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sites of CSF leakage in myelography can be helpful in diagnosis of 
dural tears16,23). However, myelography is associated with difficul-
ties regarding patient’s tolerance and complications, such as infec-
tion or nerve injury. MR can detect spinal fractures, paraspinal 
soft tissue edema, and other injuries; however, detection of small 
dural tears <1 cm is difficult13,21). Beyond these images some stud-
ies of other predictable factors associated with dural tears have 
been conducted2,7,16). Lee et al.16), suggested the strong possibility of 
dural tear when there is a severely narrowed central canal with a 
more acute angle, more unstable laminar fracture, and wider in-
terpedicular distance at the level of burst fracture. Cammisa et al.7) 
insisted on the importance of lamina fracture, reporting that dural 
tears occurred only in the presence of a lamina fracture. Atlas et 
al.2) reported on a strong association of burst fractures with lami-
nar fracture. However, we have not encountered any clear guide-
lines for prediction of dural tears associated with lamina fractures.

The aim of this retrospective study was to determine the inci-
dence of dural tears in patients who had lumbar burst fractures 
with vertical laminar fractures, and to determine whether or 
not specific clinical and radiographic factors might be predic-
tive of dural tears. 

INTRODUCTION

Burst fracture is an unstable compression fracture, which in-
cludes at least the anterior and middle columns of vertebral seg-
ments, secondary to axial loading, usually with some flexion. It 
can cause lamina fracture, paraspinal tissue injury, hematoma, 
and dural tears. In the report by Ozturk et al.21), dural tears were 
detected in 25% of all low lumbar burst fractures. Burst fracture 
with dural tears can cause neural entrapment in itself, and cere-
brospinal fluid (CSF) leakage leading to meningitis and posttrau-
matic meningocele can occur. However, determination of their 
existence by clinical and radiological methods prior to surgical 
treatment is very difficult. Some studies have suggested that 
change of the retrospinal soft tissue signal in T1- and T2- weight-
ed images in magnetic resonance (MR) imaging or document 
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Indications for surgery included neurological impairment and/
or instability. Surgery was performed in patients with 50% or 
greater vertebral body compression and/or kyphosis measuring 
at least 20°. All patients had undergone surgery using the midline 
posterior approach within one week after injury; any dural tears 
or nerve root entrapment was replaced and repaired. All patients 
underwent posterior stabilization of their spine using transpedic-
ular screw rod systems. A total of 28 patients underwent treat-
ment with the posterior approach only, and 3 patients underwent 
treatment with the combined posterior/anterior approach due to 
progression of kyphotic deformity after posterior instrumenta-
tion and fusion. 

All patients with lumbar burst fracture with vertical lamina 
fracture were divided into two groups according to existence of 
dural tears, which was surgically confirmed (Table 1). Group A 

MATERIALS AND METHODS

From January 2003 to December 2008, we performed surgery 
on 123 patients at our institute in patients with lumbar burst frac-
tures. Among them, a retrospective analysis was performed in 31 
patients who had combined laminar fractures at the same level. 
Patients with multi-level fractures, combined disk herniation, ab-
sence of lamina fractures, or fracture/dislocation were excluded. 
A review of all hospital clinical records and radiographs for these 
patients was conducted. Neurological status was assessed using 
Frankel’s scale at the time of injury and follow-up evaluations 
were obtained. Plain X-rays, computed tomography (CT) includ-
ing sagittal reconstruction, and MR imaging were obtained in all 
cases. Review of CT and magnetic resonance imaging (MRI) im-
ages was performed by a musculoskeletal radiologist. 

