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Purpose: The purpose of this study was to evaluate the diagnostic accuracy of X-rays
in patients with acute traumatic vertebral fractures visiting the emergency department
and to analyze the diagnostic value of X-rays for each spine level.

Methods: We retrospectively analyzed basal characteristics by reviewing medical
records of 363 patients with adult traumatic vertebral fractures, admitted to the emer-
gency center from March 1, 2014 to February 28, 2017. We analyzed spine X-rays and
magnetic resonance imaging (MRI) scans to determine distribution according to the
vertebral level, and we evaluated the efficacy of X-rays by comparing discrepancies be-
tween X-rays and MRI scans.

Results: For a total of 363 patients, the mean age was 56.65 (20-93) and 214 (59%)
were males. On the basis of X-rays, 67 cases (15.1%) were of the cervical spine, 133
cases (30.0%) were of the thoracic spine, and 243 cases (54.9%) were of the lumbar
spine. In particular, the thoracolumbar region (T11-L2) was the most common, with
260 cases (58.7%). In X-rays, fractures were the least in the upper thoracic region (T1-
T3), whereas MRI scans revealed fairly uniform distribution across the thoracic spine.
Sensitivity of X-rays was lowest in the upper thoracic spine and specificity was almost
always greater than 98%, except for 94.7% in L1. Positive predictive value was lower
in the mid-thoracic region (T4-T9) and negative predictive value was slightly lower
in C6, T2, and T3 than at other sites. Diagnostic accuracy of X-rays by vertebral body,
transverse process, and spinous process according to fractured vertebral structures
was significantly different according to vertebral level.

Conclusions: Diagnostic accuracy of X-rays was lower in the upper thoracic region
than in other parts. Further studies are needed to identify better methods for diagno-
sis considering cost and neurological prognosis.
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INTRODUCTION

Vertebral fractures frequently occur in patients with acute
spinal injuries caused by trauma. It may have accompa-
nying damages including limb and pelvic fractures, head
injuries, thoracic, abdominal and genitourinary system
injuries, affecting treatment [1-3]. Spinal injuries may
lead to serious neurological sequelae. In particular, cer-
vical spinal injuries may present symptoms such as limb
paralysis, dysuria, dyschezia, and respiratory or circulato-
ry failure, that may lead to life-threatening consequences
unlike thoracic or lumbar spinal injuries [4,5]. In addi-
tion, recent studies have demonstrated that back disabili-
ty, increased days of limited activity, and bed days as well
as greater mortality are associated with vertebral fractures
[6,7]. Despite its severity, vertebral fractures are currently
underdiagnosed, and according to a study, only about one
third of all vertebral fractures come to clinical attention
(8].

Radiography is typically the first modality used to eval-
uate the spine after trauma when patients visit the emer-
gency department. An accurate radiography is critical
for diagnosis of vertebral fractures. Most of the existing
studies on diagnosis of vertebral fractures are limited to
non-traumatic pathologic fractures and few studies have
been conducted on traumatic fractures. Despite standard-
ization of radiographic reading, in approximately half of
hospitalized elderly patients, moderate to severe vertebral
fracture could not be diagnosed [9], according to a ret-
rospective study. In a similar multinational prospective
study, diagnostic accuracy of X-rays for vertebral fractures
was poor with 34% of false negative rating, but all of these
studies were conducted on patients with osteoporotic ver-
tebral fractures [10]. Regarding patients with traumatic
vertebral injury, magnetic resonance imaging (MRI) is
recently used in addition to simple radiography, and here,
for not only fractures, but also other diagnoses including
soft tissue injury such as muscle, tendon and ligament or
spinal cord injury may be detected through MRI [11,12].
However, there is a cost and time constraint to conduct
MRI in all trauma patients visiting the emergency depart-
ment to improve diagnostic accuracy of vertebral frac-
tures.

The goal of this study is to identify diagnostic accuracy

of X-rays in patients with traumatic vertebral fractures
visiting the emergency department (ED) and to analyze
the diagnostic value of X-rays for each spine level.

METHODS

Study population

This study selected those patients visited the emergency
center for 3 years (from March 1, 2014 to Febuary 28,
2017) and retrospectively analyzed their data. Inclusion
criteria of subjects in the study are as follows: 1) trauma
patients age 18 or older; 2) patients admitted through an
emergency center; 3) patients that underwent both X-rays
and MRI on vertebrae with fractures; and 4) patients
diagnosed with acute vertebral fractures based on MRI
readings.

