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Objective. To substantiate the principles of context-based optimal decision-making and technical choice in instrumental fixation of the
spine in trauma patients with neurologically uncomplicated isolated burst fractures of the thoracic and lumbar vertebrae.

Material and Methods. A comparative retrospective analysis of treatment outcomes of 206 trauma patients was performed. Patients of
Group 1 (n = 17) underwent anterior spinal fusion with anterior instrumental fixation through isolated open anterior approach, those
of Group 2 (n = 80) — open pedicle screw fixation, of Group 3 (n = 70) — posterior mini-invasive percutaneous pedicle screw fixation,
of Group 4 (n = 20) — open pedicle screw fixation with the extended laminectomy and reconstruction of the anterior column, and of Group 5
(n = 19) — open pedicle screw fixation and anterior fusion through an open approach. Non-parametric statistical methods were used.
Results. Open or minimally invasive posterior instrumental fixation of the spine with instrumentation systems including 6 screws for in-
complete burst fractures and 8—10 screws for complete burst fractures should be considered the best operative option in the immediate
post-traumatic period (up to 7 days) both from the point of view of convenience and safety of the patient and from the standpoint of max-
imally effective use of any hospital resources. The use of open anterior approaches for the reconstruction of the anterior spinal column
can be justified only when the time from injury exceeds 7 days, as a part of combined procedure, primarily in combination with minimally
invasive posterior pedicle screw fixation.

Conclusion. To date, decision-making and technical choice in instrumental fixation for neurologically uncomplicated isolated burst frac-
tures of the thoracic and lumbar vertebrae should be context-based. The decision-making algorithm should be built on the basis of the ex-
perience of the operating surgeon, the time from injury, the trauma patient’s state of health, as well as the administrative and logistical
context of provision of the specialized medical care.
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Nowadays, as there is no certainty

regarding which treatment option
(conservative or surgical) is preferable,
application of instrumented spinal
fixation techniques should be considered
justified for patients with burst fractures
of the thoracic and lumbar vertebrae
(types A3 and A4 according to the AO
fracture classification) [1, 2]. However,
the problem of adequate choice of the
operative measures still needs to be
solved.

Nevertheless, the core of the prob-
lem does not mean only the differences

between the three key variants of sut-
gical treatment (isolated anterior, iso-
lated posterior, and combined instru-
mented fixation) currently used to
reconstruct the normal anatomy and
functional state of the traumatized spi-
nal cord. Indeed, they all, with the use
of additional options (extended poste-
rior approaches or minimally invasive
surgical techniques), can provide for
achieving more or less similar favor-
able anatomical and functional out-
comes in the long run (3, 4]. That is
why, according to the realities of mod-
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ern life, adequacy of any surgical treat-
ment means its correspondence, on
one side, to the important parameters
of the patient’s state in each particu-
lar case, and, on the other side, to the
conditions of specialized medical care
delivered to the patient [5].

The objective of the study was to
substantiate the principles of situa-
tion-based optimal decision-making
and technical choice in instrumented
spinal fixation in trauma patients with
neurologically uncomplicated isolated
burst fractures of the thoracic and lum-
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bar vertebrae by performing comparative
analysis of the treatment outcomes.

Material and Methods

The study was carried out at two large
Russian centers of spine surgery, first-
level trauma centers: St. Petersburg
Research Institute of Emergency
Medicine n.a. LI. Dzhanelidze (St.
Petersburg, Russia), where there has
been the City Center of Urgent Spine
Surgery since 2010, and A.A. Vishnevsky
3rd Central Military Clinical Hospital
(Moscow Region, Novy settlement). The
clinical data necessary for the current
work were collected at these centers in
2014-2016 and 2008-2016, respectively.
During these periods, the total number
of indoor patients with type A3 or A4
isolated uncomplicated fractures of any
thoracic or lumbar vertebrae was 582;
467 (80.2 %) of them were operated on.
The main surgical treatment option
was posterior instrumented fixation: 386
cases (82.6 %). The following methods
were used for this type of surgeries: trans-
pedicular systems (287 cases), laminar
ones being used rather rarely (76 cas-
es), and hybrid ones, even more rarely
(23 cases). Transpedicular fixation (TPF)
was performed through the convention-
al open approach in 199 cases (42.6 %)
and using the minimally invasive percu-
taneous technique in 88 cases (18.8 %).
In 11.8 % of patients (n = 55), the pos-
terior approaches were expanded due
to laminectomy, facet joint resection,
transversectomy, and costotransversec-
tomy to perform manipulations for ante-
rior column reconstruction. In this case,
prosthetic repair of the anterior column
involving the interbody bone block for-
mation in the injury site (anterior sup-
port and spinal fusion) was conducted in
5.1% of patients (n = 24). The surgeries
pathogenetically and biomechanically
justified for this type of trauma were car-
ried out through the anterior approach
only in 4.1 % of patients (n = 19) and
using the combined method (ante-
rior + posterior approaches) in 13.3 %
of patients (n = 62). In the latter case,
the interventions through the posterior
approach were performed by minimally

invasive percutaneous TPF in 39 (84 %)
cases or by the similar open procedure in
23 (4.9 %) cases.

The problem related to choosing the
optimal approach and technique of the
surgical spine stabilization in patients
with uncomplicated burst fractures
of the thoracic and lumbar vertebrae
includes the following three important
aspects, which can be solved by obtain-
ing and comparing the treatment out-
comes for the relevant groups of trauma
patients.

