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Despite the progress in surgery of 
traumatic injuries of the thoracic and 
lumbar spine, late effects of traumatic 
injuries of the thoracic and lumbar 
vertebrae are a pressing issue. Inadequate 
conservative treatment methods, late 
detection of vertebral fractures due to 
severe polytrauma, concomitant injuries, 
undiagnosed and untreated vertebral 
fractures are considered to be the cause 
of post-traumatic deformities [17, 24].

Posttraumatic deformities lead to sag-
ittal imbalance, development of painful 
syndromes, functional impairment of the 
thoracic and lumbar spine, and cosmeti-
cally undesirable deformities [18].

Rehabilitation and full adaptation of 
patients with posttraumatic deformities 
to everyday and stress loads is impossible 
without restoring spinal segment anato-
my and normal biomechanical relation-
ships in the spine by correcting and sta-
bilizing surgical interventions. Recovery 
of the anterior column anatomy is of key 

importance in the treatment of posttrau-
matic kyphosis [3, 11, 25]. Development 
of reliable ventral implants and retainers 
enabled correction and stable fixation 
of the spinal segment as early as on the 
operating table [4, 14]. However, the use 
of isolated ventral fixation is associated 
with the risk of correction loss and devel-
opment of kyphosis relapse and false 
joint, especially in the presence of osteo-
porotic changes of the spine [20]. Excel-
lent capabilities of ventral correction and 
limited capabilities of ventral fixation led 
to the development of a combined two-
stage surgical approach. Some authors 
[2, 4, 7, 21, 23, 25] mention insufficient 
capability of kyphotic deformity correc-
tion through the ventral approach, limit-
ing its value to about 20°. In the case of 
more severe deformity, they suggest using 
the posterior three-column vertebrotomy 
characterized by rigid deformity correc-
tion by shortening of the posterior spinal 
column. However, these techniques are 

associated with high blood loss, time-
consuming surgery, and high incidence 
of complications [5, 9, 10, 12].

This study was aimed at analyzing 
the correction capabilities of multistage 
combined interventions in the treatment 
of posttraumatic deformities in the tho-
racic and lumbar spine.

Material and methods

The study included medical histories of 
106 patients (58 males and 48 females) 
aged 16–70 years (mean age 43,1 ± 
14,7 years), who were operated on 
at the Novosibirsk Research Institute 
of Traumatology and Orthopaedics in 
2013–2014 for posttraumatic kyphosis 
of the thoracic and lumbar spine using 
ventral correction of spinal deformity. 
Inclusion criteria were as follows: no 
preexisting deformity of the thoracic and 
lumbar spine, no spinal osteoporosis as 
shown by T-test (not less than -3.0) and 
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a half-sum of the height of adjacent seg-
ments) before and after surgery.

Posttraumatic deformities were classi-
fied with allowance for the initial injury 
based on the Comprehensive Classifica-
tion of Thoracic and Lumbar Injuries [16]: 
Type A – 88 (83.5 %), type B – 10 (9.4 %), 
type C – 8 (7.1 %).

The vast majority of posttraumatic 
deformities was caused by type A injuries.

Posttraumatic deformities were treat-
ed using multi-stage surgical procedures. 
When treating the consequences of type 
A injuries, anterior spinal fusion was car-
ried out as the first stage, and posterior 
internal short-segmental fixation was 
carried out as the second stage (in the 
same surgical session). When treating the 
consequences of type B and C injuries 
accompanied by formation of osseous 
and osteofibrous block at the level of pre-
vious injuries of the posterior structures, 
ventral correction step was preceded by 
mobilization of the posterior structures 
using facetectomy at the level of dam-
aged segment of the central angle of the 
deformity. Furthermore, in the surgical 
treatment of the consequences of type 
C injury, derotation is required during 
deformity correction, and for this reason, 
release stage was combined with decom-
pressive laminectomy in order to control 
the state of the spinal cord and its roots 
during repositioning. Further, correcting 
stage was carried out followed by final 
instrumental stabilization of the ventral 
or dorsal spine during the same surgical 
session. Postoperatively, patients received 
conventional therapy, including adequate 
anesthesia, preventive antithrombotic 
and antiulcer therapy. Upright position 
was allowed on day 3–4 after the oper-
ation. In all cases, immobilization with 
removable orthopedic corset was used 

and orthopedic regimen up to 4 months 
after the operation was advised.

Intraoperative blood loss and duration 
of the surgery were evaluated; postop-
erative complications were document-
ed. Functional treatment outcome was 
assessed based on the Oswestry Disability 
Index (ODI) and VAS scale [1]. Postopera-
tively, stage-by-stage clinical and radio-
graphic examinations was performed 4, 8, 
and 12 months after the surgery to assess 
the formation of bone and bone-metal 
blocks. Patients answered ODI and VAS 
questionnaires at all follow-up stages.

Statistical analysis was carried out 
using Excel 2003 software and t-test. The 
value was considered as significant with 
P < 0.05.

Results

A total of 246 operations (18 three-
stage and 96 two-stage) were required 
to achieve post-traumatic deformity 
correction in 106 patients. The average 
duration of multistage operations was 
227.5 ± 62.3 min (135 to 395 min), the 
average blood loss was 407.5 ± 258.2 ml 
(250 to 1600 ml), and the average length 
of stay in the intensive care and 
resuscitation unit was 1.1 ± 0.7 days.

On the average, segmental kyphotic 
deformity was corrected from preopera-
tive value of 24,0° ± 8,7° (20 to 57°) to 1,3° 
± 10,5° (P = 0.17), the average deformity 
correction value was 23.1° ± 2.6°.

