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Abstract

Aim: We aimed to investigate the frequency of intra-abdominal injury in posttraumatic
isolated transverse process fractures (iTPF) and the factors affecting the injury, especially
the effect of the size of the fracture on the injury.

Materials and Methods: Patients’ age, gender, trauma type determined by Computed
Tomography (CT), fracture localization, separation distance of the fracture from the ver-
tebral body, neurological status, and non-vertebral organ injury, if any, were evaluated
retrospectively.

Results: Intra-abdominal injury was detected in 16 of 70 patients with iTPF included
in the study. The most common cause of iTPF was falls. Those with multiple TPF
had a higher rate of intra-abdominal injury. Liver injury was the most common type of
intra-abdominal injury. The separation distance of iTPFs from the vertebral body was
mean 5.81+1.9 mm in patients with intra-abdominal injury and 3.90+1.69 mm in patients
without intra-abdominal injury, and the separation distance was statistically significantly
higher in patients with intra-abdominal injury (p < 0.05).

Conclusion: This study showed that intra-abdominal injury may be common in cases
of iTPF. The severity of the trauma, the high number of fractures, and the length of the

fracture distances have caused organ damage to be seen more frequently.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed under
the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Transverse processes (TP) are the vertebral sections that
protrude to the sides, support the spine, and are attached
to strong muscles [1]. Isolated transverse process fractures
(iTPF) are fractures that do not spread into the lamina,
pedicle or facet and are considered stable [2, 3]. iTPFs
detected in the post-traumatic emergency department are
generally accepted as fractures that do not require neuro-
surgery, or orthopedic intervention and do not cause neu-
rological deficits [4].

Transverse process fractures (TPF) often occur after high-
energy trauma [5]. The preference for direct radiographs
has decreased due to overlooked existing fractures in di-
agnosis, and the detection of TPFs has increased further
with the widespread use of computed tomography (CT)
scanning [6]. TPF was detected in 7.3% of patients in
post-traumatic CT scans [7]. As a result of mild clinical
course, neurological stability, low hospitalization require-
ment, and symptomatic treatment; the demand for ortho-
pedic or neurosurgery consultations for iTPF patients is
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decreasing [8]. However, it has been reported that intra-
abdominal, genitourinary, or retroperitoneal injuries ac-
companying iTPF cases are common [8, 9].

We have seen that the relationship between the separa-
tion distance of the fracture from the vertebral body and
intra-abdominal injury has not been investigated in pre-
vious studies on iTPFs. Our study aimed to evaluate the
frequency and types of intra-abdominal injuries and the
factors that may affect the injury in thoracolumbar iTPF
cases.

Materials and Methods

In this study, which was approved by the Ethics Com-
mittee of Kafkas University Faculty of Medicine, date
22.09.2021 and number 200, thoracolumbar iTPF cases de-
tected by CT between 2018 and 2021 were examined. The
patient population consisted of patients who applied to
emergency department after acute vertebra trauma. Pa-
tient information was obtained from the hospital database
and archive files. iTPF; It was defined as the absence of
a fracture in the lamina, corpus, facet, or pedicle other
than the transverse process. Patients whose images could
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2.82 mm

Figure 1. Right T12 TPF (axial section)

Figure 2. Right L2 TPF (axial section)

not be accessed in the radiological report system, who had
multiple injuries, having a diagnosis of neoplastic or a pre-
vious pathological fracture, were under the age of 18were
excluded from the study.

The age, gender, trauma type, fracture location, num-
ber of fractures (single or two or more were considered
as multiple fractures), a distance of the fracture from the
vertebral body, and non-vertebral organ injury status of
the patients with iTPF were evaluated from the medical
records. Neurosurgeons measured the separation distance
of the fracture from the vertebral body. These measure-
ments were also confirmed by the report of the radiologists.
Non-vertebral organ injuries were detected by radiologist
reports. The separation distance of the fracture from the
vertebral body was measured in millimeters in axial sec-
tions using the PACS system (Figure 1, Figure 2).