The following patients were excluded from the study: 1)
patients with history of cancer or osteoporosis. In case of
osteoporosis, baseline T score of -2.5 SD or less according
to conservative criteria [13-15], or patients in preventive
medical treatment according to a recent trend were clas-
sified as osteoporosis [16,17]; and 2) patients that aborted
hospitalization (voluntarily discharged or transferred to
another hospital from the ED).

Of the 2,407 patients underwent spine MRI, 363
patients were finally enrolled in this study, excluding
patients who met exclusion criteria (Fig. 1). In terms of
these patients, basal characteristics such as age, sex, body
weight, vital signs (blood pressure, pulse and respiration
rate, etc.) and the level of consciousness Glasgow coma
scale (GCS) at the time of ED visit, injury severity score
(ISS) presented in the ED and injury mechanisms were
analyzed. For diagnosis, we used anteroposterior and
lateral radiograph of the vertebrae taken preoperatively.
All of radiologic evaluations including X-rays and MRI
were performed by a radiologist who was blinded with-
out participating in this study. We analyzed spine X-rays
and MRI findings to determine distribution according to
vertebral level, and evaluated accuracy of X-rays in the
diagnosis of traumatic vertebral fractures by comparing
discrepancies between X-rays and MRI findings.
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Total ED patients (h=276,701)
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Table 1. Patient characteristics

L
Traumatic vertebral fracture,
age =18 (n=36,600)
\ 4
Spine MRI performed
(n=2,407)
Lack of records (n=1,904)
Mo X-ray (n=12)
> No MRI reading (n=1)
Diagnosis other than acute
fracture(n=67)"
h 4
X-ray and MRI performed
(h=423)
Osteoporosis (n=40)
> Malignancy (n=18)
y Aborted hospitalized (n=2)
Analyzed patients (n=363)

Fig. 1. This figure shows study flow diagram of study population. The
diagnosis was based entirely on magnetic resonance imaging (MRI)
readings. For example, if a vertebral fracture was found on an X-ray or
computed tomography scan, but a diagnosis other than an acute frac-
ture was made on an MRI reading (suspicious fracture, old healed frac-
ture, strain, Sprain, contusion, ligament injury, etc.) were excluded from
the study (n=67). ED: emergency department. “Diagnosed as sprain
and contusion.

Statistical analysis

All calculations were conducted using SPSS version 22.0
(IBM Corp., Armonk, NY, USA), and null hypotheses of
no difference were rejected if p-values were <0.05. Data
were expressed as meantstandard deviation. Chi-square
test was taken for categorical variables. The sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated through cross-tab-
ulation analysis.

RESULTS

Regarding a total of 363 patients that participated in this
study, mean age was 56.65 (20-93), and 214 patients (59%)
were males. Mental status in visit to the ED was 14.71 of
GCS on average, and degree of injury was 10.91 on aver-
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Variables Value (n=363)
Age (years) 56.65+16.474
GCS score 14.71£1.318
ISS 1091+7.749
Weight (kg) 63.78+10991
SBP (mmHg) 129.58+23.962
DBP (mmHg) 78.58+15419
Pulse rate (/minutes) 80.61£14.082
Respiration rate (/minutes) 20.31£2.595
Body temperature (C) 36.757+0467
Sex
Male 214 (59.0)
Female 149 (41.0)
Injury mechanism
TA (passenger cars, vans, straw, trucks, buses, etc) 74.(204)
TA (non-motorized transportation means such as 6(17)
bicycles)
TA (motorcycle) 12(33)
TA (pedestrian, others: train, airplane, ship, etc.) 16 (4.4)
TA (unspecified) 1(0.3)
Fall 116 (32.0)
Slip down 83 (229
Stuck by person or object 21(5.8)
Machine 1(03)
Other or unclear 33(90)

Values are presented as meanzstandard deviation or number (%).
GCS: Glasgow coma scale, ISS: injury severity score, SBP: systolic blood
pressure, DBP: diastolic blood pressure, TA: traffic accident.

age of ISS. For injury mechanisms, falling was the most
common (32%), followed by traffic accidents (30.1%) and
slipping (22.9%) (Table 1).

