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Abstract

Objectives: To study the frequency of pattern, types and anatomical location of SF, in relation to the mechanism of injury, occupation and
other important social and demographic variables. Also, to assess the outcome of SF within one year.

Methods: A prospective, cross-sectional study on cases having SF attending Accident and Emergency Hospital (Teaching) (AEH) in Duhok
City. This study has involved patients having a fresh SF; they were clinically evaluated, stabilized and thereafter subjected to plain skull X-ray
(PSXR) and spiral computed tomography (CT) scan examination; no contrast was given; only few of them had magnetic resonance imaging
(MRI) study.

Results: There were 88(62.7%) males and 52(37.3%) females. Age ranged from 4 months 70 years, mean 10 years + 13.5 standard deviation.
Patients coming from urban regions formed 85(60.7%), those from rural areas constituted 55 (39.3%). The most common causes were fall
from height (FFH) 98(70%), followed by road traffic accidents (RTA) 25(17.9%), assault 4(2.86%), ceiling fan injury 4(2.86%), fall of heavy
object on the head 3(2.14%), penetrating injuries by missiles 4(2.86%) and 2(1.43%) injured by unusual material (trauma by a thrown rock
1), and by sharp rotating machine —Kosara. The Glasgow Coma Scale (GCS) score was as follow: 13-15 in 110(78.6%), 9-12 in 19(13.6%)
and 3-8in 11(7.9%) patients.

Conclusion: Patients sustaining HI are mainly young age groups; males are more involved than females. The main causes were FFH, RTA,

and assault. The majority of SFs are single, simple, and linear in their patterns.
Keywords: Head injury, skull fracture, neuro-Imaging, spiral computed tomography, magnetic resonance imaging

Introduction

Skull fractures (SF) are classified in three ways: Pattern: (linear,
comminuted, and depressed), anatomic location (vault con-
vexity, base), skin integrity." SFs result from large energy forces
applied to the head during injury. The extent and type of SF is
determined by the kinetic energy of striking object, the direc-
tion of the impact force, the geometry of the striking object
and the anatomic site of the impact. Forces greater than 1000 Ib
(454 Kg) in 1 ms are necessary to produce a fracture. Forces
that are smaller or take longer to develop cause acceleration of
the head rather than produce a fracture.? Despite these large
forces, a patient with skull fracture may have no signs of brain
injury, and conversely, a patient with massive brain injury may
have no skull fracture.” Skull thickness is not uniform, and
therefore, the impact of forces required to cause a fracture
depends on the site of the impact. The skull is thick at the gla-
bella, the external occipital protuberance, the mastoid pro-
cesses, and the external angular process. The skull vault is
comparatively thinner than the base of the skull. The skull
vault is composed of cancellous bone, the diploé, which is
sandwiched between the inner and outer tables and consists of
the lamina external (1.5 mm) and the lamina internal (0.5 mm).
The diploé does not form where the skull is covered with mus-
cles, leaving the vault thin and prone to fracture. Skull frac-
tures are more easily sustained at the thin squamous temporal
and parietal bones, the sphenoid sinus, the foramen magnum,
the petrous temporal ridge, and the inner parts of the sphenoid
wings at the skull base. The middle cranial fossa forms the
thinnest part of the skull and thus represents the weakest part,
which is further weakened by the presence of multiple
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foramina. Other sites at risk for fracture are the cribriform
plate, the roof of orbits in the anterior cranial fossa, and the
areas between the mastoid and dural sinuses in the posterior
cranial fossa. A linear fracture result first at a point of weakness
when the SF fail to undergo further elastic deformation as a
response to impact while comminuted fracture results when
the impact force sufficient to break the bone under the point of
impact and further through areas of weakness in to multiple
pieces. The dura is easily torn in skull base fracture; this places
subarachnoid space in direct contact with paranasal sinuses or
middle ear structures providing a pathway for infection. The
thickness and pliability of the skull vary among individuals
and with age, as does the thickness of dura and its adhesion to
the skull. These variations result in difference in the injuries
that follow trauma e.g. neonates have green-stick depressed
fracture because of flexibility of bone. Epidural hematomas
without skull fracture occur in children and young adults
because of the relative ease with which the dura strips from the
calvaria.'* Trauma is the leading cause of death and disability
in people under 45 years of age worldwide. Up to 50% of
trauma, fatalities are due to head injury (HI), but HI represents
a much greater proportion of permanent disability.” The SF
does, however, show that significant head trauma has occurred,
and so a careful assessment of brain, facial structures, and cer-
vical spine is required.’ The main causes of HI are road traffic
accidents, falls, and assaults.” Early definitive diagnosis and
management of SF decrease morbidity and mortality as well as
achieving maximal functional and aesthetic rehabilitation.”
Improved emergency medical services and campaigns for road
safety have seen a relative reduction in both the incidence of
injury and the number of resulting fatalities.®
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SFEs are classified according to whether there is a single
fracture line (fissure or linear), several fractures radiating
from a central point (stellate), or fragmentation of the bone
(comminuted), and whether the edges of the fracture line had
been driven below the level of the surrounding bone
(depressed) or not.”

