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Abstract

Background: Trauma is the leading cause of death in developing
countries. Head and neck trauma is one of the most common causes of
referral to the emergency department following injuries resulting from
motor vehicle accidents, sports, fights, and falls from heights. Cervical
spine injuries account for 2-3% of trauma patients. This study was
conducted to compare the accuracy of plain radiography and CT scan
in diagnosing cervical spine injuries in trauma patients in Shahroud
city.

Methods: This descriptive-analytical study was conducted using a
cross-sectional method and convenient sampling on 115 cervical spine
trauma victims referred to the emergency department of Imam Hossein
(AS) Hospital in Shahroud in 2018-2019. Data were collected using a
demographic information checklist. After collection, the data were
entered into SPSS version 23, WinPepi version 11.65, and MEDCALC
statistical software and analyzed using descriptive-analytical statistics.
Results: In this study, the results showed that out of 115 patients with
cervical spine injury, 59.1% were male and 40.9% were female. The
mean age of the patients was 39.8+15.3 years. Car accident, rollover
and motorcycle accident were the most frequent mechanisms of injury
to the patients with 39.1, 24.3 and 20.9% respectively. The sensitivity,
specificity, positive and negative predictive value, positive and negative
likelihood ratio and area under the Ruck curve for simple radiographs
read by an emergency medicine specialist were 55.56, 97.17, 26.5,
96.62, 19.63, 0.46 and 76% respectively. Also, the sensitivity,
specificity, positive and negative predictive value, positive and negative
likelihood ratio, and area under the Rock curve for plain radiographs
read by a radiologist were 0, 0.33, 66.67, 100, 100, 97.25, and 83
percent, respectively.

Conclusions: According to the results of the study, it can be stated that
plain radiography cannot be considered an appropriate tool to rule out
cervical vertebrae injuries caused by trauma. Also, taking radiography
may be a waste of time for faster and better diagnosis, as well as a
waste of money without achieving appropriate results, given the higher
accuracy of CT scanning. Therefore, it is recommended to use CT
scanning in case of clinical suspicion or if the radiography images do
not meet the standards.
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I ntroduction

Trauma is generally classified as penetrating (blow-in) and
non-penetrating (slow-in). The energy transfer and damage
generation are the same in both types of trauma. The only
difference between these two types is the degree of penetration
into the skin. In penetrating trauma, all the energy of an object
is concentrated on a small area of the skin. In non-penetrating
trauma, a large object whose energy is spread over a large area
of the skin does not penetrate the body. As a result, the impact
covers a large area of the body and the type of injury is less
focused.»? Trauma is now recognized as a major health
problem in different societies with different health, economic,
and social conditions. Iran ranks second in the world in terms
of mortality due to trauma.® Head and neck trauma is one of the
most common causes of emergency department visits following
injuries from motor vehicle accidents, sports, fights, and falls
from heights. Cervical spine injuries account for 2-3% of
trauma patients. However, due to the high mortality rate and
complications, most cervical spine fractures occur at two
levels. About one-third of them occur at level 2C and half of
the injuries occur at level 6C or 7C.> 45 In addition to imposing
direct and indirect social and economic costs on society, trauma
causes temporary or permanent disabilities for individuals. This
problem affects the family, community resources, and the
systems involved, such that this issue has been introduced as
one of the priorities of the World Health Organization.5®

Due to the presence of major vessels, digestive nerve
conduits such as the spinal cord and esophagus, and the carotid
and vertebral arteries, the higher the level of injury, the greater
the likelihood of disability, neurological damage, and events
that may affect the person's entire life and future. The
association of cervical spine fractures with spinal cord injuries
can lead to neurological deficits and lead to many socio-
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economic problems. Delay in diagnosing lesions can cause
serious and irreversible damage to the patient, and timely
treatment and diagnosis can reduce the burden of the disease
and the resulting disabilities to some extent.® 10

The lack of a consistent approach to assessing cervical
spine injuries resulting from traumatic mechanisms that are
highly damaging is a common problem. Although validated
guidelines and strategies for assessing cervical spine injuries
reduce the incidence of missed and unrecognized lesions in
patients, they are not yet widely accepted and used by
clinicians.® 1 12 Currently, cervical spine injuries are assessed
using one or a combination of radiological diagnostic tools,
such as plain radiography, CT scan, and MRI,%315 CT scan and
MRI are the main imaging modalities for evaluating spinal cord
and spinal cord injuries; they are particularly useful for
confirming the exact location of the injury, assessing spinal
stability, and neurologic compromise. Imaging can describe all
spinal injuries. Despite the disadvantage of plain radiography
in diagnosing traumatic injuries due to the higher radiation
dose and higher cost of CT scan compared to radiography,
plain radiography is used in most cases in trauma patients.
However, in cases where the treating physician has a high
suspicion of cervical vertebrae injury and the radiography is
normal or has no suspicious findings, a neck CT scan is
prescribed at the discretion of the treating physician.®: 17