In X-rays of a total of 363 patients, a total of 443 frac-
tures were found, and in MRI, a total of 713 fractures
were identified. Vertebral fractures were divided into cer-
vical, thoracic, lumbar, and sacral fractures according to
vertebral level, and also divided into vertebral body frac-
ture, transverse process fracture, spinous process fracture,
and pedicle, lamina and articular process fractures ac-
cording to fractured structures. Distribution by vertebral
level in the fracture site was provided in separate graphs
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Fig. 2. This figure shows the distribution of the fracture site according to the vertebral level for both X-ray and MRI as a separate graph. (A) X-ray, (B)

MRI. MRI: magnetic resonance imaging.

for X-rays and MRI, respectively, in Fig. 2. In X-rays, 67
cervical fractures (15.1%), 133 thoracic fractures (30.0%),
and 243 lumbar fractures (54.9%) were found in a total
of 443 injuries. In particular, 260 fractures occurred in the
thoracolumbar region (T11-L2), accounting for 58.7%,
most frequently found. In both X-rays and MRI, cases
were most frequently found in L1 (114 in X-ray vs. 121
in MRI), followed by L2 and T1. By spinal region, the
cervical region had C2 (including the odontoid) fractures
most commonly found in X-rays (22 fractures [32.8%]),
followed by C4 (11 fractures [16.4%]). While in MRI,
C2 and C6 were identical and most frequently found (27
fractures [21.3%]), followed by C7 (24 fractures [18.9%]).
In case of the lumbar region, as described above, fracture
cases in L1 were most frequently found, and the number
of fractures was decreased in order of L2, L3, L4, and L5
in both X-rays and MRI. Conversely, fracture cases were
most rarely found in the upper thoracic region (T1-T3) in
X-rays that had the most significant discrepancy between
X-rays and MRI, whereas relatively even distribution was
revealed throughout the thoracic region in MRI (Fig. 2).

Sensitivity of X-rays on traumatic vertebral fractures
varied by region, but it was the lowest in the upper tho-
racic spine. Specificity was almost always 98% or more
except for 94.7% in LI1. Positive predictive values were
low in the mid-thoracic region (T4 to T9), and negative
predictive values were almost always more than 90%, but
it was the lowest in C6, T2 and T3 with a slight difference
(Table 2 and Fig. 3).

Diagnostic values of X-rays by fractured vertebral struc-

tures are described in Table 3. Sensitivity, specificity, PPV,
and NPV of X-ray were identified in each vertebral body
fracture, transverse process fracture, and spinous process
fracture. Since the number of transverse process fractures
was small in cervical and thoracic regions, transverse
process fractures were analyzed only for fractures in the
lumbar spine. As a result, sensitivity was generally lower
compared to entire vertebral fractures or vertebral body
fractures, with L1 the highest (50%) and L5 the lowest
(14.3%). PPV was generally lower, and specificity and
NPV were adjacent to 98% or higher. Spinous process
fractures were analyzed only for fractures in the cervical
spine due to fewer incidences in the thoracic and lumbar
regions. Regarding spinous process fractures occurring
from C2 to C7 except C1 (Atlas) that have a different an-
atomical structure, diagnostic values of X-rays revealed
significant difference according to vertebral level. All of
the sensitivity, specificity, PPV and NPV were low in C2
(50%), and were relatively higher in C3 and C4. Sensitivi-
ty from C5 to C7 was lower than 40%, but specificity and
NPV were higher than 95% (Table 3).

DISCUSSION

When looking at distribution by vertebral level in the
fracture region, occurrence in the lumbar region was most
commonly found in X-rays and MRI. Particularly, 58.7%
of all vertebral fractures found on X-rays occurred in the
thoracolumbar region (T11-L2), similar to previous stud-
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Table 2. Diagnostic value of X-ray to detect vertebral frac-
tures

Vertebra Sensitivity  Specificity PPV NPV
al 429 100.0 100.0 978
Q2 81.5 100.0 100.0 969
3 70.0 994 875 98.3
4 68.8 100.0 100.0 971
5 375 994 85.7 944
€5 296 100.0 100.0 89.3
c7 292 99.5 875 916
T 77 100.0 100.0 94.3
12 8.7 100.0 100.0 899
T3 87 100.0 100.0 899
T4 125 994 66.7 91.7
15 26.3 99.3 833 91.5
T6 235 98.7 66./ 921
T7 438 981 700 944
T8 64.7 100.0 100.0 96.3
T9 400 981 66.7 944
T10 46.7 994 875 951
™ 387 993 85.7 939
T12 814 985 934 95.2
L1 86.0 94.7 91.2 914
L2 756 973 915 91.3
L3 545 99.2 93.8 910
L4 559 996 950 94.8
L5 26.7 99.3 66.7 964