1. Choosing the type of surgical inter-
vention. The adequate evidence basis can
be obtained by comparative assessment
of the treatment outcomes of anterior
spinal fusion involving anterior instru-
mented fixation, which are performed
through the isolated open anterior
approaches, and the treatment outcomes
of open TPF using the systems including
six screws for incomplete burst fractures
(type A3) and 8-10 screws for com-
plete burst fractures (type A4), without
additional resection of bone elements
of the posterior column (laminectomy,
facet joint resection, transversectomy ot
costotransversectomy).

2. Choosing the method for ventral
column reconstruction (anterior fusion),
when reconstructing the proper shape of
the damaged vertebral body by means of
posterior instrumented fixation of the
spine (through ligamentotaxis) is either
infeasible or inefficient. This problem
can be solved by comparing the treat-
ment outcomes for the patients operated
on through the extended open posterior
approaches with additional resection of
bone elements of the posterior column
(facet joint resection, transversectomy or
costotransversectomy), and using the so-
called combined approaches, when the
conventional open anterior approach
had been performed for anterior column
reconstruction in addition to the pos-
terior open approach within a surgical
intervention.

3. Choosing the technique of posterior
instrumented spinal fixation as the most
common variant of surgical treatment.
For this purpose, treatment outcomes in
patients who had been subjected to the
conventional open TPF using the systems
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including 6-10 screws were compared
with those in patients who underwent
minimally invasive percutaneous TPF
using the similar system, while achieving
a satisfactory level of anterior column
reconstruction exclusively by ligamen-
totaxis, without resecting the bone ele-
ments of the posterior column.

The clinical trials were based on the
treatment outcomes for 206 patients
18-60 years old, both males and females,
with types A3 and A4 fractures, who had
the normal status of bone tissue and no
neurologic impairments at baseline. The
follow-up period was 24 months after
the surgery. The data set was divided into
five groups homogeneous in terms of age,
sex, and fracture localization, depend-
ing on which type of surgical interven-
tion aimed at spine stabilization and the
approach had been used: Group 1 - an-
terior spine fusion and fixation; Group
2 — open TPF; Group 3 - percutaneous
TPF; Group 4 - open TPF with extended
laminectomy; Group 5 — combined inter-
vention (Table 1).

The patients were examined on
admission, during their stay at hospi-
tal, and after discharge according to the
commonly used contemporary diagnos-
tic schemes, which mandatorily involved
two-dimensional plain radiography of
the spine and helical computed tomog-
raphy of the damaged section.

The patients’ performance status was
determined when planning the spine
stabilization surgery using the Ameri-
can Society of Anesthesiologists (ASA)
classification system. Pain intensity was
assessed using the Numeric Rating Scale
(NRS). The Russian-language adaptation
of the Oswestry questionnaire (Oswes-
try Disability Index, ODI), version 2.1a,
was used to assess the patients’ quality
of life [6]. The treatment outcomes were
assessed using the modified MacNab
scale.

Statistical data analysis was per-
formed using Microsoft Excel and Statis-
tica for Windows 0.0 software packages.
The median and quartiles were used to
characterize the distributions of quan-
titative variables. A comparative analysis
of frequency estimates of the treatment
outcomes within each selected pair of
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groups was carried out using the Pear-
son’s chi-squared test, x test with the
Yates’ continuity correction, one- and
two-tailed Fisher’s exact tests; quantita-
tive variables were analyzed using the
Mann-Whitney U test. The differences
were considered statistically significant
atp <0.05.

Results

Surgical interventions carried out
through the isolated open conventional
and extended posterior approaches
were characterized by significantly
lower values of all studied parameters
compared to those in patients operated
on through the anterior approaches.
A similar situation was observed
for isolated minimally invasive and
open surgeries involving posterior
instrumented spine fixation without
laminectomy (Table 2).

An analysis of the frequency and
structure of postoperative complica-
tions revealed that there were no sig-
nificant differences between the three
pairs being compared (Table 3). Frac-
tures and migrations of metal constructs
were detected in two patients in Group
2 and in one patient in Group 3 during
the period of 14-17 months after the
surgery. This was an indication for their
immediate surgical removal, but no refix-
ation was required. More than half of the
patients operated on through the ante-
rior approaches had specific approach-
related complications: neuropathy of
truncal nerves (intercostal nerves, the
subcostal nerve, and the iliohypogastric
nerve) and acute pleurisy.

When assessing the pain syndrome
according to the NRS in the postop-
erative period, the patients were asked
to take into consideration only the
situations when they were experienc-
ing more or less persistent pain at rel-
ative rest; pain intensity was supposed
to be assessed before taking analgesics
(Table 4). The highest frequency of pain,
its intensity and duration were typical
of trauma patients operated on through
the anterior approaches. Significant dif-
ferences with respect to similar interven-
tions carried out through isolated poste-

rior approaches were revealed. Minimally
invasive techniques of isolated posterior
fixation in this case differ from the con-
ventional open interventions only in the
short-term (up to 3 months) postopera-
tive period.

Quality of life during the short-term
postoperative period was statistically
significantly higher in trauma patients
who had undergone the intervention
through the posterior approaches only.
These differences persisted within at
least six months after the surgery. Qual-
ity of life in patients who had undergone
open and percutaneous TPF differed sig-
nificantly: percutaneous TPF was associ-
ated with a better quality of life during
the postoperative period of less than six
months. Later, this indicator was nearly
the same for all groups (Table 5).

