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Evaluation of vertebral fractures in patients presenting to
emergency department with trauma

Acil servise basvuran travmali hastalarda vertebra kiriklarinin

degerlendirilmesi

Murat UYSAL', Mehmet ESEN?

ABSTRACT

The aim of this study was to investigate the distribution of trau-
matic vertebral fractures according to their demographic featu-
res and anatomical localizations. The study included 351 patients
(211 males and 140 females) who presented to emergency ser-
vice with trauma. Totally 568 vertebral fractures were detected
on direct radiograms and computed tomograms (CT). Among all
568 fractures, 87 were in cervical, 221 were thoracic and 260
involved lumbar spine. Fractures were most commonly localized
to T12 and L1 vertebrae. Fifty-four patients had also a fracture
at different bones besides vertebrae. The most frequent cause
of the trauma was falls, followed by intra-, and extra-vehicular
accidents (IVAs, and EVAs, respectively). According to our results,
almost all of the vertebral fractures occurred due to high-energy
traumas such as IVMVA, EVMVA and falls from a height. Patients
presenting to emergency department because of high energy
traumas should be regarded to have vertebral fractures until
they are ruled out. In our opinion, CT should be used along with
anteroposterior, and lateral direct vertebral radiograms to comp-
lete evaluation of the entire spinal area and not to miss vertebral
body fractures.

Keywords: Vertebra, fracture, spine, computed tomography, direct
radiogram, trauma

(074

Bu ¢alismanin amaci, travmatik vertebra kiriklarinin demogra-
fik 6zelliklerine ve anatomik lokalizasyonlarina gére dagilimini
arastirmaktir. Calisma travma nedeniyle acil servisine basvuran
351 hastayr (211 erkek ve 140 kadin) icermektedir. Ug yiiz elli bir
hastada direkt grafiler ve bilgisayarli tomografi (BT) ile toplam
568 vertebra kirigi saptandi. Bes yiiz altmis sekiz kirik arasinda
87’si servikal, 221’i torakal ve 260’1 bel omurgasinda yer almak-
taydi. Kiriklar en yaygin olarak T12 ve L1 vertebralara lokalizey-
di. Elli dért hastada vertebra disindaki diger kemiklerde de kirik
saptandi. Travmanin en sik nedeni diismeler idi, bunu sirasiyla
arag ici motorlu ara¢ kazasi (AIMAK) ve arag disi motorlu arag
kazasi (ADMAK) izledi. Sonuglarimiza gére, vertebra kiriklarinin
neredeyse tamami diisme, AIMAK ve ADMAK gibi yiiksek enerji-
li travmalara bagl olarak meydana gelmekteydi. Yiiksek enerjili
travmalar nedeniyle acil servise basvuran hastalar aksi gésteri-
lene kadar vertebra kirigi olarak disiinilmelidir. Kanimizca, BT
tiim omurganin birlikte degerlendirilebilmesi ve vertebra cisim
kiriklarinin atlanmamasi agisindan iki tarafl direkt radyografiler
ile birlikte kullaniimalidir.

Anahtar kelimeler: Vertebra, kirik, omurga, bilgisayarli tomografi,
direkt radyografi, travma

INTRODUCTION

Although vertebral fractures are observed in only
a minority of patients presenting with trauma,
they are serious injuries in terms of mortality and
morbidity*2. Apart from the osteoporotic fractures
seen in the elderly people, vertebral fractures ge-
nerally occur as a result of high energy traumas?.
These fractures may have dire consequences, the-
refore it is best to take preventive measures before
they happen?*.

There is a marked increase in the number of ver-
tebral fractures and spinal cord injuries that are in
parallel with the increase in motor vehicle accidents
and falls from a height. Although treatment of ver-
tebral fractures is one of the most discussed topics
in orthopedic surgery, time to diagnosis has been
shortened with advanced imaging techniques, and it
has been possible to perform early surgical interven-
tions®. Considering patient density and limited time
in the emergency departments, it is very important
to evaluate patients for vertebral fractures promptly
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and make accurate diagnosis.

