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Objective. To systematize technical and tactical options of revision procedures in the surgical treatment for lower thoracic
and lumbar spine injuries in order to reduce their invasiveness and technical complexity and to improve vertebral metric
parameters of correction of injured spinal motion segments.

Material and Methods. Treatment results of 62 patients re-operated on for injuries of the lower thoracic and lumbar spine
were examined.

Results. Good long-term results of treatment were obtained in 72.7 % of patients, and satisfactory ones, in 27.3 %.
Conclusion. The proposed differentiated tactics of revision surgery in the treatment of injuries of the thoracic and lumbar
spine allowed to reduce invasiveness and technical difficulty of revision surgery as well as to improve vertebral metric pa-
rameters of correction of injured spinal motion segments.
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Revision surgery for thoracic and lumbar
spine injuries is one of the most complex
and urgent issues of modern vertebrol-
ogy [1, 4, 7, 8, 10]. Surgical treatment of
such patients is insufficiently covered in
the Russian and foreign literature. The
revision surgery may be required for vat-
ious reasons [4, 7, 8, 10]. In such situa-
tions, standard well-developed technical
and tactical approaches to spinal inju-
ries treatment are often ineffective [1, 7].
At the same time, repeated operations
always increase invasiveness, technical
complexity and risk associated with sut-
gical treatment, duration of stationary
phase, likelihood of severe and irrevers-
ible complications, and duration of reha-
bilitation period. The increasing number
of young surgeons trained in modern
high-tech methods of treatment of tho-
racic and lumbar spine injuries and wide-
spread introduction of these methods
into clinical practice of regional health
facilities require a study of causes and
establishment of the basic technical
aspects of revision procedures in the sur-
gical treatment of the lower thoracic and
lumbar spine injuries.

The purpose of the study is to sys-
tematize technical and tactical options
of revision procedures in the surgical
treatment for lower thoracic and lumbar
spine injuries in order to reduce their
invasiveness and technical complexity
and to improve vertebral metric param-
eters of correction of injured spinal
motion segments (SMS).

Material and Methods

Clinical material for the study was col-
lected in 2005-2014: 62 patients were
re-operated on for the thoracic and lum-
bar spine injuries (35 men and 27 wom-
en aged from 18 to 54 years). A total of
19 patients initially had a vertebral-cere-
brospinal injury (VCSI); 16 patients had
neurological deficit at the time of revi-
sion procedures (4 of them, iatrogenic).
Sixteen patients sustained injury at
the level of T6-T11, 13, at the level of
T12-L1, 19 at the level of L2-L5. One
SMS was affected in 33 patients, two, in
24, three, in 5. At admission, all patients
complained of persistent progressing
pain in the area of prior surgery for spi-
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nal injury. Examination revealed neu-
rological deficits of varying severity
in 16 patients: radiculopathy (5 patients),
a lower paraparesis with dysfunction of
the pelvic organs (8), lower paraple-
gia (3). The causes of re-operations can
be divided into three groups. The first
group includes initial use of deliberately
inefficient and outdated surgical tech-
niques, the second one includes incorrect
application of modern high-tech means
of correction and stabilization of the
spine (in this case, the term “incorrect”
implies not only a technical error during
installation of metal structures, but also
violations of indications for the chosen
method), the third one includes circum-
stances unrelated to the quality of the
initial surgery, which in this group had
been carried out in accordance with the
requirements for the chosen techniques.

The first group included 18 cases of
direct causes of revision surgery: insta-
bility of the injured SMS after its fixation
with wire loops (n = 6), instability of the
injured SMS after laminectomy without
fixation (n = 5), destabilization of the
injured SMS after its fixation with Tsl-
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TO and HNIITO plates, laminar systems
(n = 4), destabilization of the injured
SMS after extended fixation with a lami-
nar system (n = 1), progressive post-trau-
matic deformation after autocorporode-
sis without metal fixation (n = 2). The
second group included 25 cases: desta-
bilization of NiTi structures with ther-
momechanical memory (n = 5), incor-
rect implantation of screws for trans-
pedicular fixation (n = 9), migration of
interbody and body-replacing implants
installed without transpedicular fixation
(n = 4), inadequate decompression of
the dural sac during transpedicular fix-
ation (n = 3), post-traumatic deformi-
ties after ventral metal fixation (n = 4).
The third group of direct causes of revi-
sion procedures included 19 cases: frac-
tures of transpedicular systems screws
(n=7), unlocking of transpedicular sys-
tems connectors (n = 3), migration of
transpedicular systems screws with sub-
sequent destabilization (n = 7), fractures
of ventral spinal systems screws (n = 1),
progressive spondyloptosis as a result of
postoperative suppurations, osteomy-
elitis and resection of the posterior ele-
ments of L5 and S1 (n=1).