Aims of Study

To study the frequency of pattern, types and anatomical loca-
tion of SE, in relation to the mechanism of injury, occupation
and other important social and demographic variables. Also,
to assess the outcome of SF within one year.

Methods

One hundred - forty consecutive head injured patients, having
fresh skull fracture attending AEH having sustained head
trauma, over period from Jan 2017 through December 2017,
were included in the study. The patients and/or his/her rela-
tives, guardians, or witness were asked about the cause of head
injury. A simple format was designed for registering the fre-
quency of pattern, type, site of SF, whether the fracture was
simple (closed) or compound (open), single or multiple, CSF
leak, other associated lesions and variables such as age, gender,
occupations, residential areas, in the same event; the need for
a surgical intervention was also documented. Also, in case of a
child, an inquiry was made about family supervision at the
time of accident. The clinical severity of the injury was assessed
according to the Glasgow Coma Scale (GCS); the patients were
given the appropriate GCS score. After the clinical condition
of the patients with SF had been stabilized, the general and the
neurological conditions were assessed. All patients had plain
skull X-ray (PSXR) films (postero-anterior and lateral projec-
tions), and a complete set of cervical spine films would have
been taken, and spiral CT scanning. Thin and high-resolution
CT reconstruction for the diagnosis of basal skull fracture, no
contrast was given; axial slices with thickness 0.5 mm for basal
skull and 0.8-10 mm to the vertex were taken. Only few of
them had magnetic resonance imaging (MRI) study, at the
Radiology Department of the Azadi General Hospital
(Teaching). Both bone and brain windows were taken for var-
ious intracranial structures, when indicated. Ethical approval
no. 129 in 1-12-2016.

Results

Age and Gender

The age has ranged between 1 month and 70 years (mean 10 +
13.5) (Table 1) 62 of them are in the paediatric age group,
below the age of 14 (Table 1).

To compare the median age among cases categorized by
mechanism of injury, it was significant with chi-square of 33.87
and P-value of 0.000 (the test is Kruskal Wallis test). As far as
sex is concerned, 52 are females and 88 are males (Table 1).

Residential Area

Regarding the residential regions, most patients have come
from urban 85 (60.8%), while 55 patients (39.2%) came from
rural areas, Table 2.
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Causes of Skull Fractures

As it is shown in Table 3, fall from height have stood for the
majority of causes (70%) among the study patients, followed
by RTA (17%), two of them died before any surgical interven-
tion, one was a child, the other was a-50-year old. Four patients
(3.8%) had been assaulted on their heads; two patients died,
one was 70 year, the other 27 years old (no pediatric abuse
noticed); 4 patients had penetrating injury, only one from
rural area of Duhok. The rest were victim of blast injury from
Mosul City, Nineveh Governorate; their injuries were mild
and superficial. Other various causes were also responsible for
HI. Unfortunately, one child died from HI by the fall of TV set
on his head.