Radiographic evaluation of the spine
condition 24 months after the surgery
showed that frequency of consolidation
of fractured vertebral fragments or bone
block formation after the spinal fusion
was approximately 90% for each study
group. Pseudoarthrosis after the ante-
rior spinal fusion through the anterior
approach was detected in two (11.8 %)
patients in Group 1 and two (10.5 %)
patients in Group 5. For the extended
posterior approach, it was detected in
two (10.0 %) patients in Group 4. Incom-
plete consolidation (the state involving
>2 mm diastasis between the fragments
forming the marginal rims of the dam-
aged vertebrae) after the surgeries involv-
ing isolated posterior instrumented fixa-
tion (Groups 2 and 3) was detected in
seven (8.8 %) and six (8.6 %) patients,
respectively. The differences between the
three pairs of groups in terms of osse-
ous coalescence parameters were statis-
tically nonsignificant (Groups 1 and 2:
p = 04929, Groups 2 and 3: p = 0.8010;
Groups 4 and 5: p = 0.6778). Neverthe-
less, despite this fact, five patients in
Group 2 and three patients in Group 3
needed subsequent revisional interven-
tions for incomplete consolidation of
vertebral fracture fragments more than
24 months after the primary surgeries.

In all cases, the performed surgical
interventions provided sufficient levels of
intraoperative correction of the existing
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post-traumatic spine deformities. Twen-
ty-four months later, the critical loss of
Cobb angle correction for kyphosis >10°)
was detected in one (5.9 %) patient, 14
(17.5 %) patients, 13 (18.6 %) patients,
one (5.0 %) patient, and two (10.5 %)
patients in study groups 1, 2, 3, 4, and
5, respectively. Moreover, the significant
frequency of correction loss was because
the short (four-screw) TPF systems had
been used. The differences in this param-
eter between the all comparison pairs
were statistically nonsignificant (Groups
1 and 2: p = 0.2086; Groups 2 and 3:
p=0.80647; Groups 4 and 5: p = 0.4802).

Comprehensive assessment of treat-
ment outcomes using the modified
MacNab scale 24 months after the sur-
gery showed that the patients with excel-
lent results more or less predominated in
nearly all groups, with an exception of
Group 4, where the situation was quite
the opposite. No significant differences
were revealed for all three comparison
pairs (Table 6).

Discussion

In our opinion, the following aspects can
be selected among the most important
circumstances that are potentially able
to determine the decision-making
regarding the choice of the algorithm
and the scope of surgical treatment for
the analyzed category of trauma patients.
These aspects are arranged in descending
order according to the influence they
have on decision-making,

Surgeon’s bands-on experience. The
pathogenetically justified method for sur-
gical treatment of trauma patients with
type A spinal fractures is to perform an
intervention exclusively on the damaged
anterior spinal column through the ante-
rior approach that corresponds to trau-
ma localization, thus leaving the anatom-
ical structures of the posterior column
intact [7, 8]. Various types of posterior
instrumented fixation of the spine are
other options of surgical intervention
in such situations. In most cases, they
are based on the phenomenon of liga-
mentotaxis that ensures shape recon-
struction of the fractured vertebral body
without any interventions to the anterior
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Table 1

Statistical analysis of the homogeneity of groups of patients with uncomplicated isolated burst fractures of the thoracic and lumbar spine

p value

Operative time, min
Min/max

Median (quartiles)

p value

Min/max

Median (quartiles)

p value

Patients requiring transfusion of
blood components, n (%)

p value

Postoperative stay in the

intensive care unit, n (%)

p value

Groups 1 and 2: p = 0.0001; Groups 2 and 3: p = 0.0001; Groups 4 and 5: p = 0. 0015

140/235
190 (175/205)

Groups 1 and 2: p = 0.0001; Groups 2 and 3: p = 0.0007; Groups 4 and 5: p = 0.0001

Blood loss (intraoperative and drainage-associated), ml

610/1050
820 (750/910)

Groups 1 and 2: p = 0.0001; Groups 2 and 3: p = 0.0001; Groups 4 and 5: p = 0.0001

11 (64.7)

Groups 1 and 2: p = 0.0001; Groups 2 and 3: p = 0.0002; Groups 4 and 5: p = 0.2308

12 (70.6)

Groups 1 and 2: p = 0.0001; Groups 2 and 3: p = 0.0036; Groups 4 and 5: p = 0.0083

80/130
100 (85/105)

420/690

510 (470/570)

13 (16.3)

9 (11.3)

65/130
90 (75/100)

30/110

70 (60/80)

0 (0.0)

0 (0.0)

