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Objective. To analyze results of surgical treatment and correction of deformities associated with flexion-distraction injuries of the subaxial
cervical spine.

Material and Methods. A retrospective analysis of treatment results in 78 patients who underwent anterior and combined stabilization
of subaxial dislocations in 2010—2016 was carried out. The data of clinical examination and of MRI and MSCT studies were subjected to
statistical processing.

Results. Significant (p < 0.05) loss of the achieved intraoperative correction of shearing and kyphotic types of deformities was noted after
3 months in the group of patients with unilateral and bilateral articular process fractures treated by anterior spinal fusion.

Conclusion. Unilateral or bilateral articular process fractures accompanied by bilateral dislocations at the level of damaged spinal segment

are risk factors for the loss of post-traumatic deformity correction achieved after isolated anterior stabilization.
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To date, surgical treatment of unstable
injuries of the subaxial cervical spine
includes anterior, posterior, and com-
bined stabilization techniques. How-
ever, there are still no clear indications
for each of these techniques [1, 3, 4, 29].
Flexion-distraction injuries (FDIs) of the
cervical spine are unstable ones and often
accompanied by a neurological deficit
[8, 9]. An analysis of the international
literature data demonstrates that
approaches to choosing the optimal
technique for surgical treatment of
these spine injuries are contradictory.
Some authors argue the use of isolated
anterior or posterior stabilization after
reduction and decompression, while
others argue for combined stabilization
(16, 25, 39). There are several factors that
influence outcomes of isolated anterior
stabilization in FDI at the subaxial cervi-
cal spine level. Synovial joint injuries, end
plate and vertebral body fractures, and
osteoporosis are considered as the most
serious pathologies significantly contrib-

uting to the instability progression in the
postoperative period [15, 24].

The study objective was to analyze the
results of surgical treatment and correc-
tion of deformities in FDIs at the subaxial
cervical spine level.

Material and Methods

We analyzed medical histories of 78
patients with FDIs at the C3-C7 level in
the early period of spine and spinal cord
injury who underwent surgical treatment
at the Department of Spinal Pathology
of Novosibirsk Research Institute of
Traumatology and Orthopedics n.a.
Ya.L. Tsivyan in 2010-2016. The inclusion
criteria were as follows: bilateral
monosegmental FDIs at the subaxial
cervical spine level and the age over 15
years. The exclusion criteria included
polysegmental injuries, Forestier’s disease,
and ankylosing spondylitis (Bekhterev’s
disease).

We performed a retrospective cohort
study of three groups of patients. Group
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1 (n = 8) included patients with bilat-
eral articular process fractures; group 2
(n=28) included patients with unilateral
fractures of one or two adjacent articu-
lar processes at the dislocation level and
with an intact contralateral articular
process; group 3 (n = 42) consisted of
patients with bilateral dislocations, with
the articular processes remaining intact.
All patients underwent a full spectrum
of clinical and radiological examinations,
including MSCT and MRI, to determine
the morphology of bone-ligament and
intervertebral disc injuries, visualize the
spinal cord and nerve roots, and assess
the degree of neural structure com-
pression. Patients without neurological
manifestations underwent plain X-ray
of the cervical spine in direct and lat-
eral projections. Verification of injury
and indications for surgical treatment
were performed based on the Subaxial
Cervical Spine Injury Classification Sys-
tem (SLIC) [19] and Cervical Spine Injury
Severity Score (CSISS) [6], and the neuro-
logical deficit was assessed using the ASIA
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Impairment Scale (AIS). All patients with
or without neurological deficit under-
went urgent treatment using Richet -
Hueter one-step closed manual reduc-
tion of dislocation via skeletal traction
with a Bazilevskaya brace attached to
the parietal eminences, under increas-
ing loads. Then, if indicated, anterior
decompression and stabilization using
a porous titanium nickelide interbody
implant and an Atlantis anterior cervi-
cal locking plate (Medtronic) were per-
formed. Given the pronounced instabil-
ity of injuries, four patients from group 1
underwent combined (anterior and pos-
terior) stabilization. In groups 2 and 3, all
patients underwent closed reduction and
decompression of the spinal cord and
nerve roots, followed by anterior fusion
using the porous titanium nickelide
implant and fixation with the Atlantis
plate. External fixation with a Philadel-
phia collar was used in patients with and
without severe neurological deficit in the
postoperative period. The treatment out-
comes were analyzed using X-ray mor-
phometty of the stabilized vertebral seg-
ments at the dislocation level immedi-
ately after surgery and at 3 months. The
criteria of correction loss were as follows:
angulation of 11° or greater (according
to the Cobb method) and translation of
3.5 mm or more [15]. These criteria are
used by many authors as critical values in
assessment of angular and translational
deformities in traumatic dislocations at
the subaxial level [14, 15]. The forma-
tion of a bone-metal block was evaluated
using the classification by Tan et al. [33].
Statistical analysis of the obtained
data was performed using a nonpara-
metric Mann - Whitney U-test. Categori-
cal variables are presented as the mean
(M) and standard deviation (£SD). All
calculations were performed using the
Statistica 10.0 software package.

