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Objective. To clarify a significance of the risk factors for damage to the dura mater (DM) in fractures of the thoracic and lumbar spine.
Material and Methods. The study is based on the analysis of examination data and surgical treatment results of 350 patients with spinal
cord injury (SCI). Fractures of the thoracic spine were observed in 124 patients, and those of the lumbar spine in 226. The study included
167 operated patients who underwent posterior decompression at the fracture level using laminectomy and transpedicular fixation of the
injured spinal motion segment. There were two groups of patients: study group included 55 patients with DM rupture and control one —
112 patients without damage to the DM.

Results. Damage to the DM was found in 32.9 % of patients, the rupture was localized on the posterior surface of the dural sac. In patients
with rupture of the dura mater, ASIA type A and B neurological disorders were significantly more common (p = 0.00065). The DM dam-
age occurs significantly more often in patients with type C fracture according to the AOSpine classification, with multilevel spinal inju-
ries and combined SCI (Injury Severity Score more than 27.58 + 9.46 points). The most significant risk factors for the development of
DM ruptures are narrowing of the spinal canal at the fracture level by more than 50 %, a fracture of the vertebral arch, an increase in the
relative interpedicular distance of more than 20 %, and diastasis between the fragments of the arches by more than 2.5 mm.

Conclusion. The damage to the dura mater is a common complication of vertebral fracture. The prediction of dura mater rupture will al-
low optimizing surgical approach and improving the treatment outcome.
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Surgical treatment of spinal cord inju-
ry (SCI) has the following objectives: to
perform a full-fledged decompression
of the neurovascular formations of the
spinal column; to reduce and prevent
vertebromedullar or vertebroradicular
conflicts; to create an adequate bone
block and to restore the supportability
of the spinal column; and to restore
normal cerebrospinal fluid circulation
[1-3]. A crucial area of concern in spinal
surgery is damage to the dura mater
(DM) resulting in the formation of liquor
fistulas and liquorrhea. The DM rupture
can cause pseudomeningocele and
infectious complications, considerably
affecting the treatment outcomes.

The DM rupture caused by a vertebral
fracture may contribute to the prolapse
of neural structures into the DM defect
and their compression by bone frag-

ments at the fracture site. When there
is no preoperative diagnosis, this can
result in damage to these structures
during surgical interventions. Most fre-
quently, such injuries occur upon neu-
rological disorders, splitting of the spi-
nous process, and vertical laminar frac-
tures with the displacement of lamina
fragments [4-9].

According to various authors [4-16],
SCI at the thoracic and lumbar levels in
7.7-64.0 % of patients is accompanied
by DM rupture. The latter, as a rule, is
verified during surgery while decom-
pressing neural structures.

Today, spiral CT is the gold stan-
dard for defining bone pathology. This
diagnostic technique permits accurate
verification of various types of spinal
injuries. CT promotes the diagnosis of
even minor fractures of the posterolat-
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eral elements of the spinal canal walls
that are not visible on MRI [3].

An MRI of the spine is performed to
diagnose damage to soft tissue structures.
The resolving power of MRI is insuffi-
cient to visualize minor DM ruptures that
cause cerebrospinal fluid leakage. A DM
damage less than 1 cm cannot be directly
imaged on MRI [7, 11, 17, 18]. Lee et al.
[19] believe that it is impossible to visual-
ize the damage less than 4 cm in length.

Several studies have been conducted
[4-8, 10-16, 19-22] to evaluate the risk
factors for damage to DM in SCL. Accord-
ing to the authors, the most significant
factors are a laminar fracture [5-10, 12,
19, 22], wider separation of the laminar
fracture [6-8], narrowing of the spinal
canal at the fracture level [6, 8, 19], and
an increase in the interpedicular dis-
tance of the fractured vertebra [4, 6, 8,
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19]. Patients with DM ruptures are more
likely to develop neurological symptoms
[6, 8, 19]. Nevertheless, there is no con-
sensus among the authors on the prog-
nostic significance of various risk factors
[5,7, 8, 10, 14, 15, 23]. Moreover, inat-
tention to their detection at the preop-
erative stage results in diagnostic pitfalls
and incorrect surgical approaches. Addi-
tionally, it may lead to complications and
unfavorable outcomes.

The objective is to clarify the signifi-
cance of the risk factors for damage to
the dura mater (DM) in fractures of the
thoracic and lumbar spine.