Parameters Group 1 Group 2 Group 3 Group 4 Group 5
for comparison (n=17) (n = 80) (n=170) (n = 20) (n=19)
Age, years
Min/max 19/51 18/60 28/60 24/47 26/49
Median (25th/75th 34 37 38 34.5 39
percentile) (27/42) (30/42) (33/43) (31/41.5) (34/43)
p value Groups 1 and 2: p = 0.5405; Groups 2 and 3: p = 0.1387; Groups 4 and 5: p = 0.2493
Sex,n (%)
Male 12 (70.6) 43 (53.7) 48 (68.6) 12 (60.0) 11 (57.9)
Female 5(29.4) 37 (46.3) 22 (31.4) 8 (40.0) 8(42.1)
p value Groups 1 and 2: p = 0.3159; Groups 2 and 3: p = 0.0638; Groups 4 and 5: p = 0.8477
Fracture localization, n (%)
Thoracic spine 8 (47.1) 42 (52.5) 29 (41.4) 12 (60.0) 9 (47.4)
Lumbar spine 9 (52.9) 38 (47.5) 41 (58.6) 8 (40.0) 10 (52.6)
p value Groups 1 and 2: p = 0.8883; Groups 2 and 3: p = 0.1755; Groups 4 and 5: p = 0.6386
Table 2
Comparative analysis of the parameters of inpatient treatment of patients in the study groups
Parameters for comparison Group 1 Group 2 Group 3 Group 4 Group 5
(n=17) (n = 80) (n=170) (n = 20) (n=19)
Post-injury period*, days
Min/max 3/9 1/7 1/3 6/12 8/15
Median (quartiles) 6 (4/7) 3(2/4) 2(2/3) 9.5 (8.5/10.5) 11 (9/12)
Postoperative length of stay, days
Min/max 8/18 7/15 3/7 9/20 10/22
Median (quartiles) 10 (9/11) 8 (7/9) 4(3/5) 11 (10/12.5) 14 (12/15)

190/305
250 (215/272.5)

760/1480

920 (860,/1070)

17 (85.0)

13 (65.0)

315/405
350 (330,/380)

1090/1920

1590 (1480/1780)

19 (100.0)

19 (100.0)

* Comparative analysis makes no practical sense.

column of the spine, but they can also be
combined. However, even posterior fixa-
tion of the spine (transpedicular, lami-
nar or hybrid one) is inevitably accom-

panied by an additional intraoperative
injury to the posterior support complex
[9, 10]. If any manipulations for surgical
reconstruction of the damaged ventral
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column through the posterior approach
(prosthetic repair involving formation
of one- or two-segment interbody bone
block within the injury site using a ver-
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Table 3

Complication types

Local infectious and necrotic complications
(the total number)

p value

including marginal wound necrosis
including superficial wound abscess

p value

including deep wound infections

p value

Fracture/migration of metal constructs

p value

Neuropathy of truncal nerves

Acute pleurisy

General complications (the total number)
p value

including lobular segmental pneumonia

p value

p value

Comparative analysis of postoperative complications, n (%)*

including thrombembolism of small pulmonary arteries

Group 1 Group 2 Group 3 Group Group 5
(n=17) (n=80) (n=170) (n = 20) (n=19)
3(17.6) 6(7.5) 1(1.4) 2 (10.0) 3(15.8)

Groups 1 and 2: p = 0.1906; Groups 2 and 3: p = 0.1221; Groups 4 and 5: p = 0.6614

2(11.8) 2(2.5) 0(0.0) 0 (0.0) 2 (10.5)
1(5.9) 3(3.8) 1(1.4) 1(5.0) 1(5.3)
Groups 1 and 2: p = 0.1430; Groups 2 and 3: p = 0.2156; Groups 4 and 5: p = 0.3416
0(0.0) 1(1.3) 0(0.0) 1(5.0) 0(0.0)
Groups 1 and 2: p = 1.0; Groups 2 and 3: p = 1.0; Groups 4 and 5: p = 1.0
0 (0.0) 2(2.5) 1(1.4) 0 (0.0) 0 (0.0)
Groups 1 and 2: p = 1.0; Groups 2 and 3: p = 1.0
10 (58.8) 0(0.0) 0(0.0) 0 (0.0) 10 (52.6)
1(5.9) 0(0.0) 0(0.0) 0 (0.0) 2 (10.5)
2(11.8) 5(6.3) 0(0.0) 2(10.0) 2 (10.5)
Groups 1 and 2: p = 0.6023; Groups 2 and 3: p = 0.0611; Groups 4 and 5: p = 1.0
1(5.9) 3(3.8) 0(0.0) 1(5.0) 1(5.3)
Groups 1 and 2: p = 0.5435; Groups 2 and 3: p = 0.2483; Groups 4 and 5: p = 1.0
1(5.9) 2(2.5) 0(0.0) 1(5.0) 1(5.3)

Groups 1 and 2: p = 0.4428; Groups 2 and 3: p = 0.4989; Groups 4 and 5: p = 1.0

* The number of cases developed for each complication and its frequency in the given study group.

tebral body replacement implant) are
needed, the degree of additional injury
increases because of extended laminecto-
my involving facet joint resection, trans-
versectomy in the lumbar spine, or costo-
transversectomy involving tractotomy of
the spinal root in the thoracic spine [11].

Anterior approaches to the thoracic
and lumbar spine and the methods for
its anterior instrumented fixation are
characterized by significant complex-
ity, as well as high risk of traumatization
during surgical interventions [12, 13]. In
this connection, it is quite reasonable
to assume that the choice of a surgical
approach and, consequently, the method
of instrumented spine fixation for the
discussed fracture type depends largely
not only on objective factors (e.g. insti-
tutional environment, as well as techni-
cal facilities available for surgical treat-
ment), but mostly on such an internal
reason as surgeon’s hands-on experi-
ence. In order to determine the possible
influence of this factor, we interviewed
46 neurosurgeons, trauma surgeons,
and orthopedic surgeons who operate
patients with spine traumas at medical

institutions (varying in terms of their
level and jurisdiction) in St. Petersburg,
Moscow, and some other large cities of
Russia. The surgeons were interviewed
during personal contacts throughout
daily activities, as well as during the rele-
vant industry-specific research and prac-
tical events. The results of the interview
revealed that each surgeon has mastered
the technique of performing open tho-
racic and lumbar spine surgeries through
the posterior approach involving TPF. As
far as the minimally invasive methods
including those with percutaneous TPF
were concerned, only 18 respondents
(39.1 %) were able to perform them. The
interventions through the open anterior
approaches could be carried out by six
(13.0 %) respondents only.