Table 1. Distribution of patients by age and gender groups

Patients

Age groups Total Percentage

Male Female
4-12 months 6 3 9 6.4
1 year-9 years 57 39 96 68.6
10 years—19 years 11 6 17 12.1
20 years—29 years 8 1 9 6.4
30 years—39 years 2 3 5 36
40 years—49 years 2 0 2 14
50 years=59 years 1 0 1 0.7
60 years—7/0 years 1 0 1 0.7
Total (%) 88(62.7%) 52((373%) 140 100%
Table 2. Distribution of patients by residency area
Residency Number of patients Percentages
Rural 55 39.3%
Urban 85 60.7%
Total 140 100%

Table 3. Distribution of patients by causes of head injury

Causes Number of Percentage Number of
patients 9 dead patients

Fall from height 98 70 -

(1-4 m)

Road traffic accident 25 179 2

Assault 4 29 2

Ceiling fan injury 4 29 -

Blunt trauma by fall 3 2.1 1

of fall of the TV set

Penetrating missile Mosul 3 29 =

(bullet) Duhok 1

Miscellaneous 2 14 -

Total 140 100% 3.5%
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Symptoms and Signs

Glasgow Coma Scale Score

Considering GCS score, (Table 4), most of patients, 110
(78.6%), had GCS score of (13-15), 19(13.6%) had a score of
(9-12), and only 11(7.8%) had GCS from (3-8); the latter
group was severely injured.

Other Symptoms and Signs

One hundred and twelve patients have suffered post-traumatic
headache (80%), 22(16%) vomiting, 2(1.4%) otorrhoea,
2(1.4%) rhinorrhoea, 22(16%) had peri-orbital haematoma,
21(15%) lateralizing signs, 2(1.4%) ecchymosis over mastoid
(Battle’s sign). Two patients had early post-traumatic seizure,
and 10(8%) showed cranial nerve palsies. Extra-cranial inju-
ries were also present (Table 5).

Family Supervision

Most of children are below the age of 14 years, see Table 6;
69(60.5%) lack family supervision at time of accident. Only
45(39.5%) had family supervision at time of accident,
Table 6.

Table 4. Distribution of patients by GCS score on admission

Glasgow coma scale score Number of patients Percentage
13-15 110 78.6%
9-12 19 13.6%
3-8 11 7.9%
Total 140 100%

Table 5. Distribution of patients by other associated symp-
toms and signs

Symptoms and signs Number Percentage
Headache 112 80%
Vomiting 22 15.7%
Peri-orbital hematoma (raccoon eyes) 22 15.7%
Lateralizing signs 21 15%
Cranial nerve palsies (transient) [l nerve 5, 7.1%
Vlnerve 1,
Vil nerve 4
CSF rhinorrhoea 2 1.4%
CSF otorrhoea 2 1.4%
Early epilepsy 2 1.4%
Extracranial Fracture maxillae 2 10 7.1%

injuries

Fracture mandible
Fracture clavicle 3
Fracture radius 2

2

Fracture femur

Il nerve, occulomotor nerve; VI nerve, abducent nerve.
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Radiological Findings

Pattern of Skull Fractures

All patients have PSXR and CT scanning, the pattern of SF was
as follow: fissure fracture 97(69.3%), depressed 23(16.4%),
fracture base of skull 14(10%), 6 of which involved the ethmoid
and sphenoid paranasal sinuses and 8 petrous temporal bone,
and 6 patients had diastatic fractures (Table 7).

Anatomical Sites of Skull Fractures

Regarding the distribution of fractures according to their site,
Table 8, the majority of vault fractures are as follow: frontal 50,
parietal 36 and temporal 29. Few SF involved more one site.

Pathologies Associated with SF

As far as intracranial haematomas are concerned (Table 9),
there were 27 patients with EDH, 8 SDH, 3 had combined
EDH and SDH, 8 ICH (both intra-parechymal and intraven-
tricular), 3 infra-tentorial haematoma and one with a supra-
and infra-tentorial haematoma at the same time. Other
CT scan findings such as cerebral haemorrhagic contusions

Table 6. Family supervision for patients in paediatric age
group (9 months —14 years)