PPV: positive predictive value, NPV: negative predictive value.

ies on patients with traumatic vertebral fractures [18,19].
In the cervical region, C2 was most frequently found in
X-rays, and in MRI, C2 and C6 were identically common-
ly found, also like previous studies [20-22]. In case of the
lumbar region, the number of fractures was the largest in
L1, and was decreased as it was close to the sacral region.
No occurrence of fractures in sacral region was found in
X-rays, and in MRI, the accurate level of sacrum was not
identified even if the fracture was observed. Thus, they
were not separately analyzed in this study. In case of the
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Fig. 3. This graph shows the sensitivity and specificity of X-ray accord-
ing to the vertebral level for the diagnosis of traumatic vertebral frac-
tures. The overall value of X-ray for the diagnosis of traumatic vertebral
fractures, including other values such as positive predictive value and
negative predictive value, is shown in Table 2.

thoracic region, the degree of diagnostic discrepancy be-
tween X-rays and MRI was the largest. Frequency was the
lowest in the upper thoracic region for X-rays, whereas
relatively even distribution was found throughout the
thoracic region for MRL

In this study, the diagnostic value of X-rays for trau-
matic vertebral fractures was diverse by region, but char-
acteristically, diagnostic accuracy was low in the upper
thoracic spine compared to other regions. As with similar
results, van Beek et al. [23] reported that they missed
22% of diagnoses on X-rays in 23 patients with traumatic
upper thoracic vertebral fractures, and Hugo and Dunn
[24] also reported that that they missed 22% of diagnoses
on X-rays in 33 patients with traumatic upper thoracic
vertebral fracture. In addition, Brandser and el-Khoury
[25] stated that the upper 3 to 4 thoracic vertebrae are
often poorly demonstrated on a standard lateral film due
to overlying soft tissues of the upper chest and shoulders.
Bohlman [26] drew attention to unique features of trau-
ma involving the upper thoracic spine and noted that due
to stiffness, considerable trauma is necessary to cause frac-
tures or fracture-dislocations in the upper thonacic spine,
and due to the narrow thoracic spinal canal and relatively
sparse blood supply in central thoracic spine, injuries of
the spinal cord are frequently associated with injuries of
the upper thonacic spine, and in case of neurological in-
jury, it is usually severe. In addition, Bradford et al. [27]
reported that multiple thoracic wedge compression frac-
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Table 3. Diagnostic value of X-ray to detect vertebral frac-
tures (according to fractured vertebral structures)

Vertebra Sensitivity ~ Specificity PPV NPV
Vertebral body fractures

@ 60.0 100.0 1000 989
Q 750 1000 1000 989
a 500 1000 1000 995
4 625 1000 1000 983
(@) 250 994 500 984
6 222 1000 1000 96.2
7 444 100.0 100.0 976
T 100 1000 1000 957
T2 50 100.0 100.0 909
T3 50 1000 1000 909
T4 71 994 500 23
T5 211 993 80.0 910
T6 200 987 60.0 9238
T7 429 981 66.7 951
T8 66.7 1000 100.0 969
T9 385 987 714 951
T10 571 100.0 100.0 96.3
™ 423 993 846 952
T2 833 985 932 96.0
L 893 955 917 94.1
L2 795 979 921 94.0
L3 64.1 996 96.2 951
L4 65.2 1000 1000 973
L5 200 997 500 98.7
Transverse process fractures in lumbar region

L 500 997 80.0 98.7
L2 455 993 714 980
L3 333 997 833 96.7
L4 400 997 80.0 980
L5 143 99.7 500 981
Spinous process fractures in cervical region

Q 500 500 500 500
Spinous process fractures in cervical region (continue)

a 929 988 86.7 994
4 750 994 750 994
a5 400 994 66.7 984
6 300 1000 100.0 96.2
7 333 1000 1000 956

