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IntrOductIOn
Head injury is a morbid condition resulting from structural changes 
in scalp, skull and/or contents of the skull, produced by the 
mechanical forces [1]. It is frequently encountered in road side 
accidents, assault, fall from height, sports injury, etc. [2]. Head injury 
creates substantial demand on health services as it is frequent cause 
of mortality and disability in young individuals. Nearly one quarter 
to one third of accidental deaths and two third of trauma related 
deaths are consequent to head injury [3]. Radiological examination 
of the skull is an indispensable part in the management of patients 
suffering from head trauma [4]. There has been revolution in the 
field of radiology with the invention of CT and MRI. Fracture of skull 
was first described as an X-ray finding in 1962 and by computed 
tomography (CT) in 1983 [5]. Presence of fracture skull on X-ray 
is indicative of more serious intracranial injury that is why skull 
radiographs are routinely performed [6]. The preliminary evaluation 
of head injury patients with skull films (X-rays) has been superseded 
by CT examination of the skull and brain. CT has now become the 
primary modality for evaluating patients with head trauma [7]. CT is 
now being recognized as the most critical imaging technique for the 
management of patients in the acute stage of closed head injuries. 
Axial non-contrast CT scanning is the gold standard technique 
[8]. While MRI has proved to be more sensitive than CT scan in 
the detection cerebral pathology, still CT has upper hand in the 
management of closed head injury patients in acute stage, which is 
due to its cost effectiveness [8].

In developing countries, the facility of CT scan is not available at 
large. In India, the primary health centres and peripheral hospitals 
still lacks the CT scan facility. They largely depend on the X-ray for 
primary evaluation of head trauma. Even when, the facility of CT 
scan is available, X-ray skull still being done in routine in conjugation 
with CT scan. The study was intended to determine the accuracy of 
X-ray in detecting skull fractures, comparing the same with autopsy 
and CT evaluation.

MAterIAls And MethOds
The present study was conducted in tertiary care institute of northern 
India. The medico-legal cases that died of traumatic head injury and 
brought for autopsy over a period of two years (September 2009 

 

to August 2011) were included in the study. Only those cases were 
selected who had underwent both X-ray and CT evaluation prior 
to death. Victims with massive destruction of head and who had 
surgical intervention were excluded from the study.

A detailed examination and dissection of the head as per standard 
forensic autopsy procedure was carried out. After dissecting the scalp, 
temporal muscles and denuding the periosteum the fractures on outer 
table were noted down. The cranium was opened with an oscillating 
saw by making a circular cut round the cranium, a little above the 
eyebrow ridges, keeping close to the reflected flaps of scalp. After 
removal of the skull cap, the dura was cut with scissors along the line 
of sawing and reflected. Brain was removed and then the dura mater 
was stripped from the base of the skull to facilitate its examination for 
the presence of fractures internally over the base of skull [9].

Apart from the preliminary entries, the radiological reports of skull 
radiographs and CT scan were collected from the hospital records of 
the deceased. The data collected was tabulated and comparatively 
evaluated.

stAtIstIcAl AnAlysIs
SPSS statistical software version 16.0 was applied to analyse the 
scientific data. Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and accuracy were determined by 
using 2 by 2 contingency tables for radiological (X-ray and CT) and 
autopsy, taking autopsy as gold standard and holding CT scan as 
gold standard while comparing with X-ray. 

results
Forty-two victims of head injury underwent both X-ray and CT 
evaluation prior to death. Out of 42 X-ray skulls, 20 (47.6%) showed 
fracture in skull; while during autopsy, fractures were found in 28 
(66.7%) subjects indicating that 19.1% fractures were missed on 
X-ray [Table/Fig-1]. CT showed fractures in 25 cases which signify 
that only three fracture were missed on CT scan as compared to 
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ABstrAct
Background: Head injury is the frequent cause of morbidity and 
mortality and frequently encountered in emergency department. 
Radiological examination of the skull is an indispensable part in 
the management of patients suffering from head trauma.