Table 1. Data on the patients who had lumbar burst fracture with vertical lamina fracture 

No. Sex Age 
(yr)

Level of 
injury

Neurologic 
status Treatment

Absence of 
posterior fat 

pad 
signal

Lamina 
fracture 

site

Distance 
of separated 

lamina 
(mm)

Central 
canal 

enchroach-
ment (%)

Dural  
laceration

Angle of 
retropulsed 
segments 

(°)

Interpedicular  
distance 
(mm)

Vertebral  
compres-
sion ratio 

(%)
Group 1

1 M 55 L1 D E P+A + M 1 41 + 15 26 54
2 M 38 L2 A B P + L 2 74 + 47 35 54
3 F 53 L1 D E P + L 1 46 + 40 25 48
4 M 34 L4 B C P + M 5 66 + 45 38 35
5 F 33 L1 C D P + L 2 72 + 60 30 60
6 F 44 L1 C D P - L       2.5 66 + 50 31 65
7 F 41 L1 C D P + L 2 41 + 65 32 65
8 M 33 L1 C D P + L 1 35 + 30 30 55
9 M 29 L1 C D P + L 5 25 + 20 43 25

10 M 36 L2 C E P + L 3 62 + 40 32 17
11 M 43 L4 B D P + M 3 78 + 40 34 30
12 M 42 L2 D E P + L 5 75 + 40 32 50
13 M 49 L2 D E P + M 3 90 + 25 38 45
14 M 58 L1 C D P + L 1 64 + 50 29 55
15 M 39 L1 C E P + M 2 56 + 30 35 65
16 M 52 L1 C D P + L 2 71 + 35 32 65
17 M 30 L1 D E P + L 2 50 + 15 30 35
18 M 40 L3 B D P + M 2 80 + 30 30 40
19 M 52 L2 C D P + L 2 61 + 35 33 45
20 F 47 L2 C D P+A + M 2 88 + 45 34 65
21 M 38 L1 D E P + M 2 60 + 25 32 25

Group 2
1 F 64 L1 E E P + M 1 57 - 40 26 45
2 F 52 L1 C E P + L 1 42 - 50 26 45
3 M 45 L2 E E P + M 2 43 - 35 28 35
4 M 23 L5 D E P + L 0 65 - 30 38 40
5 M 57 L3 E E P - M 1 38 - 30 29 20
6 F 36 L1 E E P+A + M 1 42 - 50 27 55
7 F 40 L2 E E P + M 2 43 - 50 28 55
8 M 53 L1 E E P - L 0 15 - 35 28 50
9 F 57 L2 E E P + M 1 50 - 40 23 35

10 M 33 L2 D E P - L 1 43 - 30 31 20
*according to the classification of Frankel (initial examination at follow-up). a : anterior surgery, p : posterior surgery, + : occurred, - : not occurred, M : midline, L : lateral 
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gle of retropulsed segment was measured by the most acute an-
gle of the retropulsed segment in the sagittal plane (Fig. 3). Sites 
of laminar fractures were divided into midline and lateral posi-
tions. Laminar fractures involving the spinous process were re-
garded as midline laminar fractures. Also, distance of separated 
of lamina was measured in axial plane of CT (Fig. 4).

Chi-square test for neurological status, absence of a posterior 
fat pad signal, site of the laminar fracture, and two sample t-test 
for separation distance of the laminar fracture, IP distance, de-
gree of neural canal encroachment, the angle of retropulsed 
segment, and vertebral compression percentage were used for 
statistical analysis using the Statistical Package for the Social 
Sciences for windows 17.0. The level of statistical significance 
was set at p-value <0.05.

consisted of 21 patients who had burst fractures and laminar 
fractures with dural tears, which was confirmed during sur-
gery; group B consisted of 10 patients who had burst fractures 
and laminar fractures without dural tears. We investigated pre-
operative neurological status, absence of posterior fat pad sig-
nal, and site of the laminar fracture, and analyzed separation 
distance of the laminar fracture, degree of neural canal encroach-
ment, interpedicular distance, vertebral compression percent-
age, and the angle of retropulsed segment for their association 
with dural tears. Degree of neural canal encroachment was mea-
sured by the ratio of retropulsed bony fragment anteroposterior 
diameter and central canal anteroposterior diameter (Fig. 1); 
interpedicular distance was measured at the level of the widest 
point of fracture in anteroposterior (AP) view (Fig. 2). The an-

Fig. 4. The distance of separated lamina. The distance of separated of 
lamina was measured by gap of fractured lamina in axial plane.