Results

The female : male ratio was 2 : 6 in
group 1, 2: 26 in group 2, and 5: 37 in
group 3. The mean age was 52.2 = 10.5
(31 to 63) years in group 1,40.6 + 17.3
(18 to 67) years in group 2, and 43.5
14.6 (20 to 71) years in group 3. A road

accident (57.0 %) was the prevalent
injury mechanism. The prevalent
injury level in all groups was C6-C7
(75.0 % in group 1, 40.7 % in group 2,
and 31.0 % in group 3). A neurological
deficit in group 1 occurred in 57.0 % (n =
4) of cases and manifested as spinal cord
compression syndrome. Patients of all
groups achieved complete correction of
translational and kyphotic deformities
immediately after surgery. The bone-
metal block was observed at the surgery
level upon assessment of treatment
outcomes 3 months after surgery. There
was no worsening of neurological deficit
in the postoperative period. In 30.0 %
of cases, there was an improvement in
the neurological status in the form of
improved motor and sensory functions.
A total or subtotal bone-metal block
developed at the surgery level in all
patients.

In group 1, there was no significant
loss of intraoperatively achieved correc-
tion of deformity in the segment. Patients
had the most severe injuries accompa-
nied by bilateral fractures. Before surgery,
the mean kyphosis angle in this group
was 10.8° £ 9.9°, and the mean transla-
tional displacement was 5.1 £ 2.9 mm
(Table 1).

After 3 months, loss of the intraop-
eratively achieved deformity cotrection
occurred in 50% of group 1 patients (n =
4) who wete operated on only through
the anterior approach. Cervical lordosis
correction of 4.9° £ 2.1° was achieved
immediately after surgery, which
decreased by 4.6° after 3 months. Trans-
lational deformity immediately after sur-
gery amounted to 0.0 = 0.3 mmy; after 3
months, the mean values of translation-
al deformity progressed by 3.6 mm and
eventually amounted to 3.9 + 1.0 mm.
These findings indicate a significant loss
of correction in this group, given the
selected criteria (Fig, 1).

In the other 50 % of patients (n = 4)
in this group who underwent combined
stabilization, there was no loss of the
intraoperatively achieved correction
of translational and kyphotic deformi-
ties in the segment. They had the most
unstable FDIs accompanied by bilateral
fracture-dislocations. In these patients,
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combined stabilization was initially
planned due to the pronounced insta-
bility and severe injury of the ligamen-
tous apparatus. Immediately after surgery,
the mean lordosis in the segment was
2.1° £ 2.2° after 3 months, it decreased
by 1.4° and amounted to 0.7° = 1.4° In
this group, translational deformity was
0.2 = 0.6 mm immediately after surgery
and increased by 1.4 mm to 1.6 + 0.9 mm
after 3 months (Fig. 2).

In group 2, a significant loss of the
intraoperatively achieved correction of
kyphotic and translational deformities
occurred in 16 (57 %) patients. Before
surgery, the mean kyphosis in the group
was 15.0 £ 9.7°, and the mean transla-
tional deformity was 6.5 + 4.5 mm. Intra-
operatively, lordosis was corrected to 4.1
+ 6.3°, and translational dislocation was
0.0 = 04 mm. Three months after surgery,
lordosis decreased by 4.1° and amounted
to 0.6° %+ 1.3°, and translational disloca-
tion amounted to 3.5 + 1.2 mm. Despite
X-ray signs of correction loss in this
group in the postoperative period, 52 %
of the patients developed neurological
improvements.

In group 3, before surgery, the mean
kyphosis was 15.5° £ 11.7°, and the mean
translational dislocation amounted to 4.5
+ 3.5 mm. Intraoperatively, segmental
lordosis of 5.0° + 6.1° and translational
deformity of 0.1 + 0.6 mm were achieved.
Three months after surgery, kyphosis
amounted to 3.8° + 5.4° and translation-
al dislocation was 0.4 £ 0.8 mm.

Despite the signs of postoperative
correction loss in group 2 patients, the
Neck Disability Index (NDI) demonstrat-
ed no decrease in the functional activity.
In statistical analysis, we formulated a
null hypothesis that the initial kyphotic
deformity was not significantly different
in the groups (Table 1). However, trans-
lational deformity values differed signifi-
cantly in groups 2 and 3 (Table 2).