Material and Methods

Patients

The study is based on the analysis of
examination data and surgical outcomes
of 350 patients with spinal cord
injury (SCI) treated in a neurosurgical
emergency department from 2014 to
2018. Fractures of the thoracic spine
were observed in 124 patients and those
of the lumbar spine in 226. A total of
167 patients underwent decompressive
laminectomy at the fracture level and
transpedicular fixation of the spinal
motion segment. Transpedicular fixation
of the spinal motion segment and
postural reduction of the spinal column
without laminectomy was performed in
73 patients. The ability to support the
spinal motion segment was restored
in 84 individuals by anterior fusion
and in 26 patients by vertebroplasty.
The fracture level varied from T3 to
L5 vertebra; most often, fractures were
localized at the level of T12-L3 vertebrae.
The terms of surgical intervention from
the moment of injury ranged from 3
hours to 23 days. The prospective follow-
up was from 3 to 18 weeks.

The DM rupture was detected only on
the posterior and/or posterolateral sur-
face of the dural sac. Patients who under-
went posterior decompression with lami-
nectomy and transpedicular fixation of
the spinal motion segment at the frac-
ture level were selected for analysis. The
retrospective study included 167 patients.
There were two groups of patients: study
group included 55 patients with DM

rupture and control one — 112 patients
without DM rupture. The distribution of
men and women: 101 : 66 (60.5:39.5 % =
1.53: 1.00). The mean age of patients was
38 (min — 17, max - 80). Among them
115 (689 %) patients had lumbar spine
fractures, and 52 (31.1 %) patients suf-
fered from thoracic spine fractures.

Surgical technigue

Patients were operated on in the neu-
tral prone position without attempts of
postural reduction. All individuals under-
went laminectomy at the level of the
fracture through an extended posterior
approach. The neural structures located
between the bone fragments of the frac-
tured vertebra were released. The integ-
rity of DM damaged areas was restored
by suturing or dural plastic surgery. All
surgeries were completed with trans-
pedicular fixation of vertebrae adjacent
to the damaged spinal motion segment.
There was also the formation of a block
of operated spinal motion segments.

Methods

The AOSpine classification was used
to evaluate the type of spinal injury
depending on the morphology and the
mechanism of injury [24]. It must be
pointed out that this classification has
been developed mainly for injuries of the
thoracic and lumbar spine.

Neurological disorders associated
with spinal cord injury and nerve roots
were rated on the ASIA scale [25]; the
concomitant injury severity was evalu-
ated on the ISS scale.

All patients underwent SCT of the
spine both at admission and over time.
The examination was performed on CTE
and ZTX tomographs with a slice spacing
of 2 mm. An objective assessment (lin-
ear dimensions, area, volume of the spi-
nal canal stenosis) was conducted using
standard measuring instruments of the
RadiAnt Dicom Viewer software. Before
the surgery, vertebral body, lamina and
pedicles were measured to select the
optimm size of the fixation devices.

During the CT data assessment, the
position of the fragments, the degree of
narrowing of the spinal canal, the pres-
ence of laminar fracture and the distance
between the fragments of the fractured
lamina, the interpedicular distance, and
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the localization of the fracture line were
considered. The spinal canal diameter
was measured in the anteroposterior
direction as the distance between the
middle of the posterior surface of the
vertebral body and the middle part of
the base of the spinous process at the
dural sac border. In the case of verte-
bral dislocation, the canal dimension was
measured in the part that has the most
pronounced narrowing in the sagittal
and axial planes.

The interpedicular distance on axial
CT slices was defined as the maximum
distance between the medial surfaces of
the pedicles of the vertebra (Fig. 1).

The value of the interpedicular dis-
tance of the fractured vertebra was calcu-
lated using the following formula:

(A+C)y2-B/(A+C)/2,
where A is the interpedicular distance
above the fracture zone; B is the
interpedicular distance at the fracture
level; and C is the interpedicular distance
below the injury area [20].

An essential characteristic of the clini-
cal material was the evaluation of the
luminal narrowing of the spinal canal at
the level of injury. It was detected by a
CT scan. The degree of narrowing of the
spinal canal was assessed using a similar
formula:

(A+C)/2-B/(A+C)/2,
where A and C are the anteroposterior
dimension of the spinal canal above and
below the fracture zone, respectively;
B is the anteroposterior dimension of
the canal at the fracture level (maximum
compression) [20].

The axial CT sections were used to
evaluate the morphology of the laminar
fracture. The laminar fractures were clas-
sified by anatomical integrity into com-
plete and incomplete [9]. The greenstick
fracture was attributed to incomplete
ones (Fig. 2).