Radiological imaging should follow initial evaluation
and physical examination*®. When there is a suspici-
on of fracture after physical examination, direct radi-
ogram is performed in the first step, and computed
tomography (CT) is performed if it is necessary to exa-
mine the extent of damage. Thus, attempts have been
made to protect the patients from unnecessary high
dose radiation exposure during CT. However, among
the patients taken into operation, additional verteb-
ral fractures may be detected, which can be located at
a different region than has been detected with direct
radiogram. Therefore, many centers utilize CT as a first
step imaging method in order to detect both multiple
vertebral fractures and the accompanying pathologi-
es. In case there are neurological findings in patients,
magnetic resonance imaging (MRI) can be performed
in addition to CT®. Additionally, MRl is a useful tool for
the assessment of the integrity of the posterior liga-
mentous complex (PLC) of the spine following injury.
Decision-making with regards to surgical intervention
is often dependent on the presence of spinal stability.
Therefore, the use of MRI to evaluate patients with
spine injury has improved our understanding of these
injuries and has started to guide the decision-making
process for the treatment’.

It is very important for the physicians evaluating tra-
uma to have knowledge about which types of verteb-
ral fractures may be missed using direct radiograms
and not to overlook other fractures and pathologies
accompanying vertebral fractures. For this reason,
we investigated the vertebral fractures in terms of
the following features: (i) distribution of vertebral
fractures according to demographic features, (ii)
most frequent fracture types and their anatomical
localizations, (iii) radiological evaluation results of
fractures, (iv) major causes of fractures and (v) other
accompanying injuries in patients who had traumatic
vertebral fractures.

MATERIAL and METHODS

In this retrospectively designed study, 351 patients
diagnosed with vertebral fractures who presented

to the department of emergency medicine because
of trauma between January 2011 and January 2017
were examined by reviewing radiological archives
and patient records. AP, lateral radiograms and CT
images were used in the study. Direct X-ray radiog-
rams were performed in all patients for diagnostic
purposes. In only four patients, CT was not perfor-
med, and diagnosis of fracture was made based on
only direct radiograms in those four patients. Very
few patients had neurological findings and therefore
only eight patients were asked for MRI. Because of
the limited number of patients who underwent MRI,
we could not use the MRI findings in our study. Age,
sex, trauma type and other injuries accompanying
the fracture were recorded from patient records.
Fractured vertebrae were determined by examinati-
on of direct radiograms and CT images. Parts of the
vertebrae where the fracture was localized, including
body of vertebra, pedicle of vertebral arch, lamina of
vertebral arch, transverse process and spinous pro-
cess were determined. Additionally, vertebral fractu-
res were classified according to Denis classification
system that includes burst fractures, compression
fractures, fracture-dislocation and seatbelt (flexion-
distraction) fractures (Table 1). Statistical analysis for
the evaluation of the data was carried out using IBM-
SPSS 20.0 software. Student t test and chi-square test
were used for analyses. p<0.05 value was accepted
as being statistically significant.

Table 1. Denis classification of spinal trauma.

Fracture types

1. Compression

A Involvement of both end plates

B Involvement of superior end plate
C Involvement inferior end plate

D Both end plate intact

2.

A Fracture of both end-plates

B Fracture of the superior end-plate
C Fracture of the inferior end-plate
D Burst rotation

E Burst lateral flexion

3. Seat belt

A One-level injury

B Two-level injury

4. Fracture-dislocation

A Flexion-rotation type

B Flexion-distraction type
C Shear type
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RESULTS

The study group consisted of 351 patients (211 ma-
les and 140 females; range, 18-87 years, mean age
of 46 years) (Table 2). Mean age was slightly higher
for males (47 years) than females (44 years) but this
difference was not statistically significant (p=0.608).

Table 2. Distribution of patients according to cause of fracture.

Cause of fracture

Gender Mean age EVMVA IVMVA  Fall Gunshot
(yearstSD) injury

Male  47£21 29 (14%)™* 86 (41%) 91 (43%) 5 (2%)**

(n=211)

Female 44%19 6 (4%)" 47 (34%)° 86 (61%) 1 (1%)¥

(n=140)

Total 46120 35 133 177 6

EVMVA: Extra-vehicular motor vehicle accident, IVMVA: Intra-
vehicular motor vehicle accident.

*p<0.05, compared with female; ?p<0.001, compared with IVMVA
and Fall; ¥p<0.001, compared with EVMVA and IVMVA; ¢p<0.01,
compared with Fall; °p<0.01, compared with Fall.