Type of a medical institution and
the features of its organizational man-
agement. Specialized medical care for
patients with spine and spinal cord inju-
ries can be rendered under fundamen-
tally different institutional environments.
They are characterized by two aspects.
The first aspect means the specialty pro-
file of the medical institution: whether it
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is a multidisciplinary in-patient emergen-
cy hospital (a municipal or interdistrict
hospital, a research institute of emer-
gency medicine, or a military hospital),
or a specialized medical institution (a
research institute or a center of trauma-
tology and orthopedics/neurosurgery)
[14, 15]. The second aspect arises out of
the first one and means that, contrary
to the specialized medical institutions,
multidisciplinary in-patient emergency
hospitals are characterized by an enor-
mous time-constant patient flow, which
is extremely heterogeneous in terms
of pathology of patients both being
admitted and hospitalized. Moreover,
the latter factor obviously determines
the peculiar features of utilization of
the hospital bed capacity, as well as
the financial, material, technical and
human resources in general, and those
of the vertebrological service in par-
ticular. These two aspects are associ-
ated with an important factor for the
medical institution: the possibility to
have specialists who have mastered the
maximally wide range of surgical inter-
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ventions to the spine and can perform
them when it is necessary.

The technological facilities of the verte-
brological service in a medical institution.
When analyzing the potential impact of
this factor on treatment choice, it should
be nowadays considered indisputable
that the possibility of easily using the

adequate surgical techniques by the ver-
tebrological service of a medical institu-
tion is an essential condition for reaching
high clinical outcomes [5, 15]. It is stark-
ly obvious that for the multidisciplinary
emergency care hospitals (which deal
with the major part of managing patients
with acute spine and spinal cord injuries

in Russia), it should be optimal to use the
relatively technically simple, easily repro-
ducible, less traumatic, and, at the same
time, sufficiently effective and adequate
techniques offered by modern surgical
vertebrology. In the context of patients
with uncomplicated burst fractures of
the thoracic and lumbar vertebrae, the

Table 4

Comparative analysis of pain dynamics assessed using the Numeric Rating Scale (NRS) during the postoperative period, n (%)

Duration of postoperative follow-up Group 1 Group 2 Group 3 Group 4 Group 5
(n=17) (n = 80) (n =170) (n=20) (n=19)

At discharge

Pain syndrome, total 12 (70.6) 23 (28.8) 4(5.7) 5(25.0) 14 (73.7)

p value* Groups 1 and 2: p = 0.0028; Groups 2 and 3: p = 0.0006; Group 4 and 5: p = 0.0065

Mild pain (score 1—3) 9 (52.9) 15 (18.8) 3(4.3) 3(15.0) 10 (52.6)

Moderate pain (score 4—6) 3(17.7) 8 (10.0) 1(1.4) 2 (10.0) 4(21.1)

p value** Groups 1 and 2: p = 0.2962; Groups 2 and 3: p = 0.0273; Groups 4 and 5: p = 0.3053

One month postoperatively

Pain syndrome, total 10 (58.8) 11 (13.8) 3(4.3) 3(15.0) 11 (57.9)
p value* Groups 1 and 2: p = 0.0002; Groups 2 and 3: p = 0.0415; Groups 4 and 5: p = 0.0064
Mild pain (score 1—3) 7 (41.2) 8 (10.0) 3(4.3) 2 (10.0) 7 (36.8)
Moderate pain (score 4—6) 3(17.6) 3(3.8) 0 (0.0) 1(5.0) 4(21.1)
p** Groups 1 and 2: p = 0.0647; Groups 2 and 3: p = 0.1490; Groups 4 and 5: p = 0.1548
Three months postoperatively

Pain syndrome, total 8 (47.1) 3(3.8) 1(1.4) 2 (10.0) 9 (47.4)
p value* Groups 1 and 2: p = 0.0001; Groups 2 and 3: p = 0.3619; Groups 4 and 5: p = 0.0116
Mild pain (score 1—3) 6 (35.3) 2(2.5) 1(1.4) 2 (10.0) 7 (36.8)
Moderate pain (score 4—6) 2(11.8) 1(1.3) 0 (0.0) 0 (0.0) 2 (10.6)
p** Groups 1 and 2: p = 0.0784; Groups 2 and 3: p = 0.5333; Groups 4 and 5: p = 0.2561

Six months postoperatively

Mild pain (1—3 points) 4 (23.5) 1(1.3) 0 (0.0) 1(5.0) 4(21.1)

p value* Groups 1 and 2: p = 0.0031; Groups 2 and 3: p = 0.5333; Groups 4 and 5: p = 0.1548
* The results of comparative analysis for the percentage of patients having pain of any intensity.