Statistical analysis

Statistical analysis of the obtained
data and processing of materials was
performed using SPSS Statistics 22 for
Windows.

Parametric tests were used to com-
pare quantitative attributes of a normal
distribution. The non-parametric Mann —
Whitney U-test was used to evaluate the
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statistical significance of the differenc-
es between the two groups having an
abnormal distribution. The Pearson’s chi-
squared test was done to compare the
proportions of qualitative attributes. The
odds ratio (OR) was assessed. The Fish-
er’s exact test was calculated for 2 x 2
tables when the expected number even
in one group is less than 5. If p < 0.05,
the analysis results were considered sta-
tistically significant.

Results

The DM damage was found in 55 (32.9 %)
of 167 patients. Its absence was observed
in 112 (67.1 %) patients. In all patients
with DM rupture, it was found on the
posterior and/or posterolateral surface
of the dural sac. The dimension of a
damaged section ranged from 2 to 38 mm,
the area of a damage ranged 2 to 38 mm?,

There was no statistically significant
difference age between the patients with
and without DM damages in age (37 y.o.
(18; 73 y.0.) and 40 y.o. (17; 80 y.0.) in
the study and control groups, respective-
ly), the Mann—-Whitney test: U = 2762;
p = 0.32) and in gender (36 men and
19 women in the study group (65.5 and
34.5%) and 65 men and 47 women in the
control group (58.0; 42.0 %); the Pear-
son’s test: 2 = 0.85; p = 0.357).

A combined SCI was observed in
110 (65.9 %) patients, it prevailed in the
study group — 41 (74.5 %), and to a lesser
extent in the control group 69 (61.6 %).
A significant difference in the degree of
the combined injury severity was found.
Its average score on the ISS scale in the
group of patients with DM rupture was
32.00 points, in the group without dam-
age — 27.58 = 9.46 points (the Mann —
Whitney test: U = 982; p = 0.007).

The risk of DM rupture was higher
in patients with multiple and multilevel
spinal injuries, noted respectively in 31
(56.4 %) versus 40 (35.7 %) individuals in
the groups (OR 2.32; 95 % CI 1.16-4.29;
p=001).

Fractures of the thoracic and lumbar
spine in the groups occurred with almost
the same frequency (the Pearson’s test:
x*=0.79; p = 0.38). In the study group,
41 (74.5 %) patients had lumbar spine

fractures, and 14 (25.5 %) patients had
thoracic fractures. In the control group,
the injuries of the lumbar vertebrae were
found in 76 (67.9 %) patients; the tho-
racic spine injuries were found in 36
(32.1 %) patients.

Neurologically complicated injuries
were observed in 114 (68.3 %) of the 167
patients. The risk of neurological com-
plications in the study group was higher
than in the control group: 46 (83.6 %)
and 68 (60.7 %) patients, respectively
(OR 3.31;95% CI 147-7.43; p = 0.003).

Severe neurological disorders were
significantly more common among
patients with DM rupture. Spinal cord
injuries of grades A and B on the ASIA
scale were found in 15 (27.3 %) and

12 (21.8 %) people in the study group,
respectively. It was statistically significant-
ly less frequent in the control group: in
16 (14.3 %) and 9 (8.0 %) patients (for
plegia of type A — OR 2.25; 95 % CI 1.02-
498; p=0.042; type B — OR 3.19,95 % CI
1.25-8.13; p = 0.012). There was no sig-
nificant difference in the groups in other
types of spinal cord injuries with neuro-
logical disorder: for type C - 8 (14.5 %)
and 13 (11.6 %) cases (the Pearson’s test:
x> = 0.29; p = 0.59); for type D - 11
(20.0 %) and 30 (26.8 %) cases (the Pear-
son’s test: % = 0.92; p = 0.34), respec-
tively (Fig. 3).

The table shows the results of the ana-
lysis of risk factors for DM damage in SCI
in the studied groups.

Fig. 1

on CT (Dicom catalog)

Determination of the interpedicular distance on axial sections: a — the interpedicular
distance for a vertebra without fracture; b — a burst compression fracture with an
extension of the interpedicular distance; ¢ — measurement of the interpedicular distance

Fig. 2

Types of laminar fractures: a — incomplete type of laminar fracture (a greenstick
fracture); b — complete type of laminar fracture
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Type of fracture. In the study group,
the compression comminuted fractures
of types A3 and A4 according to the
AOSpine classification were found in the
groups in 19 (34.5 %) and 62 (55.4 %)
patients; distraction injuries with com-
pression comminuted fracture of the
vertebral body and rupture of the poste-
rior supporting structures (type B) were
detected in 15 (27.3 %) and 26 (23.2 %)
patients, respectively (the Pearson’s test:
x2=033;p=057).