There were mainly 3 types of causes for trauma as
EVA (extra-vehicular accident), IVA (intra-vehicular
accident) and falls (from a minimum height of three
meters) from a height. Vertebral fractures occurred
as a result of EVAs in 35 patients, IVAs in 134 patients
and falls from height in 176 patients (Table 2). Num-
ber of patients in the fall group was significantly hig-
her than EVA and IVA groups (p<0.001 and p<0.01,
respectively). In addition to these three types of tra-
uma, vertebral fractures occurred as a result of guns-
hot injury in only six patients.

Totally 568 vertebral fractures were detected in 351
patients (Table 3). Among all 568 fractures, 87 were
detected in cervical, 221 in thoracic and 260 in lum-
bar spine (Figure 1). Fractures were mostly localized
to lumbar vertebrae in the fall group (p<0.01) and
thoracic vertebrae in IVA group (p<0.05). There were
multiple vertebral fractures in 123 patients. Among
these patients, 25 had triple and 14 quadruple lum-
bar vertebral fractures. Only one patient had septet
vertebral fractures involving T4, T5, T10, L2, L3, L4
and L5 (Table 4). The remaining 83 patients had se-
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quentially double vertebral fractures localized to the
cervical, thoracic or lumbar spinal region.

Table 3. Number of patients and fractured vertebrae.

Type Number of patients Number of fractured
vertebrae

Cervical 56 (16%) 87 (15%)*

Thoracic 124 (35%) 221 (39%)

Lumbar 171 (49%) 260 (46%)

Total 351 568

*p<0.001, compared with thoracic and lumbar.
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Figure 1. Distribution of fractures by vertebral level.

Table 4. Patients with three or more vertebral fractures.

Patient Number of fractured Fracture level
vertebrae

1-4 3 C4, C5, C6

5 3 C7,T11, L1

6-8 3 T6,T7, T8

9 3 T8, L3, L4

10-13 3 L1, L2, L3

14-24 3 L3, L4, L5

25 4 T6, T8, T11, T12

26-28 4 T10,T11,T12,L1

29-39 4 L2, L3, L4, L5

40 7 T4,T5,T10, L2, L3, L4, LS

Fractures were most frequently localized to the ver-
tebral body (61%), followed by transverse (27%) and
spinous processes (7%) (p<0.001) (Table 5, Figure 2).
Additionally, fractures were detected in more than
one part in 5% of the vertebrae. Among 371 ver-
tebral body fractures, 270 had burst, 66 compressi-
on, 21 had seat belt fractures and 14 had fracture-
dislocations (p<0.001) (Table 6, 7).
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When 14 patients that did not undergo CT examina-
tion were excluded from the study, the diagnosis of
fracture could be made based on direct radiograms

Table 5. Distribution of patients and vertebrae according to the
fractured part of the vertebra.

Part of the vertebra Number of Number of

patients vertebrae
Body 246 347
Spinous process 25 42"
Transverse process 53 151°#
Body + transverse process 23 2474
Transverse process + spinous process 4 47405
Total 351 568

*p<0.001, compared with Body; ?p<0.001, compared with Spi-
nous process; “p<0.001, compared with Transverse process;
$p<0.001, compared with Body + transverse process.

Figure 2. Computed tomography images of vertebral fractures
in various patients. Arrow points at the broken vertebral body
of L3 (A), transvers process of T11 (B) and spinous process of T11
vertebra (C).

Table 6. Number of fractured vertebrae according to Denis clas-
sification system.

Fracture type Number of vertebrae

Compression 66"
Type A -
Type B 21
Type C 6
Type D 39

Burst 270
Type A 56
Type B 190
Type C 14
Type D 4
Type E 6

Seat belt 217
Type A 21
Type B -

Fracture-dislocation 14"#
Type A -
Type B -
Type C 14

Total 371

*p<0.001, compared with Burst; #p<0.001, compared with
Compression.

Table 7. Distribution of vertebral body fractures.

Fracture type

Type Compression Burst Seat belt Fracture-dislocation
Cervical 6" 41 - 10"

Thoracic 31" 109 17°¢ 4%

Lumbar 29" 120 4 -

Total 66" 270 217+ 14"#

'p<0.001, compared with Burst; *p<0.05, compared with Comp-
ression; *p<0.001, compared with Compression.

in only 172 of the remaining 337patients. Diagnosis
of 165 patients was made using CT, and fractures
133 of those 165 patients fractures were detected
at vertebral bodies (n=133), at transverse (n=18) and
spinous (n=14) processus (Figure 3). When CT was
regarded as gold standard, sensitivity of direct radi-
ogram was calculated as 51%.