The timing of revision procedures va-
ied. Eight patients were re-operated on
within 3—12 days after the injury. These
surgeries were performed due to improp-
er implantation of transpedicular system
screws, revealed by the control X-ray
in the early postoperative period. The
screws were re-implanted in all these cas-
es. Eleven revision procedures were per-
formed within the period of 2-12 weeks.
Among them, there were 8 cases of trans-
pedicular fixation after prior decompres-
sive laminectomies in the absence of fix-
ation or with inadequate fixation by wire
loop, 3 cases of anterior decompression
and corporodesis following the migra-
tion of previously installed interbody or
body-replacing implants. The majority of
patients (43) were re-operated on more
than 3 months after the previously per-
formed surgeries. These patients under-
went re-osteosynthesis of the spine due
to destabilization of the injured SMS,
transpedicular fixation of greater extent,
including cemented implantation of
screws, staged surgical treatment of post-

traumatic deformities with transpedicular
external fixation. Forty-five patients who
underwent revision surgery wete initially
treated in other clinics, while 17 patients
were initial treated in the RCH No 1.

Vertebral metric parameters of defor-
mations in these groups of patients were
assessed using conventional methods [3,
5,6, 9, based on the results of X-ray, CT
and MRI examinations.

In 51 (82.2 %) of the 62 patients
the initial damage to SMS was reliably
classified based on X-rays scans per-
formed immediately after the injury.
In 11 (17.8 %) patients, who were oper-
ated on at later stages, the initial X-rays
scans were not available and the system-
atization of injuries was based on the
results of later X-ray examinations. Tho-
racic and lumbar spine injuries were clas-
sified according to Magetl.

A total of 5 (9.8 %) patients had
compression fractures of type Al, 8
(15.7 %) of type A2, 6 (11.8 %) of type
A3; 4 (7.8 %) had distraction injuries of
type B1, 3 of type B2 (5.9 %), there were
no cases of type B3. A total of 25 patients
had the most severe rotational injuries:
13 (25.5 %) of type C1, 10 (19.6 %) of
type C2, and 2 (3.9 %) of type C3.

In all cases, the decisions were made
based on the assumption that surgical
treatment should achieve four main
objectives: elimination or prevention of
vertebra-medullar conflict, normalization
of anatomical relationships in the injured
SMS, stabilization of the injured section
of the spine and osteoplastic reconstruc-
tion of ventral sections of the injured
SMS.

We employed various tactical and
technical options for revision procedures
in the treatment of the lower thoracic
and lumbar spine injuries. Their system-
atization was based on a combination of
main criteria, which defined the choice
of technique for individual surgical treat-
ments and overall treatment tactics. The
following parameters were taken into
account: number of surgical stages, order
of execution of ventral and dorsal sur-
geries, dural sac decompression meth-
od, length of the inner metal fixation
of the spine, number of SMS for inter-
body fusion, feasibility of using external
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transpedicular osteosynthesis and spi-
nal systems for dorsal or ventral internal
stabilization.

In 13 patients surgeries were per-
formed from posterior accesses (replace-
ment of broken or incorrectly implant-
ed screws), in 9 patients from anterior
accesses (anterior decompression and
corporodesis), including preliminary
repositioning with external fixation
device in 5 patients; in 19 patients dor-
soventral surgical interventions were
performed (replacement of metal con-
struction in 6 patients, its removal in
13 patients, and anterior spondylosyn-
desis in 19 patients), with additional ven-
tral stabilization systems in 13 patients,
including preliminary repositioning
with external fixation device; dorso-
ventrodorsal surgical interventions were
performed in 12 patients (removal of
the dorsal metal construction, anterior
spondylosyndesis, TPF in 13 patients),
including preliminary repositioning with
external fixation device in 6 patients;
ventral stabilization systems were used
in 6 patients (metal fixture 360°%); ven-
trodorsal surgical interventions were per-
formed in 9 patients (anterior mobiliza-
tion, decompression, corporodesis, TPF,
including preliminary repositioning with
external fixation device, in 5 patients
ventro-dorsoventral).