Aim: To determine the accuracy of X-ray in detecting 
skull fractures, comparing the same with autopsy and CT 
evaluation.

Materials and Methods: The medico-legal cases that died of 
traumatic head injury and brought for autopsy over a period of 
two years were included in the study. Only those cases were 

selected who had underwent both X-ray and CT evaluation prior 
to death. 

results: When compared with autopsy, X-ray missed 19.1% of 
fractures while 11.9% fractures missed in contrast to CT scan.

conclusion: Skull X-ray is of little benefit when a CT scan is 
obtained. It has no added advantage over CT scan. Whenever 
there is facility of CT scan is available, the patient of head injury 
should not underwent X-ray as it can only delay the diagnosis 
of an associated intracranial injury and exposes the already 
traumatised patient to harmful radiations.

[table/Fig-1]: Comparison of fracture skull labelled in radiograph and autopsy (n=42)

investigation no. of cases Fracture % % Missed on X-ray

X-ray skull 42 20 47.6 19.1

Autopsy 42 28 66.7
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[table/Fig-2]: Statistical evaluation of [Table/Fig-1]
CT - Computerized tomography,  Acc - Accuracy, , FN - False negatives, FP - False positives NPV - Negative predictive value, PPV - Positive predictive value, Sn – Sensitivity, Sp - Specificity, TN - True 
negatives, TP - True positives, # - Fractures

Finding tP tn FP Fn sn % sp % PPv % nPv % acc % Kappa p-value

# 20 14 0 8 71.4 100 100 63.6 80.9 0.625 <0.001

[table/Fig-4]: Statistical analysis of [Table/Fig-3]

Finding tP tn FP Fn sn % sp % PPv % nPv % acc % Kappa p-value

# 20 17 0 5 80 100 100 77.3 88.1 0.764 <0.001

the linear fractures at the vault and base of skull are probable to be 
missed in majority of the cases in routine CT scan and also a normal 
initial CT scan does not rule out development of delayed intracranial 
haemorrhage [17]. Yet CT scan is indispensible in evaluation of head 
trauma patients.

X-ray missed 19.1% of fractures when compared to autopsy, while 
11.9% missed when compared to CT scan in our study. It has 
been observed earlier also by Goel et al., that X-rays detect lesser 
number of fractures as compared to autopsy findings. Their study 
concluded that 63.6% of fractured were missed during X-ray when 
compared with conventional autopsy findings [18]. Thiruppathy et 
al., also stated that CT has upper hand over plain X-rays in detection 
of skull fractures [19]. X-ray has lower specificity and accuracy as 
compared to high-resolution CT scan in delineating skull fractures. 
The single fracture sensitivity was 71% by conventional CT and 
63% by X-ray [20]. Elrahim et al., in their study over 250 patients 
of head injury concluded that 1.3% linear fracture and 5.1% 
depressed fracture were missed on X-ray skull. X-ray did not detect 
single fracture over base of skull which was obvious over CT scan 
in 12 cases. Plain radiograph was also unable to detect associated 
intracranial haemorrhages i.e. extradural haemorrhage (EDH), 
intracerebral haemorrhage, haemorrhagic contusions which were 
visualized on CT scan [21]. The probability of an intracranial injury 
increases to fivefold in skull fracture. The meta-analysis by Hofman 
et al., concluded that plain radiograph is of limited clinical value in 
analysis of brain injury and its low sensitivity interdict its use [22]. 
Another study has pointed out that CT scan is more valuable in the 
evaluation of head injury. Many a times skull fracture is associated 
with intracerebral haemorrhage which would be improbable to 
diagnose clinically or by skull radiography alone [23,24].