The DM damage in the study group
was significantly more often detect-
ed in patients with rotational injuries
(type C) - 21 (38.2 %) individuals; in
the control group — 24 (21.4 %; OR 2.26;
95 % CI 1.18-4.59) individuals (Fig. 4).

Narrowing of the spinal canal.
The risk of DM damage significantly
increased with narrowing of the spi-
nal canal by more than 50 % (OR 16.05;
95 % CI 5.93-43.4; p < 0.01). Meanwhile,
luminal narrowing of the spinal canal
exceeding this indicator was found in
50 (90.9 %) of the patients in the study
group, and 43 (384 %) patients in the
control group.

Laminar fracture of the fractured ver-
febra. This is a significant risk factor for
DM rupture (OR 10.21; 95 % CI 4.24-
24.57; p <0.01). It was significantly more
common in the study group: 48 (87.3 %)
cases; in the control group — 45 (40.9 %)
cases.

There were no significant differences
between the groups among the patients
with fractured lamina and neurologi-
cal disorders. In the case of DM dam-
age, they were observed in 41 (854 %)
out of 48 patients; in the group without
DM rupture - in 32 (71.1 %) out of 45
(the Pearson’s test: % = 2.82; p = 0.093)
patients.

Type of laminar fracture. There was
no statistically significant difference in
the type of laminar fracture between the
groups (the Pearson’s test: %% = 0.89; p =
0.345). Both groups showed a complete
fracture type: 32 (66.7 %) patients in the
study group and 34 (75.6 %) patients in
the control group. In turn, a partial lam-
inar fracture (greenstick fracture) was
found in 16 (33.3 %) and 11 (24.4 %)
patients in the groups, respectively.

The distance between the fractured
laminar fragments. The risk of DM dam-
age significantly grew with an increasing
distance between the fractured laminar
fragments. In the study group, the aver-
age distance between the laminar frag-
ments was 3.31 = 140 mm; in the con-
trol group — 2.33 + 1.23 mm (OR 443;
95 % CI 1.85- 10.65; p < 0.01).

The relative value of the interpedic-
ular distance. The relative value of the
interpedicular distance made significant
differences in the compared groups. In
the group with DM rupture, the average
relative value of the interpedicular dis-
tance was 21 %; in the group without DN
damage — 11 % (OR 4.77; 95 % CI 2.33—
9.76; p < 0.01).

Discussion

In 1980, Miller et al. [20] were the first to
report on the ruptures of the DM posteri-
or surface in case of injury to the thoracic
and lumbar spine in combination with
a laminar fracture of the fractured
vertebra and damage to the spinal cord
or strangulation of cauda equina roots
between fragments of the fractured
vertebra.

A classical pattern of the spinal frac-
ture, accompanied by DM damage, is a
burst compression fracture in the tho-
racic or lumbar regions and a vertical

laminar fracture of a fractured vertebra.
The authors noted a high probability of
strangulation of the neural structures
between the fragments of the fractured
lamina and the development of neuro-
logical complications in these types of
fractures [4-9, 12, 13, 16, 20, 21].

An essential predictive sign is a green-
stick fracture of the anterior cortical lam-
inar plate in case of vertebral fracture
due to spinous process splitting. This
type of injury was originally described
by Denis [27]. In the case of a vertebral
fracture with a laminar fracture, the dural
sac contents are relocated posteriorly
between the fragments of the fractured
lamina. After the delitescence of the axial
load and the restoration of the position
of the fragments, the strangulation of the
DM and cerebrospinal nerves is possible.
This is especially typical for greenstick
laminar fractures [4, 7].

There is a high frequency of green-
stick laminar fracture in case of DM dam-
age (100.0 %) in patients with injury to
the thoracic and/or lumbar spine [4, 7].
Yet other researchers have pointed out
the rare occurrence of a greenstick lami-
nar fracture in case of DM damage (24.7-
27.5 %) in contrast to the complete lami-
nar fracture [6, 9].

