The squamous occipital bone was the most
frequently fractured bone in the PCF, occurring on three
occasions, and none of the four patients with PCF fractures
demonstrated clinical signs. Figure 3 shows occipital
condylar fracture as an example of a posterior fossa fracture
with intact skull base lines.

There was a total of 63 (30%) patients who demonstrated
associated signs of BSF on CT brain scan, of whom 28 had a
BSF on CT, while the remaining 35 did not have a BSF on CT.
This implies that 87.5% (28/32) of patients who had a
BSF also had associated signs as revealed by CT, whereas
80.3% (143/178) who did not have BSF also had no associated
signs (p < 0.001, chi-squared test). The following associated

TABLE 2: Comparison of middle cranial fossa clinical signs and fractures on computed tomography (n = 210).

Middle fossa signs

Type of middle cranial fossa fracture

No fracture Squamous temporal  Mastoid bone fracture  Petrous bone fracture Any combination Total
bone facture

No signs 189 3 1 9 202
Otorrhoea 2 - - 1 3
Otorrhagia - - 2 1 3
Haemotympanum - - - 1 1
Any combination 1 - - - 1
Total 192 3 3 12 210

FIGURE 2: (a) Axial and (b) three-dimensional image of a complex petrous temporal bone fracture in combination with a comminuted, squamous temporal bone fracture.
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TABLE 3: Summary of petrous bone fractures on computed tomography

Nature of petrous bone Type of petrous bone fracture Total
involvement -

Transverse Longitudinal Complex
Isolated petrous bone fracture - 3 - 3
Petrous bone fracture in 4 3 2 9
combination with other
bones
Total 4 6 2 12
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TABLE 4: Relationship between number of fracture lines and associated signs on
computed tomography.

A}sociated Number of fracture lines on CT Total
slgns None One Two Three More than three

Absent 143 2 - - 2 147
Present 35 16 2 1 9 63
Total 178 18 2 1 11 210

Note: p < 0.001, simple binary logistic regression.
CT, computed tomography.

FIGURE 3: (a) Axial, (b) coronal and (c) sagittal computed tomography bone window with a right occipital condylar fracture (arrows).

TABLE 5: Summary of severity of head injury and basal skull fracture in relation to mechanism of injury (n = 210).

Mgchanism Basal skull fracture on CT Subtotal Grand total
of injury No fracture: Head injury severity Fracture present: Head injury severity
Mild Moderate Severe Subtotal Mild Moderate Severe

n % n % n % n % n % n % n % n % n %
Assault 73 75 2 2 8 8 83 84.7 8 8 6 6 1 1 15 15.3 98 46
Fall 23 85 - - - - 23 85.2 4 15 - - - 4 14.8 27 13
PVA 22 69 4 13 1 3 27 84.4 - 3 9 2 6 5 15.6 32 15
MVA 36 77 2 4 2 4 40 85.2 2 4 1 2 4 9 7 14.8 47 22
Gunshot 1 - - - - - - - - - - - 1 - - - 2 -
MBA 1 - - - - - - - - - - - - - - - 1 -
Stab 1 - - - - - - - - - - - - - - - 1 -
Unknown 1 - - - 1 - - - - - - - - - - - 2 -
Total 158 - 8 - 12 - - - 14 - 10 - 8 - - - 210 -

Note: Severity of head injury was measured by means of GCS, where mild is 13-15, moderate is 9-12 and severe is 3—8. p < 0.001, simple binary logistic regression.
MOI, mechanism of injury; CT, computed tomography; GCS, Glasgow Coma Scale; PVA, pedestrian vehicle accident; MBA, motor bike accident; MVA, motor vehicle accident.

signs were observed in an order of decreasing frequency:
haemorrhagic brain contusion (33), subarachnoid haemorrhage
(28), brain oedema (26), blood in the paranasal sinuses (24),
blood in the mastoid air cells (21), pneumocranium (19), blood
in the middle ears (14), epidural hematoma (12), subdural
hematoma (10), air in the temporomandibular joint (5) and
intracranial foreign body (3).

Table 4 demonstrates that the majority of patients with BSF
had a single fracture line, accounting for 56.3% (18/32) of the
cases, followed by complex fractures of more than three
fracture lines, as seen in 34% (11/32) of cases. It further shows
that there was a statistically significant association between
an increasing number of fracture lines and the presence of
associated signs on CT scan, with an adjusted odds ratio (OR)
of 3.89 (p < 0.001) and a corresponding 95% confidence
interval (CI) of 1.93-7.88.