Results

Well-known clinical criteria and ver-
tebral metric parameters were used to
assess treatment outcomes [1, 3, 5-7,
9]. The characterization of the anatom-
ic relationships in the injured SMS was
made based on local kyphosis, vertical
dimension of the injured SMS, trans-
lational dislocation, traumatic spinal
canal stenosis. Vertebrogenous neuro-
logical deficit was assessed using Fran-
kel scale with an additional point esti-
mate of muscle strength and sensation
in limbs. In patients re-operated on at
the later stages for posttraumatic defor-
mities of the spine, the clinical manifes-
tations prior to the revision surgery as
well as in the immediate and late post-
operative periods were evaluated using
the VAS and ODI indicators. Short-term
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outcomes of up to 3 months after the
surgery were studied in all patients. Good
results were achieved in 46 (74.2 %)
patients, and satisfactory ones, in 16
(25.8 %), who reported continued mod-
erate pain up to 2-3 points on the VAS,
residual deformation with compensated
support function of the spinal column,
lack of positive the dynamics of the neu-
rological status. Six out of 16 patients
with post-traumatic neurological defi-
cits displayed positive dynamics to Fran-
kel grade I-II. No changes in neurologi-
cal status were observed for 10 patients.

Long-term outcomes with the follow-
up of more than 1 year were recorded
for 44 (71.0 %) patients: 32 (72.7 %)
achieved good long-term outcomes, 12
(27.3 %) achieved satisfactory ones.

Discussion

The examination of cases of transpedicu-
lar spinal systems destabilization, includ-
ing 7 cases of damaged screws, 3 cases
of unlocked connectors and 7 cases of
metal structures migration, revealed that
the anterior corporodesis was not per-
formed in 14 out of 17 such cases. There-
fore, in most cases the destabilization of
the dorsal metal fixator occurred in the
absence of supportive ventral column for
the injured SMS.

The analysis of technical features
of the performed revision surgeries
revealed their most characteristic differ-
ences compared to the primary surgeries
performed for the thoracic and lumbar
spine injuries. For example, in surgeries
from posterior access the greatest tech-
nical difficulties were associated with the
removal of previously installed transpe-
dicular or laminar systems in the absence
of appropriate original set of tools. Such
situations were encountered in the two
patients who had no medical documen-
tation on the earlier surgical treatment of
their spinal injuries and no information
on the implanted spinal metal construc-
tions. At the pre-surgery planning stage
these structures have been misidentified
based on X-ray data. During the surgery
undertaken to remove the unidentified
spinal systems, the available toolkits did
not enable correct release of the fasten-

ers, which led to expansion of the surgi-
cal access and rough fragmentation of
the long metal constructions using mas-
sive metal-cutting tools. This significantly
increased the duration and invasiveness
of the revision surgery, and in both cases
the volume of intraoperative blood loss
exceeded 1 liter.

There were also some technical dif-
ficulties in transpedicular re-osteosyn-
thesis after the removal of the broken
elements of the previously installed
transpedicular system. Frontal parts of
the screws that remained in the verte-
bral bodies prevented installation of the
new screws using the optimal trajectory.
In such cases, the screws were installed
extrapediculary following improvised
trajectories, and the total length of the
spinal system tended to increase. Similar
technical difficulties were encountered
when transpedicular fixation was per-
formed after the removal of the previ-
ously installed destabilized or migrated
screws due to significant volume of bone
in the vertebral bodies being affected.