According to our data, the combina-
tion of the vertebra body fracture and
the laminar fracture of the fractured ver-

27.3*

Patients
N
=
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8.3

39.3

26.8
20.0

11.6

. with DM damage D without DM damage
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Fig. 3

Distribution of patients depending on the severity of spinal cord injury on the ASIA
scale: " significant differences in groups; DM — dura mater
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Table

Analysis of risk factors for dura mater damage in spinal cord injury

Factors

Multiple and multilevel injuries, n (%) *

Neurological disorders, n (% )*
without disorders
with disorders
ASIA A
ASIA B
ASIAC
ASIA D
ASIAE
Interpedicular distance, %**
Spinal stenosis, n (%) *
less than 50 %
more than 50 %
Laminar fracture*, n (%)
yes
no
The distance between the Laminar fragments, mm™**

* The Pearson’s test; ** the Mann — Whitney test.

Study group (n = 55) Control group (n = 112) P Odds ratio
31 (56.4) 40 (35.7) 0.010 2.32
0.003 &3
9 (16.4) 44 (39.3)
46 (83.6) 68 (60.7)
15 16 0.042 2.25
12 9 0.012 3.19
8 13 0.590
11 30 0.340
9 44 0.003 &3
21 11 <0.010 4.77
<0.010 16.05
5(9.1) 69 (61.6)
50 (90.9) 43 (38.4)
<0.010 10.21
48 (87.3) 45 (40.2)
7(12.7) 67 (69.8)
3.31 + 1.40 2.33+1.23 <0.010 4.43

tebra is a significant risk factor for DM
damage. This combination of injuries was
noted in 87.3 % of the patients. In turn,
there was no statistically significant dif-
ference between the fracture type of a
laminar and DM rupture (p > 0.05). In
the group of patients with the DM rup-
ture, the complete type of the laminar
fracture was two times more common in
contrast to the greenstick fracture.

The mechanism of DM rupture and
strangulation of nerve structures in burst
compression fracture of vertebrae with a
laminar fracture has not been fully inves-
tigated. According to Cammisa et al. [5],
at the moment of injury, owing to the
influence of axial force, vertebral body
fragments are dislocated into the spi-
nal canal. This causes the dilatation of
the interpedicular space, which, in turn,
is accompanied by a high frequency of
laminar fracture. Pickett et al. [15] and
Denis et al. [22] reported the following:
in case of a burst compression fracture
of a vertebra with a laminar fracture, the
fragments of the vertebral body are dis-
placed into the spinal canal. In this case,
compression and dislocation of the dural
sac occur in the posterior direction, and

the rupture of the DM’s posterior sut-
face by the sharp borders of the frac-
tured laminar fragments. A statistically
significant relationship was shown by
Xu et al. [6] between the detection rate

of DM rupture at the laminectomy stage
and the narrowing of the spinal canal
by more than 50 % due to dislocation
of a fractured vertebral body fragment
into the spinal canal. This is typical for

%
60

50 1

40

30

Patients

204

27.3

38.2%

23.2

A

. with DM damage E] without DM damage

Fig. 4

The structure of spinal injuries in patients according to the AO Spine classification:
* significant differences in groups; DM — dura mater
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patients with SCI at the lower thoracic
and lumbar levels with laminar fracture
of a fractured vertebra. According to
these authors, two conditions are needed
for DM rupture in SCI to occur: the com-
bination of fractured lamina and the dis-
location of the fractured vertebral body
fragments into the spinal canal lumen.
According to our study, the disloca-
tion of fragments into the spinal canal
lumen and its narrowing by more than
50 % were risk factors for DM rupture.
Some researchers [4-8, 12, 20, 21]
have attempted to establish a relation-
ship between DM rupture and the devel-
opment of neurological symptoms. Cam-
misa et al. [5] and Miller et al. [20] believe
that a vertebral fracture in combination
with a laminar fracture is accompanied
by a neurological deficit with 100 %
sensitivity and 74 % specificity. In addi-
tion, there is a DM rupture. According to
Park et al. [8], these indicators are 100 %
and 78 %, respectively. Nevertheless, the
absence of neurological disorders in the
case of laminar fracture does not exclude
DM damage and/or strangulation of
cerebrospinal nerves [7, 10, 12, 20].
Several authors [4, 6, 8, 19] consider
an increase in the interpedicular distance
according to CT findings to be another
risk factor for DM rupture. According to
Lee et al. [19], DM rupture in patients with
the trauma of the thoracic and lumbar
spine and laminar fracture of a fractured
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