Therefore, instead of the null hypoth-
esis, we adopted an alternative hypoth-
esis indicating the differences between
groups 2 and 3 in the initial translational
deformity. This was reasonable because
group 2 included patients with unilateral
articular process fractures and disloca-
tion, and group 3 included patients with
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Table 1
The results of statistical analysis of kyphotic deformity values in damaged cervical spine segments in

compared groups before surgery

Groups Groups
1 (anterior stabilization) 2
2 p = 0.3568 —
3 p=0.3138 p = 0.8324*
*p > 0.05.

Fig. 1

A 25-year-old male patient Ts. with fracture-dislocation at the C6-C7 level and a bilat-
eral fracture of the C7 superior articular processes; SLIC score — 7, CSISS — 17, Allen’s
grade 3 type: a — a lateral MSCT scan of the cervical spine before surgery; b — a lateral
X-ray immediately after surgety; ¢ — an X-ray 3 months after surgery; loss of intraop-
eratively achieved correction at the C6-C7 level is seen

Fig. 2

A 29-year-old male patient K. with fracture-dislocation at the C6—C7 level and a bilateral
fracture of the C6 inferior articular processes; SLIC score — 7, CSISS — 18, Allen’s grade 3 type:
a —a lateral X-ray of the cetvical spine before surgery; b — a lateral X-ray after surgery; ¢ — a
MSCT scan 3 months after surgery
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dislocations but without articular process
fractures, which confirmed the represen-
tativeness of the three groups.

The results of statistical analysis of the
data obtained 3 months after surgery are
presented in Tables 3 and 4. They dem-
onstrate the differences between groups
1 and 3 in kyphosis, which indicates the
reliability of the differences in indica-
tors between these groups. At 3 months,
there were significant differences in
the kyphotic angle between groups 1
and 3 as well as between groups 2 and
3 (Table 3) and in the dislocation val-
ue between groups 1 and 2 as well as
between groups 2 and 3.

These findings enable assessing the
representativeness of the three groups
as well as the reliability of the data indi-
cating the effect of articular process frac-
tures on radiographic outcomes of sut-
gical treatment of FDIs at the subaxial
level. No significant effect of age, gender,
and neurological deficit on the increase
in deformity in the postoperative period
was found.

Discussion

Cervical spine injuries are the most
severe variants of spine and spinal cord
trauma and are characterized by a variety
of fracture types, high risk of severe
neurological complications, and high
lethality [2, 18, 23, 38].

Cervical spine injuries and road acci-
dent traumas account for 2 to 10 % [9, 11,
17, 34] and up to 25 % [11, 17, 20] in the
structure of polytrauma patients, respec-
tively. According to some authors, cervi-
cal spine injuries account for 20-40 %
(1,2, 28] to 50-80% [11, 17] of all spine
injuries. C3—C7 injuries account for up
to 75 % of cervical spine injuries [1, 2, 29].
Dislocations at the subaxial level account
for 6-15 % of all cervical spine injuries
[17]. Injuries are more common in males
than in females and range from 1.8 : 1
to 3.5 : 1, respectively. The mean age of
patients is 49 years (4 to 94 years); males
account for 74% of patients [29]. The
C5-C6 and C6-C7 spinal motion seg-
ments are mostly prone to dislocations,
(30-40 %) and (40-60 %), respectively,
[15]. Up to 40% of unilateral and up to
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80% of bilateral dislocations are accom-
panied by intervertebral disc rupture [17].
In this case, up to 90% of bilateral sub-
axial dislocations are accompanied by
a neurological deficit of varying severity
(22, 27]. Bilateral fracture-dislocations
develop due to hyperflexia and distrac-
tion and are accompanied by complete
spinal cord injury in 65-87 % of cases
and incomplete spinal cord injury in
13-25 % of cases; the spinal cord remains
intact in less than 10 % of cases [26]. In
38-60 % of cases, vertebral dislocations
at the subaxial level are accompanied by
fractures of the vertebral bodies, articu-
lar processes, laminae, pedicles, and cos-
totransverse and spinous processes [22].

At initial stages of the evolution of
surgery for cervical spine dislocations,
most of surgical interventions were per-
formed through the posterior approach,
and the most frequent surgery was lami-
nectomy with various modifications of
bone grafting, especially in the case of
complicated injuries [7, 39].

Modern ideas about surgical treat-
ment of FDIs of the cervical spine are
based on the fact that surgery should
provide the earliest spinal cord decom-
pression, elimination of spinal canal
deformity, and reliable anterior, poste-
rior, or combined stabilization 39, 21].
Decompression of the spinal cord is
achieved by reduction of dislocation
using any of the existing closed or open
techniques, which restores spinal canal
clearance [30, 30).