Yousfani et al., also observed that CT scan had superior 
performance in precisely assigning the medico legal grade of 
head injury in contrast to plain X-rays. Out of 100 cases studied 
by them, X-rays in 21 cases of clinically moderate to severe head 
injury did not show any injury while CT scans in those cases showed 
04 fractures without dislocation, 04 fractures with dislocation, 09 
fractures with extradural haemorrhage and 04 fractures of skull with 
ruptured membranes [25]. A retrospective review of 1845 patients 
was performed by Masters SJ to evaluate the efficacy of skull films 
in acute head trauma. The study concluded that skull fracture alone 
rarely indicates more severe internal head injury. CT scan should 
be considered as primary diagnostic procedure of choice in cases 
having features of serious intracranial injury [26]. Increasing use of 
skull radiography in head injury didn’t yield any useful information 
and only add up the cost of medical care [27]. In an emergency 
setting numerous criterion like age and vitals of the patient, pupillary 
reaction, GCS score are noteworthy predictors for outcome in case 
of head injury. Still CT scan is long established radiological modality 
to describe the status of head injury patient. It is efficacious in 
management of head injury patients in golden hours without wasting 
valuable time [28]. 

autopsy. The sensitivity of X-ray for fractures was 71.4%, specificity 
100% with accuracy of 80.9%. Kappa was 0.625 which shows 
good agreement with p value of <0.001 which was statistically 
highly significant [Table/Fig-2].

On comparison of X-ray and CT, 11.9% fractures were missed on 
X-ray [Table/Fig-3]. The sensitivity of X-ray for fractures was found 
to be 80% with accuracy of 88.1%. Kappa was 0.764 which shows 
good agreement with p value of <0.001 which was statistically 
highly significant [Table/Fig-4].

dIscussIOn
It is not possible to detect every single linear fracture of the vault in 
routine skull radiographic examination. The delineation of a fracture 
on radiography depends upon the width and direction of the fracture 
[10]. The temporal bone fractures usually missed on X-ray [11]. Skull 
films are also suboptimal in revealing of fractures over base of skull 
[12]. Though plain X-ray can detect skull fractures, they are outdated 
now. CT scan with bone window is more accurate in detecting 
depressed skull fractures and more sensitive than skull radiograph 
[13]. Pfeifer & Pape reviewed several studies for missed injuries in 
trauma patients and observed that misinterpreted X-rays (15–34.9%) 
are main radiological factors contributed to missed diagnosis. Clinical 
inexperience (26.5%), assessment errors (33.8–60.5%), technical 
errors are additional contributing factors [14]. Cranial sutures are 
confused with fractures many a times on X-ray. Vascular marking 
may also be difficult to distinguish from fractures [11]. 

Although MRI is having more accuracy in diagnosing cerebral 
pathology, CT is considered the most critical imaging technique 
for the management of head-injured patients in the acute stage. 
CT is recommended even for patients with mild head injury having 
GCS>12 head injury who have the risk factors in form of either 
loss of consciousness, amnesia, over 60 years of age, seizure, 
previous neurosurgery, drinker, bleeder, drug abuse. A repeat CT 
should be done if the initial CT findings were abnormal but the 
patient’s status has changed within 24 hours after trauma. As the 
possibility of delayed intracranial haemorrhage cannot be ruled out 
[8,15]. CT scan also have inherent technical limitations such as 
beam hardening artefact and partial volume effect which may be 
responsible for failure to visualize the intracranial lesions. Goyal et 
al., studied the correlation of CT scan with post-mortem findings 
of acute head trauma cases. Out of 140 cases taken up for study, 
26% of fractures and 8% contusions of brainstem were missed on 
CT scan when compared with autopsy [16]. Pathak et al., in their 
study also highlights the fallacies of routine CT scan in detecting 
lesions close to the bone, e.g. subdural haemorrhage (SDH), 
subarachnoid haemorrhage (SAH) and basal contusions. Small 
contusions on the brain stem, cerebral peduncles, corpus callosum 
or thalamic/hypothalamic areas were also missed in 64% of patients 
on CT scan. CT scan detected fracture in 13 cases of head injury 
while it was obvious in 47 cases during autopsy. They observed that 