Family Rural  Urban  Total number

supervision area area of patients LGRS
Yes 5 40 45 395

No 60 9 69 60.5
Total 65 49 114 100
Table 7. Pattern of skull fractures

Pattern of skull fractures N::t‘:::,rt:f Percentage
Fissure (linear and curvilinear) 97 69.3
Depressed fracture 23 16.4
Skull base fracture 14 10
Diastatic (lambdoid and sagittal 6 43

sutures) fracture

Table 8. Distribution of fractures according to their site

Site No. of cases
Frontal 50
Parietal (2 crossing midline) 36
Temporal 29
Occipital 10
Frontoparietal 5
Temporoparietal 2
Ethmoid 2
Sphenoid (midline) 2
Petrous temporal, basal 8
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Table 9. Computed tomography scan finding

Type of lesion Number of patients

Extradural hematoma 27
Subdural hematoma 3
Combined extra- and subdural hematoma 3
Intra cerebral hematoma 9
Posterior fossa hematoma 3
Cerebral hemorrhagic contusions 10
Pneumocephalus 6
Cerebral edema 5
Subarachnoid hemorrhage 5

Intracranial bullet 1

Fig. 1 3D (T scan showing a left (picture on the left) and a right
(picture on the right) parietal compound depressed fracture of
two different children both of them had sustained fan injury.

Fig. 2 (A) 3D computed tomography scans of child with two
parietal factures. (B) CT scan axial view, same child, subdural
hematoma in occipital lobe.

(10), pneumocephalus (6), cerebral oedema (5), SAH (5) and
the intracranial bullet.

Discussion

In this study which has included one hundred - forty 140 con-
secutive patients, age range 4 months-70 year included 88
(62%) males and 52 (37%) females; the males constituted the
majority of cases admitted to hospital. This result is similar to
other studies who found males to be involved more than
females in SFs.%!* This may be related to the fact that males are
more exposed to dangers of work and RTA than females;
Annegers et al., think that among the groups at high risk of
head trauma are those who have had head trauma previously."
HI (among which SFs occur) affects mainly young age groups
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Fig. 3 (A-C) show various head computed tomography scans of an
adult, 19-year-old male with Kosarah injury. There has been
injuries involving the left maxilla, orbit, frontal sinus and
reaching frontal lobes of the brain.

Fig. 4 A child with compound depressed parietal fracture, also
there is extensive scalp laceration.