Methods of accident prevention and control in developing
countries have been less evaluated; therefore, any effort that
leads to the identification of deficiencies in related care and
their correction is of great value. Plain radiography and CT
scan are important tools available for the diagnosis of traumatic
neck injuries. Despite the emphasis of some physicians on
performing neck radiography for all trauma patients, the
discussion of performing CT scan for symptomatic patients and
the use of clinical decision-making systems to determine
patients requiring neck radiography has long been raised. On
the other hand, considering the high false negative rates in neck
radiography, many recommendations have now been made to
perform CT scan as the first diagnostic method, and in practice,
plain radiography has been given a much lesser role.18-20

A significant number of cervical vertebrae fractures cannot
be detected on plain radiographs, especially in patients with
severe injuries and without surgery. As a result, CT scanning is
used as an auxiliary method to better diagnose fractures and the
extent of damage. Plain radiographs are unable to create a clear
image of the cervical spine in about 72% of cases, which is
why the need for CT scanning is felt in cervical trauma.
Despite the disadvantage of plain radiographs in diagnosing
traumatic injuries due to the higher radiation dose and higher
cost of CT scanning compared to radiographs, plain
radiographs are used in most cases in trauma patients. Of
course, in cases where the treating physician has a high
suspicion of cervical vertebrae injury and the radiograph is
normal or has no suspicious findings, a neck CT scan is
prescribed according to the treating physician's opinion. Also,
according to the new guidelines of the Eastern Practice Trauma
of Surgery Association, the best screening method for
clarifying blunt neck injury is a CT scan of the occiput area up
to 1T.2022 |n addition, based on the results of various studies,
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plain radiography can detect about 60 to 80% of fractures,
while CT scan, with its high sensitivity and specificity, can
detect 97 to 100% of fractures.?® 2 Therefore, the present study
was conducted with the aim of comparing the accuracy of plain
radiography and CT scan in diagnosing cervical vertebrae
injury in trauma patients in Shahroud city.

Materials and Methods

This descriptive-analytical study was conducted using
convenience sampling on trauma patients with neck injuries
referred to Imam Hossein Shahroud Hospital in 2018-2019.
The sample size was calculated based on the study of Breen et
al.?®> and a confidence interval of 95%, accuracy of 7%, and
sensitivity of 85.2% for simple radiography. Finally, 115
subjects were evaluated. At the beginning of the study, a series
of inclusion and exclusion criteria were set. The inclusion
criteria for the study were: 1- Trauma to the cervical vertebrae
with midline tenderness according to the NEXUS criteria
(NEXUS criteria are a tool that physicians use to decide
whether adults are at risk of cervical spine injury or whether
they need to use radiographic imaging); 2- Age over 16 years;
3- non-pregnancy; and 4- Consent to participate in the study
and exclusion criteria. 1- The patient died before performing
paraclinical procedures. 2- They had a desire to withdraw from
the study at the time of imaging. A researcher-made checklist
was used to collect information, which consisted of two
sections. In the first part, the patient's demographic
information, cause and type of trauma were collected by the
emergency specialist (age, gender) and in the information
section, the findings of the radiography and CT scan were
recorded. Also, if the patient was conscious, consent was
obtained from the patient himself and if he was unconscious,
consent was obtained from the patient's companion or guardian.
After receiving the informed consent form, the patients were
referred to the radiology department for plain radiography and
CT scan of the cervical vertebrae. The radiology results,
including plain radiography and CT scan, were read by the
emergency medicine specialist in terms of variables such as
cervical fracture, cervical dislocation, associated lesion, cause
of injury and recorded in the checklist. Also, the
aforementioned images were reviewed and examined
separately by a radiologist and the checklist was completed
once by the radiologist without knowing the report completed
by the emergency specialist. In this study, CT scan findings
were considered as the gold standard. It should be noted that
the location and type of imaging device were the same in all
patients. In order to compare and examine the decision-making
made by both specialists (emergency medicine and radiology
specialists), their responses were compared for each individual
and their agreement coefficient for each imaging was examined
using the kappa statistic. The collected data were entered into
SPSS version 23, WinPepi version 11.65 and MEDCALC
statistical software for statistical analysis. Mean and standard
deviation were used to describe quantitative variables and
frequency and frequency percentage were used to describe
qualitative variables. Sensitivity, specificity, positive and
negative predictive values, positive and negative likelihood,
and area under the Rock curve were used to determine the
diagnostic value of simple imaging compared to CT scan. The
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kappa agreement coefficient was also calculated and a
significance level of less than 0.5 was considered.