Clinical Example 1. Patient Sch.,
female, aged 30, sustained a VCSI in traf-
fic accident in 1999: comminuted dis-
location fracture at L4 with fractures of
arches and articular processes (type C2)
with deep lower paraparesis (group C on
a Frankel scale) and dysfunction of the
pelvic organs. She was operated on at
the place of residence in the early peri-
od after the VCSI: decompressive L4-L5
laminectomy. She was on bedrest for
long time. Two months after the surgery
she began to sit down in bed using rigid
lumbar corset, after 3 months she was
able to move independently in a wheel-
chair, after 5 months, the functions of the
pelvic organs were restored in full. Mus-
cle strength in the hips reached 4 points,
in the calf muscles, 2 points. The patient
was allowed to be active in hard strain
relief corset with additional support on
crutches. In 2001, she gained a lot of
weight. The stabilizing function of the
lumbar corset had become insufficient.
There was a constant pain in the back.
In 2002 she was operated on in a Mos-
cow clinic, due to increasing lumbodynia
and signs of post-traumatic deformation,
with installation of L3-S1 transpedicu-
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lar fixation, using 4-screw system with
implantation of screws in the lateral
masses of the sacral bone. The progres-
sion of post-traumatic strain had been
stopped for the time. There was a sig-
nificant decrease in the intensity of lum-
bodynia. The patient had adapted to her
physical condition. She moved around
by using lightweight elbow crutches. In
2011, she noticed changes in the exter-
nal contours of the waist and periodic
appearance of moderate lumbodynia.
These symptoms gradually progressed.
X-rays and CT scans performed in 2012
and 2014 revealed destabilization of the
transpedicular system and progressive
post-traumatic deformation of the lum-
bar spine (Fig. 1). The collapse of the 14
body had reached 100 %, local kyphosis
in segments L3-L5 was 43°, anterior dis-
location of L3 was 95 %.

In September 2014 the patient was
hospitalized to the RCH No 1 for surgi-
cal treatment. In view of the gravity of
the existing deformation, 14-year peri-
od from the date of the injury and revi-
sion character of the upcoming surgical
intervention, a staged surgical treatment
was suggested to restore the balance of
the spine and stabilize the lumbar spine,
including gradual normalization of the
anatomical relationships in the lumbosa-
cral SMS using external fixation followed
by formation of bone-metal block at the
level of L2-S1. In the pre-operative peri-
od, it was not possible to identify with
certainty the origin of the transpedic-
ular system installed in 2002, since the
medical records had not been preserved.
On September 16, 2014 the unidenti-
fied transpedicular system was removed.
During the surgery, none of the trans-
pedicular fixation toolkits available in
the RCH No 1 fit the connectors of the
system. The system was removed incot-
rectly, using cutting tools that require a
significant expansion of surgical access.
There were no intra- and postoperative
complications. Given the high invasive-
ness of the surgery and the lack of emer-
gency indications for deformity correc-
tion and decompression of the dural sac,
the patient was discharged and hospital-
ized again in November 2014.
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Fig. 1

Spondylogram of the patient Sch. at admission to the clinic

On November 10, 2014 transpe-
dicular osteosynthesis was performed
at the L2-81 level using external fixa-
tion device of V.D. Usikov’s design. Fight
external transpedicular screws were
installed percutaneously: two in each
of L2, L3, L5, and S1. The exterior unit
was mounted on two supports. The top
support was fixed at the L2 and L3 level
with 4 screws, the bottom one at the L5
and S1 level with 4 screws. The supports
were interconnected by four longitudi-
nal bars. The position of the support was
selected taking into account the existing
deformation and the upcoming correc-
tion procedure. Gradual correction of
the anatomic relationships in the injured
SMS had been started intraoperatively
and continued in the postoperative peri-
od for 13 days (Fig. 2). The correction
was carried out by controlled change
of relative positions of the upper and
lower supports of the external device.
The rate of the correction was limited by
pain intensity and gradually decreased
from 3-5 mm per day in the first days to
2-3 mm per day by the end of the reduc-
tion. During this period the patient was
allowed to be active, she moved on her
own within the hospital. The correction

process was divided into two periods.
During the first period, the lumbus has
been elongated using vertical traction of
the upper lumbar spine in relation to the
pelvic ring in the cranial direction. This
had been achieved by gradual increase
in the distance between the upper and
lower supports of the external device
while maintaining the angular relation-
ship between them. During the second
period, the reduction of the remaining
elements of L4 was carried out simulta-
neously with eliminating local kyphosis
at the level of L3-L5, which had been
achieved by gradual rotation of the lower
support arc of the external device in the
sagittal plane.