(Table 1); the mean age in our study was below age of 30; this
is because the young are among the most active group in the
community; this makes them more vulnerable to accidents
than others.”” Other researchers had found similar results."*"'¢
Another factor which applies to younger children is the rela-
tively larger head size compared to the body than in adults.
Also children are more vulnerable to head trauma as a result of
carelessness, lack of judgment, and battering.'” However, in
societies where the aging population is marked, head injuries
do constitute a health and social problem that deserves spe-
cific consideration(s) as reported by Ohno et al., from Japan.'®
Regarding the residency, (Table 2), most of the study patients
come from urban 85 (60.8%) in contrast to 55 (39.2%) coming
from rural areas. Again, the former group will be exposed to
the hazards of fall off higher buildings and to more road traf-
fics, and accidents at work due to the pattern of life in the
industrialized society; the author supports the idea that HI
may accompany the phenomenon of urbanization. FFH as a
major cause of HI as shown in Table 3 of this study is almost
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similar to other studies, although most had happened at
domestic (residential) sites and addressing the importance of
family supervision as a preventive factor, unfortunately, few
occurred at school when students climbed up schools’ fences;
these events address the importance of school supervision as
well. However, many other studies address RTA as a predomi-
nating cause.'’” This difference is probably due to the study
size and design and to local community circumstances. It is
interesting to mention that none of our RTA patients was
injured in a bicycle or motorcycle accident. This is due to the
fact, such sport is not prevalent in Iraq; moreover, modernly
designed-attractive bicycles and motorcycles are relatively
expensive and that the majority of families cannot afford to
buy them. Concerning disturbance of consciousness, which is
a sign of brain dysfunction, is a common sequel of HI (Table 4)
and usually correlates well with the severity of the injury. GCS
scores seen on admission indicate the mild profile of HI in this
study. Many other studies had shown similar results.'®"**
Many symptoms and signs are mentioned in (Table 5) which
commonly occur in HI, most of which are managed conserva-
tively or with appropriate symptomatic drug therapy, although
few of them may cause anxiety to the patient and / or his / or
her family who need reassurance. However, when it becomes
persistent, then it deserves further investigation(s) and may
need other appropriate treatment modality.”’ Similarly, inter-
estingly, Hugenholtz et al., addressing the problem of vomiting
in HI, have concluded that post-traumatic emesis is more
common following minor head injuries than following more
severe head injuries. The presence of a skull fracture or the site
of the impact does not influence the incidence or duration of
post-traumatic emesis. Retching and vomiting generally sub-
side within 3 h in children injured within an hour of a meal or
snack. When vomiting appears in children injured more than
an hour after a meal or a snack, it may be quite protracted
(mean = 7.5 h).” Their counterparts injured more than an
hour after a meal or snack are likely to remain distressed much
longer and are best admitted to hospital.”” Sharma et al., men-
tion that one third of paediatric HI were brought to hospital
with vomiting, however, the incidence of vomiting in this
study is 16% (Table 9); this is probably due to the inclusion of
older age groups.”” The incidence of post-traumatic seizure by
the time the HI-patients presented to the Emergency Depart-
ment, is quite low, (1.4%), and is similar to other studies.”**’
This is probably due to the mild profile of HI in this study.
Table 6 shows the lack of family supervision to 69(60.5%)
HI-victims at time of accident. Only 45(39.5%) had family
supervision at time of accident, most of the children below the
age of 14, a problem that has been addressed by many
authors.*” Although many accidents have taken place outside
residential areas, such as on the roads while going to or coming
back from school, the authors think that it is the duty of the
family to provide a state of child watch in order to avoid such
unfortunate events. Moreover, although this study does not
report the occurrence of accident at schools, however,
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Hammarstrom et al., have reported HI occurring at school
sites,* therefore, it is advisable to extend children supervision
to school premises. According to the pattern and site of the
fractures (Table 7), there were fissure fracture 97(69.1%) out-
numbering other types of SF; this is probably due to the more
diffuse distribution of the biomechanical energy input rather
than to the localized injury site that results in the depressed
and comminuted SE. Most of the patients who had the fissure
SE were children. Older patients had mainly the depressed
comminuted SF probably due to the inter-personal violence
(physical assault). The majority of SFs in this study has
involved the frontal, parietal and temporal bones, probably
because these sites are most prominent (apparent) and not
protected. Regarding the association of intracranial haemat-
omas with the presence of SFs, since this study involves
patients selected for having SFs, evidently, all intracranial hae-
matomas were associated with one or more SE It is a well
known fact in neurosurgical practice that the occurrence of
intracranial haematomas is accompanied by a higher inci-
dence of SFs. Kaye et al., analyzing a consecutive series of 200
cases of EDH, mention that a fracture overlies the haematoma
in nearly all (95%) adults and most (75%) children and that
66% of EDH are in the temporal region, 11% in the frontal
region and 7% in the parietal region.”® Other CT scan findings
are concerned, e.g., pneumocephalus, intracranial contusion,
SAH, and other lesions (Table 9), their presence is similar to
the huge studies mentioned in the neurosurgical literature,
though the incidence of various lesions may differ, some sub-
stantially. For example, while this study reports a low inci-
dence of intracranial pneumocephalus. Steudel et al, found
pneumocephalus in 40 out of 49(82%) of head injury patients
within 6 hours of the accident. They think that while injuries
associated with a pneumatocele or a single intracranial air
bubble have a good prognosis, as do frontobasal lesions, inju-
ries associated with multiple air bubbles have a bad prog-
¢ Some of such findings may represent a serious threat
to the patient and should prompt the neurosurgeon to adopt
active appropriate clinical measures that may include surgical
intervention.”** However, in certain circumstances, the neu-
rosurgical services department may take a social action e.g. in
case of a child abuse.”**

nosis.

Conclusion

Patients sustaining HI are mainly young age groups; males are
more involved than females. The main causes were FFH, RTA,
and assault. The majority of SFs are single, simple, and linear
in their patterns. Also, lack of family supervision was seen in
children with FFH. HI can be responsible for many of avoid-
able domestic events. Although the majority of cases had high
GCS scores indicating a mild degree of trauma, however, a
proper management and skilled care needed in order not to
miss a serious complication that may complicate aSF, as well
as, to effect recovery. |l
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