According to the current domestic
and foreign clinical recommendations
for FDI, successful closed reduction
should be followed by either anterior, or
posterior, or combined stabilization of
an injured spine segment [26]. Isolated
anterior fixation of similar injuries after
reduction is not always effective, and loss
of correction and dislocation of fixation
implants can occur [39]. Failure of isolat-
ed anterior stabilization in FDIs is 7-25 %
and is caused by different factors [14].
This is mainly related to the morphology
of injuries, namely to the type of injury of
the articular processes and vertebral bod-
ies, presence of osteoporosis, degree of
kyphosis and translation, and severity of
injury to the ligamentous structures [31].

Table 2

segments in compared groups before surgery

The results of statistical analysis of translational deformity values in damaged cervical spine

in compared groups 3 months after surgery

Groups Groups
1 (anterior stabilization) 2
2 p = 0.5040 —
3 p = 0.5286 p=0.0211*
*p < 0.05.
Table 3

The results of statistical analysis of kyphotic deformity values in operated cervical spine segments

Groups Groups
1 (anterior stabilization) 2
2 p = 0.4879 —
3 p =0.0175* p = 0.0309*
*p < 0.05.
Table 4

The results of statistical analysis of translational deformity values in operated cervical spine

segments in compared groups 3 months after surgery

Groups Groups
1 (anterior stabilization) 2
2 p = 0.000001* —
3 p =0.0732 p = 0.0037*
*p < 0.05.

Henriques [12] believes that the tension
band mechanism is important for ante-
rior cervical stabilization, which is related
to the posterior longitudinal ligament
integrity. With the ligament being intact,
fixation of the anterior cervical plate
provides relative stability in the fusion
region, which leads to expected adequate
stabilization in the controlled position
[12]. Allen et al. [5] described four FDI
grades (Tig. 3): grade 1 — flexion sublux-
ation with the intact articular processes
and widening of the interspinous space;
grade 2 — unilateral dislocation; grade 3
— bilateral dislocation with displacement
of the body anteriorly up to 50 %; grade 4
- spondyloptosis (floating vertebra).

The tension band mechanism is
important for achieving complete
fusion in grade 1 and 2 FDIs (according
to Allen et al. [5]) accompanied by the

35

posterior longitudinal ligament integ-
rity. At the same time, grade 3 and 4 inju-
ries are accompanied by rupture of both
the posterior longitudinal ligament and
the deep muscles as well as interspinous
and supraspinous ligaments. In these
cases, the instantaneous rotation axis is
displaced to the plate and the tension
band mechanism does not work, which
leads to loss of correction and re-dislo-
cation. According to Henriques [12], an-
terior fixation is ineffective in 50 % of
grade 3 flexion-distraction injuries. In
this case, as noted in a study by Vaccaro
et al. [37], grade 3 FDI is characterized
by the frequent formation of traumatic
hernias at the dislocation level. There-
fore, this group of injuries requires an-
terior decompression and stabilization
in any case.
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An alternative approach is the use of
posterior fixation in FDIs. A biomechani-
cal study by Do Koh et al. [10] demon-
strated a significant advantage of poste-
rior lateral mass screw fixation compared
to anterior plate and screw fixation, as
well as the dependence of successful
anterior plate fixation on the posteri-
or longitudinal ligament integrity. Japa-
nese authors consider anterior surgery
in the case of traumatic intervertebral
disc herniations in persistent anterior
compression of the spinal cord. Tofuku
etal. [35] consider sequential combined
posterior and anterior stabilization to be
necessary in all cases of irreducible bilat-
eral dislocations. In this case, a surgical
intervention should start with posterior
open reduction. Steinmetz and Benzel

[32] believe that treatment of bilateral
dislocations can be carried out in several
ways: closed reduction, open posterior
reduction, and stabilization; open ante-
rior decompression, correction, and sta-
bilization. Anterior surgery is mandatory
for large disc herniations, which enables
direct open decompression of the spinal
cord. If anterior open reduction of dislo-
cation fails, correction and stabilization
from the posterior approach followed by
anterior stabilization are necessary; in the
literature, this sequence of procedures is
called “540° fusion” [32].

Therefore, we revealed signs of cot-
rection loss after anterior stabilization in
FDIs in the long-term period and deter-
mined the significant value of the con-
tribution of articular process fractures

o FE
e

Fig. 3

Grades of flexion-distraction injuries at the subaxial level [5, 14]
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to achieving stability in anterior spinal
fusion.

Conclusion

FDIs at the subaxial cervical spine level
accompanied by unilateral and bilateral
articular process fractures require
combined stabilization. The reliability
of anterior stabilization significantly
depends on the articular process
integrity; if the articular processes are
intact, anterior fusion provides necessary
fixation for the entire period of bone-
metal block formation.

The study did not bave sponsorship. The authors
declare no conflict of interest.
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