Table 5 shows that assault was the most common aetiology
of head injury in this study, at 46.7% (98/210), followed by
motor vehicle accidents (MVAs) and pedestrian vehicle
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accidents (PVAs) at 22% (47/210) and 15% (32/210),
respectively. The proportions of patients who had BSF
because of assault, fall, MVA, and PVA were all similar at
approximately 15%, despite their respective absolute values
being different. Patients with gunshot injuries, motor bike
accidents (MBAs), other penetrating injuries and unknown
aetiology as a mechanism of their injury had limited data;
therefore, their percentages were not evaluated. Simple
binary logistic regression with an adjusted OR of 3.26 (p <
0.001) and a corresponding 95% CI of 1.99-5.35 demonstrated
that there was a significant association between head injury
severity as measured by means of Glasgow Coma Scale
(GCS) and the presence of BSF on CT scan. Table 5 further
shows that 75% (158/210) of the patients with head injury
had mild head injury with no BSE.

Only 10 of 32 (31.3%) patients with BSF were positively
predicted by means of clinical signs, while 159 of 178 (89.3%)
patients with no BSF were identified in the absence of
clinical signs (p = 0.004, Fisher’s exact test). This implies
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that, in our study, clinical signs had a sensitivity of 31.3%, a
specificity of 89.3%, a positive predictive value of 34.4% and
a negative predictive value of 87.8% for BSF as compared
with CT brain scan. This study notably showed that the
most common single clinical sign that ACF patients
presented with was a racoon eye, which was observed in 13
patients, followed by rhinorrhagia in nine patients (Table 1).
Conversely, the most common clinical signs of MCF were
otorrhoea and otorrhagia, each sign presenting in three
patients (Table 2). There were no clinical signs observed for
PCF fractures.

As this study employed two readers, the inter-rater reliability
was evaluated and there was 85% agreement between
the two readers, with a p-value of < 0.001 and a 95% CI of
82.0-88.2. This finding was associated with a Kappa
coefficient of 0.4655, which has a moderate weighting
according to Altman.'®

Discussion

This study revealed that the majority of patients who
presented with a head injury were young (i.e. under the
age of 40 years) and predominantly men, with a male to
female ratio of 3:1. Notably, these cohort characteristics are
consistent with those in previous studies.*®® A striking
contrast between these studies and ours is that while the
former have consistently shown vehicle-related accidents
to be the most common aetiology of traumatic head injuries,
our study found assault to be the highest cause, accounting
for 46% (98/210) of all cases of traumatic head injury
evaluated. This finding implies that there were high levels
of interpersonal violence in this study population, despite
a survey by Statistics South Africa reporting a moderate
decline in assault cases between 2013 and 2017."

The prevalence of BSF in this study was found to be 15.2%
(32/210), irrespective of aetiology. This figure falls well
within the 3.5% —24% range that has been reported in studies
from the United Kingdom, India and Hong Kong, 2%
whereas it is at least half of what has been published before
in the Nigerian literature.*>" The MCF was the most
common fractured skull base compartment in this study
followed by the ACF, with the PCF recording the least
number of fractures. This distribution is consistent with
those seen in previous studies. The predominance of
MCEF fractures is thought to be because of the presence of
neurovascular foramina (which are presumed to be points
of structural weakness) and thin bones in the MCF,
which render it susceptible to fractures in comparison with
the anterior and posterior compartments.*® Furthermore, the
site of impact in the case of head injury tends to be from
the sides or front.?

Within the middle cranial fossa, the most common
fractured bone was the petrous bone. A total of six patients
demonstrated a longitudinal fracture, while four had a
transverse fracture and two had a complex fracture according
to the traditional radiographic classification system based on
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fracture orientation.” It should be noted, however, that this
classification system has been criticised in the literature for
its inability to predict clinical sequelae. The preferred newer
classification system is otic capsule violating versus sparing
of the otic capsule because of its clinical relavance.”'”?! It was
also found that 75% (9/12) of patients with petrous bone
fractures also had fractures of other bones of the skull base.
This suggests that, in a patient with a petrous bone fracture
after a head injury, the radiologist interpreting the CT brain
scan should actively look for fractures of other bones of the
skull base.