** The results of comparative analysis for the percentage of patients having moderate pain.

Table 5

Assessment of patients’ quality of life after the surgery according to the ODI scale, %

Patient groups ODI: median (quartiles)

3-month follow-up 6-month follow-up 12-month follow-up 24-month follow-up

1(n=17) 30 (28/32) 26 (24/26) 8 (6/8) 8 (8/8)
2 (n=280) 22 (20/24) 16 (16/18) 8 (6/10) 8 (6/10)
3 (n=70) 22 (20/22) 16 (15.5/18) 8 (6/10) 8 (6/8)
4 (n=20) 28 (26/32) 22 (20/22) 8 (7/8) 8 (8/10)
5(n=19) 32 (30/38) 26 (24/26) 8 (6/8.9) 8 (8/10)
p value for Groups 1 and 2 0.0001 0.0001 0.6937 0.9962
p value between Groups 2 and 3 0.0004 0.0879 0.6324 0.5207
p value between Groups 4 and 5 0.0004 0.0001 0.6940 0.8883
12
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Table 6

Treatment outcomes

Excellent (patients returned to work)

Good (patients switched to less demanding
work)

Fair

p value*

p value**

of the patients’ returning to work.

The treatment outcomes for the patients 24 months after the surgery assessed using the modified MacNab scale, n (%)

Group 1 Group 2
(n=17) (n = 80)
10 (58.8) 49 (61.3)
7 (41.2) 26 (32.4)
0 (0.0) 5(6.3)

**The results of comparative analysis of the ratio between the numbers of trauma patients with excellent and good outcomes performed to assess the level

Group 3
(n =170)

40 (57.1)
27 (38.6)
3(4.3)
Groups 1 and 2: p = 0.5828; Groups 2 and 3: p = 0.7242

Groups 1 and 2: p = 0.8218; Groups 2 and 3: p = 0.4885; Groups 4 and 5: p = 0.6278

* The results of comparative analysis of the number of trauma patients with fair treatment outcomes performed to assess the overall treatment efficacy.

Group 4 Group 5
(n = 20) (n=19)
9 (45.0) 11 (57.9)
11 (55.0) 8 (42.1)
0 (0.0) 0 (0.0)

posterior transpedicular (as well as lami-
nar and hybrid) instrumented spine fix-
ation performed through the conven-
tional open surgical approaches meets all
these conditions to the maximum extent.
Application of minimally invasive TPF
by the vertebrological services at such
medical institutions should be consid-
ered extremely desirable, because, due
to their relatively low traumaticity, they
can potentially promote the optimized
use of financial, material, technical and
human resources, as well as contribute
to improvement of the quality of life of
trauma patients during treatment.

Hence, the decision-making algo-
rithm and technical choice of surgi-
cal treatment for patients with isolated
uncomplicated burst fractures of the
thoracic and lumbar vertebrae should
be built using the following four key fac-
tors (Table 7).

Factor I: time from injury. This fac-
tor determines whether repositioning
through the posterior approach using
ligamentotaxis without immediate intet-
vention to the anterior vertebral column
is possible. Although the existing publica-
tions provide no direct instructions con-
cerning the age of trauma, based on our
own clinical experience, we have drawn
a conclusion that repositioning is possi-
ble within the period of up to 3 days after
the trauma, regardless of the used tech-
niques of posterior instrumented fixation.
Repositioning is usually possible if the

time from injury is 37 days; the open
posterior approach is optimal for its suc-
cessful implementation. If the time from
injury is more than 7 days, repositioning
is most often infeasible.

Factor II: the surgeon’s experience.
This factor determines whether the sur-
geons can perform a spine surgery only
through the open posterior approaches,
through open and minimally invasive
posterior approaches, or through any
approach.

Factor Ill: patient’s physical status.
This factor means whether a patient has
or does not have any somatic diseases,
which could affect the surgical approach
in terms the volume of surgical inter-
vention: favorable (Class I according to
the ASA scale) — a surgery of any volume
is possible; unfavorable (Classes 1I-1V
according to the ASA scale) — the volume
of the surgery should be limited.

Factor IV: type of the medical institu-
tion. This factor characterizes the insti-
tution and the conditions of specialized
medical care for patients with spine
pathology: a multidisciplinary emergency
medicine hospital or a specialized (trau-
matological, orthopedic or neurosurgi-
cal) hospital.

Meanwhile, in the context of the
problem discussed, the optimal vari-
ants of surgical treatment should be
not only the interventions that meet
the modern principles of surgical ver-
tebrology to the full extent and make it

13

possible to achieve the necessary clini-
cal anatomical outcomes (reconstruc-
tion of the physiological shape and bal-
ance of the vertebral column), but also
the interventions equally meeting the
following two groups of requirements
according to their clinical and technical
characteristics:

1) providing the optimal conditions
for the maximally quick, complete and
safe recovery of patient’s health status,
as well as his/her social activity;

2) ensuring the maximally efficient
utilization of the labor, territorial, tech-
nical, financial, and other resources of
a medical institution, as well as of the
entire healthcare system for the admin-
istrative institution within which and
under whose jurisdiction it functions.

Less optimal but still possible vari-
ants of surgical treatment (because of
more complicated performance, costs,
and traumacity for patients) are chat-
acterized by lower convenience for the
patient: poorer quality of life in the post-
operative period in general (as assessed
according to the relevant scales) and
quality of life assessed using such param-
eters as how quickly he/she returned
to normal social activity and could be
engaged in work. Another drawback of
the less optimal treatment variants is
that the resources of the hospital and the
healthcare system in general are utilized
less efficiently. Meanwhile, the key con-
ditions determining whether these vari-
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ants can be utilized in clinical practice
are as follows: first, sufficient experience
of the operating surgeons to perform
such interventions and, second, delivery
of specialized aid at a specialized medi-
cal institution (a research institute or a
center of traumatology and orthopedics).