In patients with multiple fractures, the fracture with the
highest separation distance measurement was included in
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Table 1. Average age of the groups

iTPF Ab- Surgi- Conser-
domi- cal vative
nal Treat- Treat-
injury ment ment
+iTPF
Fe- 4291 44.8 51.5 40.33
male n=24 n=5 n=2 n=3
Male 43.15 40.45 40.5 40.47
n=46 n=11 n=4 n=7
To- 43.07 41.81 44.16 40.4
tal n=70 n=16 n=6 n=10
(iTPF : Isolated transverse process fractures)

Table 2. Fracture etiologies and localizations

Parameters iTPF %(n) Abdominal injury %(n)
Male 65.8 (n=46) 68.75 (n=11)
Female 34.2 (n=24) 31.25 (n=5)
Fall 41.4 (n=29) 43.7 (n=7)
MVA 35.7 (n=25) 37.5 (n=6)
Blunt trauma 22.9 (n=16) 18.7 (n=3)
Lumbar single 28.5 (n=20) 18.7 (n=3)
Lumbar multiple 48.5 (n=34) 56.5 (n=8)
Thoracic single 2.9 (n=2) 6.25 (n=1)
Thoracic multiple 2.9 (n=2) 0

Thoracic + Lumbar 17.2 (n=12) 18,7 (n=3)
Single fracture 31,4 (n=22) 25 (n=4)
Multiple fractures 68,6 (n=48) 75 (n=12)

(iTPF: Isolated transverse process fractures, MVA: Motor vehicle
accident)

the evaluation.

Statistical Analysis

IBM SPSS 22 program was used for statistical analysis
of the data. Frequency distributions and crosstabs were
used as analysis methods. Statistical analyzes were per-
formed using the significance test (T-test) of the difference
between the two means. The result of p < 0.05 was con-
sidered statistically significant in the tests.

Results

A total of 70 patients with iTPF were included in the
study. The mean age for all patients was 43.07 years (18-84
years). Intra-abdominal injuries were detected in a total of
16 patients, 5 female, and 11 male. There was no statistical
difference between genders in the frequency of iTPF and
intra-abdominal injury (Table 1).

Considering the etiology of iTPF patients, the most com-
mon cause was falling with 41.4%. The most common type
of trauma causing intra-abdominal injury was falling with
43.8%. Their localization was in the lumbar region with
84.3% TPF and 68.6% of patients had TPF two or more.
TPF was most common in the lumbar region in patients
with intra-abdominal injuries, and it was two or more in
75% of these patients. We have seen that as the number
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Table 3. Characteristics of 16 patients with intra-abdominal injury after iTPF

Cases Sex Age Side Localization Single / Multipl Organ Treatment
1 Fall F 63 Right L1-2 Multiple Liver Conservative
2 Fall F 51 Right L2-3-4 Multiple Liver Surgery
3 Fall F 26 Right L2-3 Multiple Kidney Conservative
4 Fall M 25 Right L1-2 Multiple Liver Conservative
5 Fall M 56 Left T12-L1-L2 Multiple Spleen Conservative
6 MVA F 32 Left L1-2-3 Multiple Spleen Conservative
7 MVA M 44 Right L3-4 Multiple Liver Conservative
8 MVA M 33 Right T12-L1-L2 Multiple Liver Surgery
9 MVA M 36 Right L2-3 Multiple Kidney Surgery
10 MVA M 38 Right L3-4 Multiple Kidney Conservative
11 Blunt trauma M 27 Right T11-12-L1 Multiple Liver Surgery
12 Blunt trauma M 48 Left L1-2 Multiple Spleen Surgery
13 Fall M 45 Right T12 Single Liver Surgery
14 Fall M 34 Left L3 Single Kidney Conservative
15 MVA F 52 Left L3 Single Ureter Surgery
16 Blunt trauma M 59 Left L1 Single Spleen Conservative
(MVA: Motor vehicle accident, L: Lumbar, T: Thoracal, K: Kidney)
Table 4. T-test of study data .
“TPE Abdominal Surgical Conservative oo —‘7 _
injury + iTPF Treatment Treatment
Fe- 4291 44.8 n=5 51.5 n=2 40.33 n=3 6004
male n=24 ..E_
Male 43.15 40.45 n=11 40.5 n=4 40.47 n=7 E
n=46 1
Total 43.07 41.81 n=16 44.16 n=6 40.4 n=10
n=70 200
Groups N Mean Ss sd t p —
o Intra-abdominal bleeding
\:es No

of fractures increases, the probability of intra-abdominal
bleeding increases. However, this result did not differ
statistically. When we examined 16 patients with intra-
abdominal injuries; there were liver injuries in 7 (41.2%)
patients, kidney in 4 (29.4%) patients, spleen in 4 (23.5%)
patients, and ureter in 1 (5.9%) patient. Surgery was per-
formed in seven patients. Mortality did not occur in any
patient (Table 2, Table 3).