Fig. 1. The degree of neural canal encroachment. The neural canal was 
measured with AP diameter of normal central canal (A) and encroached 
portion of central canal (B). The ratio of central canal encroachment was 
measured dividing B by A. 

Fig. 3. The angle of retropulsed segment. The angle of retropulsed seg-
ment was measured by the most acute angle of the retropulsed seg-
ment in the sagittal plane.

Fig. 2. The interpedicular distance. The interpedicular distance was 
measured between the pedicles on an anteroposterior radiograph.
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(p=0.006 and 0.015). These factors were 
suggestive of dural tears. Ratio of verte-
bral body compression was 47.5±14.7% 
for group A and 40.0±12.0% for group B 
(p=0.183), and the angle of retropulsed 
segment was 37.2±13.1° for group A and 
39±8.0° for group B (p=0.708).

Dural tears showed no significant as-
sociation with age, sex, level of injury, 
absence of a posterior fat pad signal, the 
angle of retropulsed segment, or site of 
laminar fracture. According to logistic 
regression, the preoperative neurological 
deficit was the most reliable factor, sug-
gesting dural tears, compared with other 
factors (Odds ratio=19.0, 95% confi-
dence interval=1.4-248.4). 

DISCUSSION

In the operative field of thoracolum-
bar burst fracture, dural tear is not an 
uncommon finding9). It can cause CSF 
leakage and this in turn can lead to 
pseudomeningocel, infection, meningi-

tis, or damage to neural structure. These are related to progno-
sis of patients. Furthermore, inappropriate spinal reductions 
without identification of dural tear can result in additional du-
ral tears and injury of neural structures. When we knows about 
the presence of dural tears preoperatively, operating time and 
efforts to find out and treat dural tears will significantly de-
creased, and the frequency of missing dural tear also be de-
creased. A number of studies have been conducted for evalua-
tion of many factors that can be considered in prediction of the 
incidence of dural tear; however, there are some controversies.

Argenson et al. reported greater frequency of dural tears in 
the lumbar area6). However, clinical or radiological diagnosis of 
dural laceration prior to surgery is very difficult. Identification 
of dural tears before surgery is important for prevention of fur-
ther neurologic injury and for promotion of neurological re-
covery during treatment of burst fractures.

In our study, we conducted a review of 31 patients who had a 
lumbar burst fracture with a vertical laminar fracture. Pre-op-
erative neurologic deficit, distance of separated lamina, ratio of 
central canal encroachment, and interpedicular distance were 
significant factors suggestive of dural tears.

Miller et al.18) reported the presence of dural tears and entrap-
ment of cauda equina in thoracolumbar fractures and advised 
surgical replacement of the roots and repair of the dura in order 
to prevent complications. They documented the presence of du-
ral tears and herniation of the nerve root in patients with thora-
columbar burst fractures associated with separation of pedicles, 
pointing out that neural elements were often entrapped between 

RESULTS

We performed a retrospective analysis of 31 patients who had 
lumbar burst fractures with combined laminar fractures. There 
were 21 males and 10 females enrolled in the study ranged in 
age from 23 to 64 (mean 43±9.9) years. Average follow-up peri-
od was 44 (range 6-69) months. Twenty-one (67.7%) of all pa-
tients had been confirmed to have associated dural tears (group 
A) and the remaining 10 patients not associated dural tears 
(group B). The clinical characteristics and each MR imaging 
findings of two groups were summarized in Table 1.

All patients (100%) in group A had a neurological deficit pri-
or to surgical treatment, whereas, in group B, the percentage of 
patients with a neurological deficit was 30% before surgery. A 
preoperative neurological deficit in the presence of a burst frac-
ture and an associated laminar fracture was a statistically signif-
icant predictable factor of dural tears (p=0.001). Although 24 
patients (77.4%) had a preoperative neurological deficit, Fran-
kel’s grade D or E results were obtained in twenty-nine (93%) of 
thirty-one patients after surgery.