Conclusion

Today, decision-making and technical
choice in instrumented fixation
for neurologically uncomplicated
isolated burst fractures of the thoracic
and lumbar vertebrae should be

situation-based. The decision-making
algorithm should be built according
to the following parameters: surgeon’s
experience, the time from injury,
patient’s health status, as well as the
administrative and logistical context of
providing specialized medical care.
Open or minimally invasive posterior
instrumented spinal fixation using the
systems including six screws for incom-
plete burst fractures (type A3) and up
to 8-10 screws for complete burst frac-
tures (type A4) should be considered the
best option for surgical intervention in
the nearest post-injury period (up to 7

14

days), both in terms of the convenience
and safety for the patient and in terms
of the maximally efficient utilization of
all resources of the medical institution.

Application of open anterior
approaches for ventral column recon-
struction in patients study can be reason-
able only if the time from injury exceeds
7 days and if combined surgeries are per-
formed (mainly in combination with
minimally invasive posterior transpedic-
ular fixation).

The study bad no sponsorship. The authors declare
no conflict of interest.
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Table 7

Decision-making and technical choice in instrumented fixation for neurologically uncomplicated isolated burst fractures of the thoracic

and lumbar vertebrae

Time from injury

the patient

Favorable
(ASAT)

Up to 3 days*

Unfavorable
(ASAII-IV)
Favorable
(ASAT)

From 3 to 7 days*

Unfavorable
(ASAII-IV)
Favorable
(ASAT)

More than 7 days**

Unfavorable
(ASAII-1V)

* For the cases of effective reposition through the posterior approach without laminectomy (without intervention to the anterior vertebral column).

Physical status of

Types of in-patient

hospitals

Multidisciplinary

Specialized

Multidisciplinary
Specialized
Multidisciplinary
Specialized

Multidisciplinary
Specialized
Multidisciplinary
Specialized

Multidisciplinary
Specialized

Therapeutic approach and technical choice of surgical treatment

Open posterior instrumented fixation (without laminectomy).
Minimally invasive TPF (without laminectomy

Optimal: open posterior instrumented fixation (without laminectomy);
minimally invasive TPF (without laminectomy).

Acceptable: anterior spinal fusion with anterior instrumented fixation
(the isolated open anterior approach)

Optimal: minimally invasive TPF (without laminectomy).

Acceptable: open posterior instrumented fixation (without laminectomy)
Open posterior instrumented fixation (without laminectomy)

Optimal: open posterior instrumented fixation (without laminectomy).
Acceptable: anterior spinal fusion with anterior instrumented fixation

(the isolated open anterior approach)

Open posterior instrumented fixation (without laminectomy)

Posterior instrumented fixation with extended laminectomy

Optimal: posterior instrumented fixation with extended laminectomy.
Minimally invasive TPF + anterior spinal fusion through the conventional
open approach.

Acceptable: open posterior fixation + anterior spinal fusion through

the conventional open approach

Posterior instrumented fixation with extended laminectomy

** If the injury occurred more than 7 days ago and for fresher traumas in case of ineffective reposition through the posterior approach without

laminectomy (without intervention to the anterior vertebral column).

15

SPINE INJURIES




HIRURGIA POZVONOCHNIKA 2019;16(2):7-17
AK DULAEV ET AL. INSTRUMENTAL FIXATION FOR NEUROLOGICALLY UNCOMPLICATED ISOLATED BURST FRACTURES OF VERTEBRAE

References

1. Abudou M, Chen X, Kong X, Wu T. Surgical versus non-surgical treatment for tho- 10. Sun XY, Zhang XN, Hai Y. Percutaneous versus traditional and paraspinal posterior
racolumbar burst fractures without neurological deficit. Cochrane Database Syst Rev. open approaches for treatment of thoracolumbar fractures without neurologic deficit:
2013(6):CD005079. DOL 10.1002/14651858.CD005079.pub3. a meta-analysis. Bur Spine J. 2017;26:1418-1431. DOL 10.1007/500586-016-4818-4.

2. Cheng LM, Wang JJ, Zeng ZL, Zhu R, Yu Y, Li C, Wu ZR. Pedicle screw fixation 11. Rerikh VV, Baidarbekov MU, Sadovoy MA, Batpenov ND, Kirilova IA. Surgical
for traumatic fractures of the thoracic and lumbar spine. Cochrane Database Syst Rev. treatment of thoracic and lumbar spine fractures using transpedicular vertebroplasty
2013(5):CD009073. DOIL: 10.1002/14651858.CD009073.pub2. and fixation. Hir Pozvonoc. 2017;14(3):54-61. In Russian. DOI: 10.14531/

3. XuG], Li ZJ, Ma JX, Zhang T, Fu X, Ma XL. Anterior versus posterior approach for $52017.3.54-61.
treatment of thoracolumbar burst fractures: a meta-analysis. Eur Spine J. 2013;22:2176- 12. Ghobrial GM, Jallo J. Thoracolumbar spine trauma: review of the evidence.
2183. DOL: 10.1007/500586-013-2987-y. J Neurosurg Sci. 2013;57:115-122.