[table/Fig-3]: Comparison of fractures reported on X-ray and CT scan (n=42)

investigation no. of cases Fracture seen % % Missed on X-ray

X-ray skull 42 20 47.6 11.9 %

CT scan 42 25 59.5
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cOnclusIOn
The detection of skull fracture on conventional radiograph is an 
indication of serious intracranial injury. However, the diagnostic 
value of plain radiography is argued. The limited sensitivity of X-ray in 
detection of skull fracture makes it unreliable. CT is indispensible in 
the management of acute head injury patients. Skull radiograph is of 
little benefit when a CT scan is obtained. It has no added advantage 
over CT scan. Whenever there is facility of CT scan is available, 
the patient of head injury should not undergo Skull radiograph as it 
can only delay the diagnosis of an associated intracranial injury and 
expose the already traumatised patient to harmful radiations. 

AcknOwledgeMent
I am highly indebted to late Dr. B. L. Sirohiwal, who played a pivotal 
role in this work and with keen interest. 

reFerences
 Vij K. Textbook of forensic medicine and toxicology. 5th ed. Kundli: Elsevier; [1]

2011. pp. 270-86.
 Dhillon S, Kapila P, Sekhon HS. Pattern of injuries present in road traffic accident [2]

in Shimla hills. J Punjab Acad Forensic Med Toxicol. 2007;7(2):50-53.
 Jennett B. Epidemiology of head injury. [3] Arch Dis Child. 1998;78(5):403–06.
 Tress BM. The need for skull radiography in patients presenting for CT. [4] Radiology. 

1983;146:87-89.
 Bell C. Surgical observation. [5] Middlesex Hosp Jour. 1817;4:469.
 Youmans JR. Neurological surgery. 4[6] th ed. Philadelphia: WB Saunders; 1996. pp. 

1599-1600.
 Hagga JR, Dogra VS, Forsting M, Gilkeson RC, Ha HK, Sundaram M. CT and MRI of [7]

the whole body. 5th ed. Philadelphia: Mosby Elsevier; 2009. pp. 295-335.
 Toyama Y, Kobayashi T, Nishiyama Y, Satoh K, Ohkawa M, Seki K. CT for acute [8]

stage of closed head injury. Radiat Med. 2005;23(5):309-16.
 Mathiharan K, Patnaik AK. Modi’s medical jurisprudence and toxicology. 23[9] rd ed. 

New Delhi: LexisNexis Butterworths; 2006. pp. 357, 370-71.
 Schiwy-Bochat KH, Langen HJ, Althoff H. Limits for recognizing linear fractures of the [10]

cranial vault in radiologic diagnosis. Aktuelle Traumatol. 1992;22(2):57-60.
 Khan AN, Turnbull I, MacDonald S, Al-Okaili Riyadh. Imaging in skull fractures. [11]

Medscape [online] 2013 Aug [cited 2014 Dec 25]. Available from http://
emedicine.medscape.com/article/343764-overview. 

 Qureshi Nazer H, Harsh G. Skull fracture workup. Medscape [online] 2014 [12]
Aug [cited 2014 Dec 30]. Available from: http://emedicine.medscape.com/
article/248108-overview#a0112.

 Besenski N. Imaging of head injuries. In Marincek B, Dondelinger RF editors [13]
Emergency radiology: Imaging and intervention. Berlin: Springer; 2007. pp. 
100. 

 Pfeifer R, Pape HC. Missed injuries in trauma patients: A literature review. [14] Patient 
SafSurg. 2008;2:20.

 Feuerman T, Wackym PA, Gade GF, Becker DP. Value of skull radiography, head [15]
computed tomographic scanning, and admission for observation in cases of 
minor head injury. Neurosurgery. 1988;22(3):449-53.