When the measurements of the separation of TPFs from
the vertebral body were made, it was found that the sep-
aration distance from the vertebral body was 4.324+1.91
mm on average, 5.81+1.9 mm in patients with intra-
abdominal injuries and 3.90£1.69 mm in those without
intra-abdominal injuries. There was a significant differ-
ence between the mean separation distance of TP from
the vertebral body in patients with intra-abdominal injury
and the mean separation distance of TP from the vertebral
body in patients without intra-abdominal injury (t=3.836,
p < 0.05). (Figure 3).

The calculated effect value (d=0.93) shows that the differ-
ence is large. In patients with intra-abdominal injury, the
separation distance of the TP from the vertebral body is
greater. According to this result, it can be said that the
increase in the separation distance of the TP from the ver-
tebral body is effective on intra-abdominal bleeding (Table
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Figure 3. The relationship between TPF dimensions and

the presence of intra-abdominal injury

4).
Otherwise, it was observed that there was no neurologi-

cal deficit in the retrospective examination notes of the
patients included in the study.

Discussion

Thoracolumbar iTPF is important injuries as they oc-
cur in approximately 10% of patients with severe verte-
bral trauma [10]. Motor vehicle accidents (MVA) followed
by falls have been reported as the most common cause of
iTPFs. Although less common, assault, bicycle accidents,
penetrating injuries, and sports accidents are also included
in the etiology [11]. In our study, falls were the most com-
mon cause, followed by MVA. iTPFs are not associated
with neurological deficit or structural instability [12, 13].

In this study, no signs of neurological damage were ob-
served in any patient with iTPF. Physical therapy sup-
port is rarely recommended with symptomatic treatments
such as painkillers, muscle relaxants, and orthoses in TPFs
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where mechanical stabilization is considered unnecessary
[5, 9]. Most studies have shown that surgical interven-
tion or corset application is not required in iTPF [4, 14].
Similar to the literature, no surgical intervention was per-
formed for fracture in the iTPF patients of our study. Pa-
tients with no additional pathology were discharged with
analgesia and corset recommendations.

Since TPFs generally occur after high-energy trauma, the
number of fractures indicates the severity of the injury
and is often seen in the lumbar vertebrae [16]. The reason
for this is that the psoas major and quadratus lumborum
muscles create a load on the TPs with strong traction dur-
ing trauma [17]. The fact that L2 and L3 TPs are thin,
long, and do not have structures to provide support causes
more fractures. The other frequently broken lumbar ver-
tebra is L1 [13]. iTPFs are stable spinal fractures of min-
imal concern for neurological impairment and, although
biomechanically insignificant, multiple sites of injury can
be observed because they are associated with high-speed
mechanisms [3]. The high rate of intra-abdominal in-
juries detected in iTPF in our study indicates that ad-
ditional pathologies that are clinically overlooked should
be paid attention to in these cases. In the presence of TPF,
hemodynamic parameters should be monitored and ultra-
sonography (USG) or contrast-enhanced abdomen CT of
should be used for a possible intra-abdominal injury [18].
However, USG is not sensitive enough to exclude intra-
abdominal injury, so CT is preferred for definitive diagno-
sis [19].

Non-vertebral organ injuries are more common especially
in TPFs of lumbar vertebrae [7]. The results we obtained
in this study are consistent with the literature, and TPF
was present in the lumbar vertebrae in 93% of patients
with intra-abdominal injuries.

In iTPFs, liver, kidney or spleen injuries can be seen most
commonly, and rarely bladder rupture and ureteral injuries
[1, 7]. In our study, the most common liver injury was
seen at a similar rate. We also found that the presence of
multiple iTPF increased intra-abdominal injury.

There is no previous study examining the relationship be-
tween the separation distance of TPs from the vertebral
body and intra-abdominal injury in iTPFs. Our study is a
first in this context. In the data we obtained, we observed
that the separation distance of TPFs from the vertebral
body is greater in patients with intra-abdominal injuries.
We can say that the increase in separation distance is ef-
fective on the intra-abdominal injury.

Limitations

Since the study was retrospective and the information on
the Injury Severity Scale was not included in every patient
in the epicrisis notes, it was not used as data in the study.
Another limitation is the inability to follow-up the patients
after discharge because they did not come to the controls.

Conclusions

In this study, it was shown that in addition to the large
number of iTPFs, an increase in the separation distance
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of the TP from the vertebral body may increase intra-
abdominal injury. Especially in the presence of iTPF,
emergency physicians should be more careful.
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