4. ZhuQ, ShiF, Cai W, Bai J, Fan J, Yang H. Comparison of anterior versus posterior 13. Scheer JK, Bakhsheshian J, Fakurnejad S, Oh T, Dahdaleh NS, Smith ZA.
approach in the treatment of thoracolumbar fractures: a systematic review. Int Surg, Evidence-based medicine of traumatic thoracolumbar burst fractures: a systematic
2015;100:1124-1133. DOL: 10.9738/INTSURG-D-14-00135.1. review of operative management across 20 years. Global Spine J. 2015;5:73-82.

5. Dulaev AK, Manukovskiy VA, Kutyanov DI, Iskrovskiy SV, Brizhan SL, DO 10.1055/5-0034-1396047.

Zhelnov PV, Dulaeva NM. The efficiency of the centralized system for delivery of 14. Landi A, Gregori F, Delfini R. Spinal trauma in Italy: actuality and future perspectives.
specialized medical care to victims with acute spinal cord injury in a modern metropo- Orthop Muscular Syst. 2015:4:¢118. DOI: 10.4172/2161-0533.1000e118.
lis. Hir Pozvonoc. 2019;16(1):8-15. In Russian. DOL 10.14531/ss2019.1.8-15. 15. Dulaev AK, Manukovskiy VA, Kutyanov DI, Bulakhtin YY, Brizhan’ SL,

6. Cherepanov EA. Russian version of the Oswestry Disability Index: cross-cultural Zhelnov PV. Development of management of emergency surgical care for
adaptation and validity. Hir Pozvonoc. 2009(3):93-98. In Russian. DOIL: 10.14531/ patients with acute traumatic and nontraumatic spinal pathologies in con-
§52009.3.93-98. ditions of megapolis. Vestn Khir Im II Grek. 2017;176(4):39-43. In Russian.

7. Krylov VV, Grin AA, Lutsyk AA, Parfenov VE, Dulaev AK, Manukovskiy VA, DOL: 10.24884/0042-4625-2017-176-4-39-43.

Konovalov NA, Perl’'mutter OA, Safin SM, Kravtsov MN, Manashchuk VI,
Rerikh VV. An advisory protocol for treatment of acute complicated and uncompli-
cated spinal cord injury in adults (association of neurosurgeons of the Russian Federa- Address correspondence to:
tion). Part 3. Zh Vopr Neirokhir Im NN Burdenko. 2015;79(2):97-110. In Russian. DOL Kutyanov Denis Igorevich

10.17116/neir0201579297-110. Pavlov First St. Petersburg State Medical University,
8. Wang J, Liu P. Analysis of surgical approaches for unstable thoracolumbar burst Lev Tolstoy str., 6-8, St. Petersburg, 197022, Russia,
fracture: minimum of five year follow-up. J Pak Med Assoc. 2015;65:201-205. kutianov@rambler.ru
9. Phan K, Rao PJ, Mobbs R]. Percutaneous versus open pedicle screw fixation
for treatment of thoracolumbar fractures: systematic review and meta-analysis Received 25.09.2018
of comparative studies. Clin Neurol Neurosurg. 2015;135:85-92. DOIL 10.1016/j. Review completed 26.11.2018
clineuro.2015.05.016. Passed for printing 30.11.2018

Alexandr Kaisinovich Dulaev, DMSc, Prof., Head of the Department of traumatology, orthopaedics and vertebrology, St. Petersburg L1. Dzhanelidze Research Institute
of Emergency Medicine, Budapeshiskaya sir., 3a, St. Petersburg, 192242, Russia; Head of the Department of traumatology and orthopedics, Paviov First Saint Peters-
burg State Medical University, Lev Tolstoy str., 6=8, St. Petersburg, 197022, Russia, ORCID: 0000-0003-4079-5541, akdulaev@gmail.com;

Denis Igorevich Kutyanov, DMSc, Professor of the Department of traumatology and orthopaedics, Pavlov First Si. Petersburg State Medical University, Lev Tolstoy sir.,
6-8, St. Petersburg, 197022, Russia, ORCID: 0000-0002-8556-3923, kutianov@rambler.ru;

Viadimir Anatolievich Manukouvskiy, MD, PhD, Head of the Department of Neurosurgery with chambers for patients with spinal cord lesions, Vishnevsky 3rd Central
Military Clinical Hospital Novy, Moscow region, Russia, mmamanv@mail.vuy;

Mikbail Sergeyevich Parshin, External MD/PhD Candidate at the Depariment of traumatology and orthopaedics, Paviov First St. Petersburg State Medical University,
Lev Tolstoy str., 6-8, St. Petersburg, 197022, Russia, mikbail parshin@gmail.com;

Sergey Vikitorovich Iskrouvskiy, researcher in the Department of traumatology and orthopaedics of the Institute for Surgery and Emergency Medicine, Paviov First
St. Petersburg State Medical University, Lev Tolstoy str., 6-8, St. Petersburg, 197022, Russia, sergeiiskr@gmail.com;

Pavel Viktorovich Zbelnov, resident in the Department of traumatology and orthopaedics, Paviov First St. Petersburg State Medical University, Lev Tolstoy str., 6-8,
St. Petersburg, 197022, Russia, ORCID: 0000-0003-2767-5123, pzhelnov@p1m.org.

16

SPINE INJURIES




HIRURGIA POZVONOCHNIKA 2019;16(2):7-17

AK DULAEV ET AL. INSTRUMENTAL FIXATION FOR NEUROLOGICALLY UNCOMPLICATED ISOLATED BURST FRACTURES OF VERTEBRAE

17

SPINE INJURIES