Absence of a posterior fat pad signal was detected in 20 patients 
(95%) in group A and 7 patients (70%) in group B (p=0.087). 
Mean separation distances of the edges in laminar fractures in 
groups A and B were 2.4±1.2 mm and 1.0±0.6 mm, and were 
predictable factors of dural tear (p=0.002). In group A, mean 
decreased ratio of the central canal diameter was 61.9±17.0% 
and inter pedicular distance was 32.4±3.9 mm. On the other side, 
the parameters were 43.8±12.0% and 28.4±3.8 mm in group B 

Table 2. The values of each parameter and the statistical significance 

Group 1 (n=21) Group 2 (n=10) p
Sex 0.222
    Male 16 5
    Female   5 5
Age (average) 42.1±8.3   46.0±12.2 0.332
Level of injury 0.406
    L1 12 4
    L2   6 4
    L3   1 1
    L4   2 0
    L5   0 1

Neurologic deficit (+) 21 3 Before : 0.001 
  After : 0.003

Abcence of posterior fat pad signal 20 7 0.087
Laminar fracture site 0.441
    M   8 6
    L 13 4
Distance of separated lamina (mm)   2.4±1.2   1.0±0.6 0.002
Ratio of central canal encroachment (%)   61.9±17.0   43.8±12.0 0.006
Ratio of vertebral compression (%)   47.5±14.7   40.0±12.0 0.183
The angle of retropulsed segment (°)   37.2±13.1 39.0±8.0 0.708
Interpedicular distance (mm) 32.4±3.9 28.4±3.8 0.015

M : midline, L : lateral, + : occurred
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can cause narrowing of the spinal canal. Direct contact with a 
fragmented vertebral body and disc can result in development 
of a dural tear. Lee et al.16) suggested the strong possibility of du-
ral tears when MRI findings show a central canal severely nar-
rowed to less than one half by displaced bone fragments. In our 
study, ratio of central canal encroachment (p=0.006) was also a 
significant parameter representing dural tears in spinal burst 
fracture with laminar fracture.

There were some controversies over interpedicular distance. 
According to Cammisa et al., there was no statistical significance 
between dural tear and interpedicular distance18). However, Lee 
et al.16) suggested a strong possibility of dural tear when there 
was a wider IP distance (>28 mm). Interpedicular distance was 
also an important predictable factor of dural tear in our study. 
Mean interpedicular distance was 32.4±3.9 mm in patients 
with dural tears and 28.4±3.8 mm in those who did not have 
dural tears (p=0.015). 

In our study, dural tears showed no significant association with 
age (p=0.332), sex (p=0.222), level of injury (p=0.406), absence 
of a posterior fat pad signal (p=0.087), or site of laminar frac-
ture (p=0.441). Ozturk et al.21) reported on disappearance of 
signals in axial MRI posterior fat pads when there was a lami-
nar fracture and nerve root entrapment. In our series, twenty of 
21 patients with dural tears showed loss of posterior fat pad sig-
nals. However, seven of 10 patients without dural tears also 
showed absence of posterior fat pad signals. Contrary to our 
statistical results, several studies have shown that positive rela-
tion about fat pad signal and dural tears. Our study result did  
not reveal statistical significance like other previous studies. It 
may be due to small number of study group. Nevertheless, our 
result may reflect the tendency of relationship (p=0.087).

CONCLUSION

The result of this study revealed that dural tear might be sug-
gestive in cases of a preoperative neurological deficit, wide sep-
aration of the laminar fracture, severe canal encroachment, and 
wider interpedicular distance. If radiologic findings and predic-
tive factors strongly suggest possibility of a dural tear, surgeons 
will make an effort to find out the presence or absence of a true 
dural tear, even very small size around fracture sites. And, it may 
be helpful to decrease the frequency of missing a small size du-
ral tear in operative field.
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