Seventy patients had a fracture at different bones
besides their vertebral fractures. There were rib frac-
tures in 35 patients with thoracic or lumbar vertebral
fractures, and there were hip bone fractures in 18
patients with lumbar vertebral fractures. The remai-

Figure 3. Images show corpus fracture, transvers process fracture
and spinous process fracture detected by computed tomography
but not direct radiogram in the same patients. Axial (B, E, H), sa-
gittal (C, 1) and coronal (F) CT images and direct radiograms (A, D,
G) show vertebral fractures (arrow).
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ning fractures were localized to scapula, skull, clavic-
le, humerus, coccyx, sacrum, femur and tibia (Table
8). Other pathologies that accompanied vertebral
fracture were determined as pneumothorax, hemot-
horax, liver laceration, intracranial hemorrhage, pul-
monary contusion and retroperitoneal hemorrhage
(Table 8).

Table 8. Associated injuries in patients with vertebral fracture.

Fractured Number of Accompanying pathology Number of
bone patients patients
Rib 35 Intracranial hemorrhage 18

Hip bone 18 Pneumothorax 10

Skull 18 Pulmonary contusion 10
Sacrum 14 Hemothorax 7
Scapula 7 Retroperitoneal hemorrhage 4
Coccyx 7 Liver laceration 4
Clavicle 4 Splenic rupture 3
Humerus 4

Femur 4

Tibia 1

DISCUSSION

When all age groups are considered, vertebral frac-
tures generally occur as a result of high energy tra-
umas, whereas osteoporotic vertebral fractures are
commonly observed in elderly patients*®!, In the
study by Liu et al.?® and Erdogan et al.* investigating
traumatic vertebral fractures, patients were mostly
aged between 30-50 years (47 and 52%, respecti-
vely), whereas in our study patients were mostly
(46%) aged between 40-60 years and approximately
a quarter of the patients were over 65 years of age.
Osteoporotic vertebral fractures may occur without
trauma; nonetheless, our results suggest traumatic
vertebral fractures are also remarkably frequent in
elderly population. Previous studies have reported
that vertebral fractures were observed 1.9-3.3- fold
more frequent in men than in women?#11213_ Cont-
rary to these results, we found male-to-female ratio
as 1.5. Similar to our result, Roche et al.** and Erdo-
gan et al.'* reported male-to-female ratio as 1.6. Stu-
dies that indicated higher male to female ratios were
generally carried out in countries where the contri-
butions of women to the workforce were less than
those of men (e.g. Pakistan and China). This may be
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the reason for the differences between studies. The-
refore, low male-to-female ratio in our country may
be reflecting an increase in the incidence of vertebral
fractures in women as a result of their more contri-
bution to occupational and social life today.

Falls and motor vehicle accidents are two major ca-
uses of traumatic vertebral fractures. The most im-
portant cause in developing countries is fall from
tall heights. Most commonly, compression and burst
fractures are observed after falls, whereas fracture-
dislocations are most frequently observed after mo-
tor vehicle accidents*'>. Among all causes of fractu-
res, the incidence rates of falls have been reported to
range between 54, and 62% in various studies®*101316,
The fall from a height was observedly the most com-
mon cause of trauma at a much higher rate of 79%
among patients aged over 65 years who were admit-
ted to the emergency department?’. Unlike these stu-
dies Yousefzadeh et al.*® and Karacan et al.* said the
most common cause of vertebral fractures was MVAs.
In our study, the most frequent type of trauma was
fall with a rate of 52%. The incidence of EVA among
male patients was significantly lower than that of IVA
and fall. However, in female patients, falls were signi-
ficantly more frequent than both EVA and IVA.

Wang et al.2 examined vertebral fractures in trauma-
tic patients and the most frequently reported ver-
tebral fractures were localized at L1 (24%), T12 (15%)
and L2 (11%), in decreasing order of frequency. Roche
et al.» and Yousefzadeh et al.’® found that the most
common vertebral fractures involved T12 and L1. In
our study, fractures were most frequently localized
to T12 (12%), L1 (12%), L4 (10%) and L2 (9%). There
is a fulcrum of increased motion at T12-L1 junction,
therefore this area is more commonly affected from
spine trauma. When patients were divided into three
groups according to the trauma types (EVA, IVA and
fall) we found lumbar vertebral fractures were most
common in the EVA and fall groups. However thoracic
vertebral fractures were most common in IVA group.
Additionally, there was no cervical vertebra fracture
in any of the patients in the EVA group. Similarly, in
the study by Ustundag et al.?° involving only cervical
vertebral fractures in 34 patients, EVA was the cause
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of the cervical fracture in only one patient.