PPV positive predictive value, NPV: negative predictive value.

tures are the primary exception to the rule that pure flex-
ion-compression injuries do not cause acute neurological
loss. Together, in interpreting results of this study of the

difference in the incidence of fractures between X-rays
and MRI in the thoracic spine and of the low diagnostic
accuracy of X-rays in the upper thoracic region, consid-
ering unique features of trauma involving upper thoracic
spine and the difficulty of diagnosing fracture by X-rays
in this region presented in other studies, the high index
of suspicion should be maintained in patients with trau-
ma involving upper thoracic spine regardless of fractures
found in X-rays. And we suggest that if a patient com-
plains of persistent pain in this region or if a severe injury
mechanism such as a fall or a traffic accident occurred
regardless of the degree of pain, additional examinations
such as computed tomography or MRI should be consid-
ered more aggressively than other regions [23,24,28].

Vertebral body fracture, when analyzed according to
the fractured vertebral structure, revealed similar patterns
of results compared to results for entire vertebral fractures
identified earlier, which caused by the fact that frequency
of vertebral body fracture was most frequently found in
vertebral fractures. Goldberg et al. [22] stated that verte-
bral body and odontoid fractures were significant because
these fractures account for the largest fraction of injuries
to specific part of the vertebrae and they are frequently re-
lated to spinous instability in the study conducted on 818
patients with radiographic cervical spine injuries where-
as spinous and transverse process fractures were often
clinically insignificant and unlikely to be associated with
spinous instability. In this study, the transverse process
fracture was analyzed only in the lumbar region, and di-
agnostic accuracy of X-rays was lower than that of the en-
tire vertebral fracture or vertebral body fracture described
above. Regarding the spinous process fracture, analysis
was conducted only in the cervical spine. The diagnostic
value of X-rays in fractures occurring from C2-C7 ex-
cept C1 (Atlas) that had different anatomical structure
revealed a significant difference by level. This was attrib-
utable to anatomical and structural characteristics of the
cervical spine as well as various injury mechanisms of the
cervical spine associated with it [29,30]. Other vertebral
fractures such as pedicle, lamina, and articular process
fractures were not analyzed separately due to the limited
number of occurrence.

As for limitations of this study, bone mineral density
was not considered. Due to incompletion of clinical re-
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cords, few patients identified their bone mineral density
(BMD) testing before hospitalization. Considering that
BMD of patients functioned as the greatest variable in a
number of studies conducted in patients with non-trau-
matic vertebral fractures, it was disappointing that BMD
could not be identified in our study. Further studies are
needed to analyze how traditional risk factors for osteo-
porosis, such as age and BMD, impact traumatic vertebral
fractures. Another limitation is that regions taken by
X-rays and the regions taken by MRI were not matched
1:1 in all cases of the subjects. X-rays were often taken in
other vertebral regions with and without fractures, but
MRI was often taken in one or two areas in which frac-
tures occurred. Therefore, the diagnostic value of X-rays
as a screening tool was underestimated. In addition, in
terms of fractures occurring in one vertebral level, two or
more vertebral structures were often fractured, and ad-
jacent vertebral fractures in higher and lower levels were
often found. These findings were not identified by X-rays
but often identified by MRI. In this study, diagnostic
value of X-rays was analyzed with absence or presence of
fractures in the applicable level, but in the future, a study
on the clinical degree of patient prognosis and different
treatment in case of fractures of complex region and
accompanying fractures in the adjacent vertebral level.
Economic aspects relative to the cost of MRI was not con-
sidered. The issue of the examination fee for MRI was not
solved, and it cannot be termed a universally appropriate
examination for spinal trauma patients. The most signif-
icant issue is that, when considering the severity of spinal
injuries, it cannot be judged simply by vertebral fractures,
but a number of diagnoses such as spinal cord injury or
ligament injury should be considered as well. Considering
the neurologic prognosis of the patient, the clinical signif-
icance of X-rays or MRI could not be confined solely to
vertebral fractures.

CONCLUSION

Diagnostic accuracy of X-rays was lower in the upper tho-
racic region than other regions, indicating the necessity of
additional examinations such as MRI that is more urgent
in this region than others. In the future, it is necessary to
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conduct studies to seek better methods for diagnosis, and
consider cost and neurologic prognosis in diagnosis of
traumatic spinal injuries.
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