Results

In this study, a total of 115 people were included in the
study, most of the participants were male (59.1%), 25-34 years

old (35%, 30.4%), self-employed (67%), education level below
diploma (63%), Midline Tenderness (68.7%), car accident
(39.1%) (Table 1), and the average age of the participants was
39.8£15.3 years.

Table 1. Frequency of subjects based on demographic variables, mechanism of injury

Variable Subgroup Frequency Percentage

68 59.1
Gender Woman 47 40.9
24-18 16 13.9
25-34 35 30.4
35-44 29 25.2

Age Group 45-54 15 13
55-64 12 10.4

65 and above 8 7
Housewife 35 313

Occupation Freelance 75 67
Employee 1 0.9

Student 1 0.9
Illiterate 19 17.6

. Undergraduate 68 63
Education Level Bachelor's Degree 20 18.5
Master's Degree and Doctorate 1 0.9

AMS 2 1.7
NEXUS Criteria Distracting Injury 34 29.6
Midline Tenderness 79 68.7
Car accident 45 39.1
Motorcycle accident 24 20.9
. . Rollover 28 243
Mechanism of Injury Pedestrian 6 55
Fall 10 8.7

Conflict 2 1.7

Most of the radiographs were taken from the C1-C5 and
C1-C6 vertebrae. According to other results, 93 and 94.8
percent of the people whose radiographs were evaluated by the
emergency medicine specialist and the radiologist, respectively,
were diagnosed as having no injury, and the frequency of
injuries diagnosed by the emergency medicine specialist was 8
injuries and by the radiologist was 6 injuries. (Table 2), People

without injury had the highest frequency (92.2 percent), which
was completely equal between the emergency medicine
specialist and the radiologist. On the other hand, the frequency
of types of injuries was almost the same between the
emergency medicine specialist and the radiologist, and the only
difference was the diagnosis of Spinos Process FX injury by
the emergency medicine specialist (Table 3).

Table 2. Frequency of injuries detected in plain radiography

Emergency medicine specialist

Radiology specialist

Injury T

njury Type Frequency Percentage Frequency Percentage
Compress FX 1 0.9 0 0
Spinous Process FX 1 0.9 0 0
Lamina FX 0 0 1 0.9
Odontoid FX 0 0 1 0.9
Other Injuries 6 5.2 4 3.5
No Injury 107 93 109 94.8

Table 3. Frequency of injuries detected on CT scan
Injury Type Emergency medicine specialist Radiology specialist
@ @ @ 9 | Shahroud Journal of Medical Sciences 2025;11(1)
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Frequency Percentage Frequency Percentage
Burst FX 1 0.9 1 0.9
Lamina FX 1 0.9 2 1.7
Spinous Process FX 1 0.9 0 0
Odontoid FX 1 0.9 1 0.9
Other Injuries 5 4.3 5 4.3
No Injuries 106 92.2 106 92.2

The number of images with cervical vertebra damage in
simple radiography was 5 cases and 103 cases of damage-free
radiography and 4 cases of false negatives (absence of damage
in radiography and definite presence of damage in CT scan).
Also, 3 cases of damage reported by radiography were detected
in CT scan results without damage (false positive) and based on
the calculated specificity for simple radiography (99.41-91.95)
97.17% has value and power to detect negative and undamaged
individuals. However, due to the high false negative cases
compared to the total number of patients, the calculated
sensitivity for simple radiography (86.30-21.20) is 55.56%.
The kappa index between simple radiography and CT scan was
calculated to be 56%, which is an average degree of agreement
(Table 4).

The number of images with cervical vertebra damage in
plain radiography was 6 cases and correct radiography without

damage was 106 cases, and false negatives were 3 cases
(absence of damage in radiography and definite presence of
damage in CT scan) and false positives (damage reported by
radiography was detected in CT scan results without damage)
were zero.Using the matching of the results of plain
radiography against CT scan which were examined by a
radiologist, the components of sensitivity, specificity, positive
and negative predictive value, positive and negative likelihood
ratio were calculated. Based on the results of the calculated
specificity for plain radiography (100-96.58) 100% has value
and power to detect negative and uninjured individuals.
However, considering the presence of false negative cases
against the total number of patients, the calculated sensitivity
for plain radiography (92.51-29.93) was 66.67% and the kappa
index between plain radiography and CT scan was calculated to
be 79% (Table 5).