It is essential that bone window with thin slices of 1 mm-
1.15 mm should be used in the evaluation of basal skull
fractures in order to minimise the chances of false negative
outcomes in pursuit of these fractures. On the other hand,
false positive outcomes because of misinterpretation of
suture lines as fractures can be avoided by prior knowledge
of the sites of suture lines, the cortical lining of the suture
lines and a width of less than 2 mm in the suture line.*’In the
presence of BSF, it is always important to assess the integrity
of the base of skull lines as their disruption indicates cranio-
cervical junction dissociation that is life-threatening.

Of the five patients who had BSF involving combinations of
skull base compartments, three had a mild head injury and
two had a severe head injury as determined based on GCS
with variable aetiologies. This suggests that BSF involving a
combination of skull base compartments might have no
direct relationship with the severity of head injury.

There was a statistically significant association between BSF
and associated signs, with 87.5% (28/32) of patients with BSF
having associated signs on CT scan (p < 0.001, chi-squared
test). Thus, in patients who have associated signs on CT scan
following a head injury, a fracture line should be sought so
that the patient can receive the appropriate intervention(s).
Thirty-five of 63 patients with associated signs on CT did not
have BSF. This rate can be attributed to the wider inclusion of
associated signs, such as contusions and subarachnoid
haemorrhages. It was also demonstrated that 56% (18/32) of
the included patients with BSF had a single fracture line,
while 34.4% (11/32) had more than three fracture lines. A
statistically significant association between the number of
fracture lines and associated signs on CT scan meant that
patients with more fracture lines were more likely to show
associated signs on CT scans (adjusted OR: 3.89, 95% CI:
1.93-7.88; p < 0.001). It is therefore very important to note
that, if a patient has multiple fracture lines on a CT brain scan
following a head injury, associated signs should be sought
and managed accordingly in order to prevent potential
complications.

Clinical signs showed a low sensitivity of 31.3% (10/32) in
predicting BSF in this study population. This is in contrast to
the results of previous studies that have shown good clinical
signs with sensitivity of 71% — 77% in predicting BSE.**?
The low yield present in the current study can be explained
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by the fact that this study was not designed to evaluate the
sensitivity of clinical signs in predicting BSF and the
experience of the attending emergency room medical officers
was not established. Conner et al.” similarly reported a lower
figure of 47%; however, it should be noted that evaluating the
sensitivity of clinical signs was not the primary objective of
their study. Having said that, this study showed a statistically
significant association between head injury severity by
means of GCS and BSF on CT scan, with an adjusted OR of
3.26 (p < 0.001) and a corresponding 95% CI of 1.99-5.35. This
is even more applicable in our South African setting with
limited resources, where some of the district hospitals do not
have CT scanners on their premises and have to refer patients
to other centres for imaging and further management. For
medical officers in these hospitals, it means that patients with
alow GCS, following head injury, should be referred urgently
for CT brain scan in order to prevent or manage complications
appropriately. Given that the majority of the patients in our
study had mild head injury with no BSF, it is advisable that
clinicians in our setting should familiarise themselves with
the Canadian CT head rules in order to avoid unnecessary
requests or referrals for head CT. This will aid in reducing the
load on an already overburdened healthcare system without
compromising the quality of care provided for head injury
patients.”

Some of the limitations of our study include the fact that it
was a purely epidemiological study that was performed
over a short period of time and as such, the study sample
might not be a true reflection of the South African population
given its relatively small size and restricted geographic
location. In addition, our study did not take the inclusion
and exclusion criteria of the Canadian CT head injury rules
into consideration.

Conclusion

The findings of the study showed a prevalence of BSF of
15.2%, which is consistent with other percentages reported in
the developed world and Asian studies. Our predominance
of young male patients, mild head injuries, middle cranial
fossa fractures and frequent involvement of the petrous bone
are all findings consistent with those of previous studies.
Contrary to previous studies, however, assault was the most
common aetiology in the present study, reflecting the violent
nature of our society. This finding appeals to law enforcement
agencies to better ensure the safety and security of our
citizens at all times.

The strong association between clinical assessment of head
injury severity and BSF on CT scan implies that, in the
absence of CT, patients’ referral to well-resourced centres
should be expedited. In addition, radiologists should be
vigilant regarding associated signs, such as intracranial
bleeding in the presence of multiple fracture lines, when
interpreting CT brain scans of head injury patients. It is
recommended that similar studies should be conducted with
much larger sample sizes and at other geographic locations
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in South Africa in order to obtain a much better reflection of
the prevalence, pattern and aetiology of BSF in the country.
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