On November 24, 2014, after X-ray
confirmation of normalization of ana-
tomical relationships in the injured
SMS, the following interventions were
performed: subtotal L4 corporectomy
from the left retroperitoneal access,
L3-L5 corporodesis using container type
implant with autologous bone and addi-
tional L3-L5 ventral fixation with two
«Medtronic Legasi» screws, locked on one
longitudinal bar. The operation was per-
formed before the removal of the exter-
nal transpedicular device with the patient
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on the right side of the operating table,
rotated 35° to the left. After the closure
of the operation wound, the patient had
been laid on her stomach. The external
device was dismantled and internal trans-
pedicular L2-S1 osteosynthesis was pet-
formed, using 8-screw «Medtronic Legasi»
system. The screws, 6.5 mm in diameter
and 50 mm in length, were implanted to
replace the 6-mm removed screws of the
external device (Fig. 3). Postoperatively,
the patient was allowed to be active on
day 5. Wound healed by primary inten-
tion. There were no complications.

The surgical treatment resulted in
normalization of anatomical relation-
ships in the lumbar spine, L2-S1 seg-
ments were securely stabilized, body
proportions were restored, the patient’s
height was increased by 4 cm. According
to the control spondylography 7 months
after the surgery, the achieved anatomi-
cal relationships in the lumbosacral spine
were preserved, the spinal system was
stable, L3-L5 interbody bone block was
forming. The functionality of the spine
was restored, the lumbodynia was arrest-
ed, the vertebral neurological deficit was
at the preoperative level. The patient’s
follow up continues.

In most cases of ventral accesses sur-
geries we faced with adhesive processes,
which greatly complicated the anatomi-
cal separation of tissues in the pleural
cavities and retroperitoneal space dur-
ing the approach to the injured section
of the spine. In two cases, it resulted in
significant intraoperative trauma of the
lung, and in one case, in bleeding from
the common iliac vein due to its parietal
wound in scar conglomerate. There were
no complications at the stage of ventral
metalwork removal. Re-implantation of
ventral systems could be complicated by
the remains of screws from previously
installed constructions in the vertebral
bodies. In such cases, the positioning of
new ventral systems was non-standard,
with introduction of their screws into the
bone mass of the vertebral bodies on the
improvised paths. We tried to guide the
screws closer to the endplates in the cra-
nial or caudal sections, which has maxi-
mum bone tissue strength in the verte-
bral bodies [2].
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Fig. 2
Spondylograms of the patient Sch. during the correction of posttraumatic deformities
of the lumbar spine using external transpedicular device

Fig. 3
Spondylograms of patient Sch. after the surgery in the clinic (see explanation in the
text)
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Clinical Example 2. Patient §., male,
16 years old, hospitalized in a clinic on
December 1, 2008 with post-traumat-
ic deformity of the spine at the T12-L1
level. According to his medical history, in
July 2006 at the age of 14 years while on
vacation he dropped from a height and
sustained a VCSI: comminuted fracture
of the L1 body, lower paraparesis with
dysfunction of the pelvic organs. He was
hospitalized in the neurosurgery depart-
ment of the city hospital and under-
went emergency decompressive T12-12
laminectomy. He had been on bedrest
for 2.5 months. Neurological complica-
tions of VCSI had regressed. He has been
allowed to be active. He used corset for 6
months and underwent physical therapy
to strengthen the muscles of the waist.
Nevertheless, local kyphosis started to
progress at the level of the post-laminec-
tomic defect. At the time of the admis-
sion to the hospital on December 1, 2008,
he complained of a constant feeling of
tension in the muscles of the back in the
lower thoracic and lumbar regions and
periodically appearing lumbodynia. No
signs of neurological deficits were found.
Visually examination revealed a Gibbus
deformity at T12-L2 (Fig. 4). According
to the X-ray scans, the patient had post-
laminectomic T12-L2 defect, wedge-
shaped deformation of the T12 and L1
bodies with local kyphosis at this level
of 48° (Fig. 5). On December 5, 2008 the
patient underwent left thoracotomy, an-
terior autocorporodesis of T11-L1 with
fixation using «Antares» ventral system
(«Medtronik»). Local kyphosis was cor-
rected to 13°. There were no compli-
cations. The patient was allowed to be
active on day 5 after the surgery and was
discharged under the supetvision of local
trauma specialist. Despite incomplete
correction of the deformity, the short-
term outcome of the treatment was con-
sidered to be good.