Table 4. Comparison of simple radiography screening with CT scan in diagnosing cervical spine injuries by emergency medicine specialists

Screening indicators

False positive
True positive
False negative
True negative
Accuracy
Sensitivity
Specificity

Positive predictive value
Negative predictive value
Positive likelihood ratio
Negative likelihood ratio
Kappa index

H 0w

103
93.91 (87.86-97.52)
55.56 (21.20-86.30)
97.17 (91.95-99.41)
62.50 (32.12-85.45)
96.26 (92.53-98.17)
19.63 (5.57-69.15)
0.46 (0.22-0.95)
0.56

Table 5. Comparison of simple radiography screening with CT scan in diagnosing cervical spine injuries by radiologists
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Screening indicators

False positive
True positive
False negative
True negative

w o o

106

Accuracy 97.39 (92.57-99.46)
Sensitivity 66.67 (29.93-92.52)
Specificity 100 (96.58-100)

Positive predictive value 100
Negative predictive value  97.25 (93.34-98.89)
Positive likelihood ratio 0
Negative likelihood ratio 0.33 (0.13-0.84)
Kappa index 0.79
| 10
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According to Figure 1, the area under the Rock curve or the
overall accuracy of plain radiography versus CT scan for an
emergency medicine specialist was calculated to be 76.4%,
which is classified as a good accuracy level for the Rock curve.
The reported confidence interval is wide but is within the
significant level range. (Figure 1). According to the results of

Figure 2, the area under the Rock curve or the overall accuracy
of plain radiography versus CT scan for a radiologist was
calculated to be 83.3%, which is classified as a good accuracy
level for the Rock curve. Therefore, radiography can be
accepted for diagnosing injuries to the cervical vertebrae
(Figure 2).
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Figure 1. Area under the Rock curve in diagnosing injuries by emergency medicine specialists
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Figure 2. Area under the Rock curve in the diagnosis of injuries by radiologists

Regarding the Kappa score, both experts considered that
there was no damage to the cervical vertebrae in 105 cases of
plain radiography. However, in 6 cases, the opinions of the
emergency medicine and radiology specialists were different.
Therefore, the agreement between the two experts in
diagnosing injuries using plain radiography is 55.1%, which
indicates moderate to good agreement in the report of plain

radiography by both experts. According to both experts, in the
CT scan images, there was no damage to the cervical vertebrae
in 106 cases, and in 7 cases, both experts reported the same
damage. In only two cases did the two experts differ in
diagnosing the damage. Therefore, the agreement between the
two experts in diagnosing the damage using CT scan is 0.883,

11 | Shahroud Journal of Medical Sciences 2025;11(1)
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which indicates excellent agreement in the CT scan report by
both experts.

Discussion

The results of the present study showed that about 60% of
the subjects were male. In the study of Sabzqgabaei et al.?® about
70%, in the study of Saadat et al.?” more than 70%, Asadi et
al.l, Safaei et al.?® most of the subjects were male. In this
respect, the results obtained are consistent with other studies. It
seems that given that the prevalence of accidents and incidents
is higher in men, therefore the damage and injuries suffered by
men are more than women?®, the average age of the subjects
studied was 39.8+15.3 years and most of the patients were in
the age group of 25 to 44 years. In the study of Sabzqgabaei et
al.?® the average age was 32 years, in the study of Saadat et al.?”
it was 36 years, in the study of Asadi et al.! the average age
was 39 years and the most involved age group was 30-59 years.
In this respect, the findings are consistent with the results of
other studies. In a study conducted in England®, the findings
showed that demographic and social factors are associated with
the occurrence of consequences and injuries caused by head
and neck trauma. Considering that in our study, as mentioned,
most injuries were observed in the young age group, less than
40 years old and in men, this demographic pattern can be
considered as a result of high-risk behaviors of young people.
Also, considering the more active presence of men compared to
women in society and the greater use of personal vehicles, it
may be the reason for the higher prevalence of injuries in the
cervical vertebrae in men.