 Goyal MK, Verma R, Kochar SR, Asawa SS. Correlation of CT scan with [16]
postmortem findings of acute head trauma cases at SMS Hospital, Jaipur. J 
Indian Acad Forensic Med. 2010;32(3):208-11.

 Pathak A, Singh D, Khandelwal N. Fallacies of routine CT scan in identifying [17]
lesions in severe head injury. Indian J Neurotrauma. 2006;3(1):37-42.

 Goel MK, Goel R, Kochar SR, Goel MR. Fracture of the temporal Bone: A [18]
tomographic v/s autopsy study. JIndian Acad Forensic Med. 2007;29(4):83-88.

 Thiruppathy SP, Muthukumar N. Mild head injury: revisited. [19] Acta Neurochir 
(Wien). 2004;146(10):1075-83.

 Mulroy MH, Loyd AM, Frush DP, Verla TG, Myers BS, Bass CR. Evaluation of [20]
pediatric skull fracture imaging techniques. Forensic Sci Int. 2012;214(1-3): 
167-72.

 Elrahim EA, Elzaki A, AbdElgyoum AM, Osman H. Computerized tomography [21]
imaging value in diagnosing head injuries, compared with conventional skull 
X-rays. Sch J App Med Sci. 2014;2(5D):1760-64.

 Hofman, PAM, Nelemans, P, Kemerink, GJ, et al. Value of radiological diagnosis [22]
of skull fracture in the management of mild head injury: meta-analysis. J Neurol 
Neurosurg Psych. 2000;68:416-22.

 Desita ZT, Mulugeta W. CT scan positive finding pattern of head injury at the [23]
university of Gondar hospital; North West Ethiopia Malaysian Journal of Medical 
and Biological Research. 2014;1:64-72. 

 Lloyd DA, Carty H, Patterson M, Butcher CK, Roe D. Predictive value of skull [24]
radiography for intracranial injury in children with blunt head injury. Lancet. 
1997;349:821–24.

 Yousfani GM, Sohail S, Memon MU. Radiological appraisal of moderate to severe [25]
head injury - Medicolegal implications. JLUMHS. 2010;09(03):121-24.

 Masters SJ. Evaluation of head trauma: efficacy of skull films. [26] Am J Roentgenol. 
1980;135(3):539-47.

 Bell RS, Loop JW. The utility and futility of radiographic skull examination for [27]
trauma. N Engl J Med. 1971;284:236-39.

 Tomar SS, Bhargava A, Reddy N. Significance of computed tomography scans [28]
in head injury. Open J Clin Diagn. 2013;3:109-14.

  PaRtiCulaRs oF ContRiButoRs:
1. Assistant Professor, Department of Forensic Medicine, SHKM Govt. Medical College, Nalhar, Mewat, Haryana, India.
2. Resident, Department of Microbiology, Pt. B. D. Sharma PGIMS Rohtak, Haryana, India.
3. Senior Professor and Head, Department of Radio-diagnosis, Pt. B. D. Sharma PGIMS Rohtak, Haryana, India.
4. Senior Professor and Head, Unit II, Department of Surgery, Pt. B. D. Sharma PGIMS Rohtak, Haryana, India.
5. Professor and Head, Department of Forensic Medicine, SHKM Govt. Medical College, Nalhar, Mewat, Haryana, India.
6. Associate Professor, Department of Forensic Medicine, Government Medical College, Patiala, Punjab, India.

naMe, addRess, e-Mail id oF tHe CoRResPondinG autHoR:
Dr. Hitesh Chawla,
Assistant Professor, Department of Forensic Medicine, SHKM Government Medical College, 
Nalhar, Mewat, Haryana-122107, India.
E-mail: drhiteshchawla@gmail.com

FinanCial oR otHeR CoMPetinG inteRests: None.

Date of Submission: Mar 04, 2015
Date of Peer Review: May 07, 2015
 Date of Acceptance: May 20, 2015

Date of Publishing: jun 01, 2015