The first imaging study to be performed in patients
with suspect vertebral fractures is direct X-ray. In AP
and lateral radiograms, alignment of vertebrae, ver-
tebral body heights, interpedicular distances, zyga-
pophyseal joints, spinous processes and transverse
processes should be thoroughly evaluated. Another
diagnostic method is computed tomography (CT)
which can reveal fractures that are not detected
on direct radiograms, and show that fractures that
seem like compression fracture on direct radiograms
are burst fractures in fact. For this reason, CT is rou-
tinely utilized in many centers to determine the type
of fracture and to plan treatment. In our study, sensi-
tivity of direct radiogram was 51%, therefore diagno-
sis of fracture could only be made with CT that was
performed after direct radiograms were obtained
in 49% of the patients. Regarding the sensitivity of
X-ray radiography, previous studies have reported ra-
tes ranging from 33% to 74%2%%%. The different ratios
between reports may be due to the different number
of patients and vertebral fractures between studies,
and it may also be stem from using various types of
CT scans in these studies. In the light of the findings
of our study, it is understood that transverse process
or spinous process fractures compared the vertebral
body fractures more easily detected by X-ray radiog-
raphy. Berry et al.** evaluated 26 patients with thora-
columbar spine fractures and found 73% sensitivity
for X-ray radiography. In their study, they found 64%
of the fracture was at the transverse process that this
rate is significantly higher than ours, and this situati-
on may lead to differences between studies.

In our study, fractures were most frequently locali-
zed to the body of the vertebrae, followed by trans-
verse and spinous processes. Among vertebral body
fractures, 18% were compression, 72% were burst,
6% were seat belt fractures and only 4%of them
were cases with fracture-dislocation. Contrary to
our results, in the study by Erturer et al.®® including
372 patients, 57% of the fractures were compressi-
on type and 39% were burst type of fractures. With
aging abrupt thinning of the posterior cortex of the
vertebral body immediately medial to the base of the

pedicle occurs . This change in cortical thickness may
be abrupt enough to cause concentration of stress at
this site, which suggestively explains the reason why
burst-type fractures are frequently observed®. In this
consideration burst fractures may be determined at
a higher rate in our study, due to the higher mean
age of our patients.

Since vertebral fractures generally occur as a result of
high energy traumas, there is high risk for accompan-
ying injuries, which has been reported in the rates
of 43-78%, and include skeletal traumas and various
organ injuries®®?’. Erturer et al.® reported that 10%
of the patients had accompanying organ injuries,
whereas this rate was found as slightly higher in our
study (15%). Due to the increase in morbidity and
mortality, additional organ injuries in high-energy
vertebral fractures should be kept in mind®.

This study has some limitations. Firstly, it included
patients who were examined by radiograms and CT
images. Absence of MRI findings is the main limitati-
on of our study. Denis classification system was based
on data from radiograms and computed tomograms
(CTs). Although easily reproduced and well accepted
in many centers, it does not adequately guide for
surgical decision. Decision-making with regards to
surgical intervention is often dependent on the pre-
sence of spinal stability?®. The posterior ligamentous
complex (PLC) is believed to be one of the primary
soft-tissue stabilizers of the spine. MRI allows direct
assessment of the integrity of the PLC in the setting
of acute trauma’. Therefore, the use of MRI to evalu-
ate patients with spinal trauma has great importance
for the surgical decision-making process.

In conclusion, patients presenting to emergency de-
partments because of high energy traumas should
be regarded to have vertebral fractures until they are
ruled out. Considering that vertebral fractures could
not be detected using direct radiograms alone in al-
most half our patients, we believe that CT is neces-
sary for diagnosis in suspected patients along with
the routine two-sided direct vertebral radiograms. It
should not be forgotten that vertebral fractures may
be present at other non-neighboring levels, and the
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whole spinal area should be thoroughly evaluated. In
addition, to clarify differences in vertebral fractures
among years in the same country, future studies sho-
uld be designed periodically and collect data in order
to provide valid comparative data.
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