In the process of dynamic observa-
tion it was noted that the patient con-
tinues to grow rapidly (at the time of
surgery his height was 171 c¢m, at the
control examination 4 months later,
174 cm, in 8 months, 177 cm, in 1 year,
179 cm). Simultaneously, progressive
increase in kyphosis was detected at the
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Fig. 4

clinic in 2008

The appearance of the patient S. at the time of the first appearance at the

Fig. 5

Spondylograms of the patient S. at the time of the first
appearance at the clinic in 2008

level of T11-L1 due to the continued
growth of posterior elements of the ver-
tebrae and the lack of growth of the
anterior elements which were blocked
by the ventral system (Fig. 6). By the
end of the growth phase at 182 cm, the
local kyphosis was 62°, after which the
deformation has not progressed fur-
ther (Fig. 7). The long-term outcome
of the treatment was considered to be
unsatisfactory. Since it was impossible
to perform corrective surgery from
the posterior access without remov-
ing the ventral system, on June 8§, 2012
the patient underwent left thoracoto-
my, dismantling of the «Antares» ven-
tral system, transverse osteotomy of
the T12-L1 interbody bone block, and
external transpedicular osteosynthesis
along T9-L3. Gradual correction of the
anatomic relationships at the level of
the deformation had been performed
for 14 days after the surgery. The kypho-
sis was eliminated (Fig. 8). The patient’s
height after the correction was 189 cm.
At the next stage, on June 22, 2012, the
patient underwent front T12-L1 cor-
porodesis with container type implant
with autologous bone, ventral metal
fixation at the T12-L1 level with two
CHM screws on one longitudinal bat,

dismantling of the external transpedicu-
lar device; on June 30, 2012 the patent
underwent additional stabilization of
the spine along T10-L2 with a 7-screw
CHM transpedicular system (Fig. 9). The
patient was allowed to be active on day
4 after the operation. There were no
complications. Good short- and long-
term outcomes were achieved. Monitor-
ing of the patient continues.

Accumulated experience in revision
surgery for thoracic and lumbar spine
injuries in later periods after the injury
has shown that in most cases the nor-
malization of anatomical relationships
in the injured SMS is a complex task.
This applies primarily to patients with
major posttraumatic deformities with
local kyphosis of more than 35° and
with angular and translational displace-
ments in different planes, which are con-
sequences of type C damage according
to Magerl. In such cases, external trans-
pedicular osteosynthesis [1] is the least
traumatic approach and we use it as pre-
surgical stage.

Conclusion

Errors in the treatment of thoracic and
lumbar spine injuries which result in the
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need for revision surgery include: use of
deliberately inefficient methods of fixa-
tion of the injured SMS, no metal fixation,
underestimation of the degree of desta-
bilization of the injured SMS, the choice
of inappropriate method of fixation for
the injury sustained, incorrect execution
of metal fixation of the spine, no cor-
porodesis, fixation of the injured SMS
with unfinished repositioning, unreport-
ed osteoporosis, failure to comply with
the rehabilitation regime.

The proposed differentiated tactics
of revision surgery in the treatment of
injuries of the thoracic and lumbar spine
allowed to reduce invasiveness and tech-
nical difficulty of revision surgery as well
as to improve vertebral metric param-
eters of correction of injured spinal
motion segments.

The preliminary stage of osteosyn-
thesis of the spine with an external fixa-
tion device provides the least traumat-
ic and most effective correction of the
anatomic relationships in the deformed
SMS, and allows almost complete not-
malization of the anatomical relation-
ships in the injured section of the spine,
regardless of the period of time since
the injury and the degree of the original
deformation.
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Fig. 6 Fig. 7

Spondylograms of the patient S. after surgical correction and sta- Spondylograms of the patient S. by the end of growth phase

bilization of the spine (2012): a relapse of posttraumatic deformation at the level
of T11-L1

Fig. 8 Fig. 9
Spondylograms of the patient S. during the correction Spondylograms of the patient S. after the conclusion of the surgical
period for the post-traumatic deformity of the spine using treatment at the clinic

external transpedicular device
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