In our study, the most common mechanism of injury
leading to cervical spine trauma was traffic accidents and car
accidents. In the study of Sabzeh Ghobayi et al.?®, the most
common mechanism of injury was motor vehicle accidents
(83.3%). In the study of Saadat et al.?’, traffic accidents and
falls from heights were the most common mechanisms of
injury. In the study of Bahadur Khan in Mashhad3! and Heidari
et al.??, the most common mechanism of injury was reported to
be vehicle accidents. In a study in Taiwan3®, California®* and a
study conducted in Scotland®®, the findings showed that the
most common mechanism of injury in trauma patients was
injuries caused by motor vehicles. Due to the rapid increase in
mechanization of societies in different regions of the world,
traffic injuries are considered the most important cause of
trauma. Based on the results of the present study, it is seen that
only in 14 cases (6.12%) of patients did the radiographs taken
from the 1C to 7C cervical vertebrae completely display, which
is of great importance for diagnosis. Various factors such as the
patient's condition, patient weight, damage to other organs of
the patient can affect the correct position for simple
radiography and make it erroneous.

In our study, the sensitivity of plain radiography read by
emergency medicine and radiology specialists was 55.56 and
67.66 percent, respectively. The specificity of plain
radiography was 97.17 and 100 percent, respectively. All
injuries were identified by CT scan as the standard and gold
standard tools. This is while in the study conducted by Sabzeh
Ghobai et al.?® in hospitals under the auspices of Shahid
Beheshti University of Medical Sciences in Tehran, the
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sensitivity was 33.09 and the specificity was 80.48 percent. In
the study by Vigia et al.% in Austria, plain radiography had a
sensitivity of 63 percent, and in the study by Badihiolu et al.,
the sensitivity and specificity of plain radiography were 39 and
98 percent, respectively®. In the study by Saba et al., the results
showed that the sensitivity and specificity of CT scan in
diagnosing traumatic lesions of the cervical vertebrae were
between 70 and 90 percent®’. A study by Cain et al. in
California showed that CT scanning is more suitable for
evaluating the cervical spine than plain radiography®. Koum et
al. also showed that injuries to the cervical vertebrae that were
not detected on plain radiography can be correctly identified on
CT scanning®. The results of the study by Ramoz et al.
indicated that CT scanning has a higher sensitivity and
specificity in diagnosing traumatic neck injuries®. In a study
by Bach et al., plain radiography was able to detect 79% of
injuries to the cervical vertebrae®°. In another study, researchers
found that plain radiography detected 54% of cervical
fractures. While CT scanning correctly detected 9% of
injuries*, in a study by Bern et al., the sensitivity of plain
radiography was 60%%. Therefore, it seems that plain
radiography cannot be used as an appropriate tool to rule out
injuries to the cervical vertebrae caused by cervical trauma. To
be considered.

According to the findings of our study and other studies, in
order to better diagnose injuries to the cervical vertebrae due to
trauma, it is better to reconsider the request for a CT scan of the
neck for patients with trauma. The use of clinical decision-
making methods such as the neck nexus can help in better
diagnosing patients requiring imaging. Therefore, it is better to
first evaluate all neck trauma patients using simple
radiography. Considering the higher sensitivity and specificity
observed in the examination of radiography and CT scan by a
radiologist in this study and considering the skill and
experience of radiologists, it is recommended that all
radiographs be evaluated by a radiologist first, if possible.
However, if this is not possible due to the patient's emergency
conditions and the radiographs are reviewed by an emergency
medicine specialist, and if the radiographs taken do not meet
the required criteria for a standard image showing all cervical
vertebrae, image resolution, etc., CT scans should be used
directly in patients to examine trauma in the cervical vertebrae
to minimize false negatives.

In the present study, the positive and negative predictive
values of the radiographs read by the emergency medicine
specialist were 62.50 and 96.26 percent, respectively. While the
positive and negative predictive values of the radiographs read
by the radiologist were 100 and 97.25 percent, respectively.
This indicates that the radiologist was better able to distinguish
between actual injured and healthy cases based on the
radiographs. The kappa index obtained for radiography versus
CT scan in the emergency medicine and radiology studies was
56 and 79 percent, respectively, which again indicates that the
radiologist was more accurate in diagnosing injuries to
individuals. The strengths of this study include the lack of such
a study at the provincial and city levels, and the weaknesses of
this study include the difficulty in requesting different positions
and conditions for appropriate imaging using radiography, the
lack of standardization of imaging using radiography for clarity
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and number of cervical vertebrae, the lack of inclusion of
patients with acute conditions in the study, and the high weight
of the patients for CT scans and radiography.

Conclusion

According to the results obtained in our study, the accuracy
of plain radiography is very low compared to CT scan in
diagnosing injuries to the cervical vertebrae due to trauma. This
is due to the very low sensitivity of plain radiography in
diagnosing injuries. Also, taking radiography, given the higher
accuracy of CT scan, may result in wasting time for faster and
better diagnosis and also spending money without achieving
appropriate results; therefore, it is recommended to use CT
scan in case of clinical suspicion or if the radiography images
do not meet the standards.
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