We studied radiographic correction 
results depending on the type of injury, 
preceding the deformity. In the group 
of patients with consequences of type A 
injury (n = 88), mean value of kyphotic 
deformity was 17.4° ± 8.4°. In the postop-
erative period, decrease to an average val-
ue of -3.0° ± 4.1° was achieved followed 

motor neurological disorders impeding 
patient’s ability to take orthostatic 
position without additional support.

The patient sought medical advice at 
the clinic for the following reasons: func-
tional impairment of the spine, severe 
pain in the adjacent segments, and cos-
metic defect. Time elapsed after injury 
ranged from 3 to 240 months (on the 
average, 20.6 ± 45.3 months).

The causes of posttraumatic deformity 
were determined (Table 1). We selected 
separate group of patients who previ-
ously underwent spinal surgery in the 
posterior portions of the spine for acute 
injury. In these patients, the presence of 
metal structures, fibrous and bone blocks 
resulted in high rigidity of the deformity.

Neurological status of all patients did 
not impede their ability to move inde-
pendently. There were no neurological 
symptoms in 101 patients, 5 patients had 
spinal neurological deficit in the form 
of lower distal paraparesis with pre-
served ability to walk and take ortho-
static position.

All the patients were subjected to a 
complex of diagnostic measures, includ-
ing clinical, X-ray, and CT examination.

X-ray study consisted of radiograph-
ic examination of the cervical, thoracic, 
lumbar, and sacral spine including also 
femoral heads in two projections in 
patient’s upright position. We took into 
account the following parameters: the 
magnitude of the thoracic kyphosis (T4–
T12) and lumbar lordosis (L1–L5), local 
segmental kyphosis as assessed by Cobb’s 
angle, and sagittal index [15, 22].

We studied global sagittal balance cal-
culated based on the deflection of the 
plumb line drawn from the center of C7 
vertebral body to the neutral point of the 
sacrum (cranial segment of S1 vertebra); 
forwards or backward deviation of the 
axis from the said point by more than 
2.5 cm was considered as sagittal imbal-
ance; by more than 4 cm – severe sagittal 
imbalance [13].

We assessed the relative anterior and 
posterior height of the interbody space at 
the apex of the posttraumatic deformity 
(ratio of the height of interbody space 
at the apex of the posttraumatic defor-
mation to the normal value defined as 

Table 1

Distribution of patients according to the causes of posttraumatic deformity, n (%)

Causes Patients

Ineffectiveness of conservative treatment 72 (67.9)

Deformity relapse after surgical treatment 20 (18.8)

Concomitant and multiple traumatic injury 14 (13.3)
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by the loss of correction by the time of 
the final postoperative examination to 
0.8° ± 5.3°. Type B and C injuries (n = 18) 
were characterized by an average kyphot-
ic deformity of 28,3° ± 11,3°, the pres-
ence of axial and shearing deformations, 
and multilevel damage to the posterior 
osteoligamentous complex. Multistage 
surgical treatment (release stage was car-
ried out in all cases) resulted in average 
kyphotic deformity value of 8.1° ± 3.3° 
followed by the loss of correction by the 
time of follow-up examination in 1 year 
to 9.7° ± 5.4°.

Patients were divided into two groups 
depending on the severity of kyphotic 
deformity: group 1 patients (82) had 
kyphotic angle of 20–30° (an average of 
24.6° ± 5.8°); group 2 patients (24), more 
than 30° (an average of 35.4° ± 6.9°). Sur-
gical correction resulted in the angle of 

-0.6° ± 9.2° in group 1 patients, and – 6.9° 
± 5.8° in group 2 patients; no significant 
differences were observed (P = 0.018).

The dynamics of lumbar lordosis 
change from preoperative 41.1° ± 9.6° 
to postoperative -38.6° ± 17.6° was sta-
tistically significant (P < 0.05). Oppo-
site situation was observed when ana-
lyzing the dynamics of thoracic kypho-
sis change from 39.5 ° ± 17.3° to 34.2° ± 
10.4° (P > 0.05).

The study of the global sagittal bal-
ance demonstrated that preoperative 
deflection of the plumb line with respect 
to the neutral point of the sacrum was 
±2.5 cm in 82 (77.3 %) patients, sagittal 
imbalance of +4 cm was observed in 18 
patients, and severe sagittal imbalance 
above +4 cm was observed in 6 patients. 
There was no significant correlation 
between the severity of pain and imbal-
ance value.

The dynamics of changes in the an-
terior and posterior height of the ver-
tebral segment was characterized by 
complete correction through the ven-
tral approach. In the preoperative period, 
the anterior and posterior height of the 
interbody space at the apex of the defor-
mity was 57.7 ± 12.8 % and 82.1 ± 8.5 %, 
respectively.

Treatment resulted in good and satis-
factory results: functional capacity (ODI) 
changed on the average from 55.2 ± 6.5 

(48 to 60) to 21.5 ± 4.8. VAS indexes also 
changed from an average of 7.4 ± 1.1 to 
2.3 ± 0.4 points after surgery.

The best dynamics of function-
al capacity values was observed in the 
case of surgical treatment of the conse-
quences of type A injury, less pronounced 
dynamics – with type B and C injuries 
(Table 2).

At the same time, the dynamics of 
changes in VAS and ODI values in the 
group of patients with kyphosis great-
er than 30° was not significantly differ-
ent from that in patients with less severe 
kyphosis (Table 3).

Fig. shows a typical clinical example.
Complications. None of the patients 

demonstrated development or wors-
ening of neurological symptoms in the 
postoperative period. Complications 
were reported in 6 (5.6 %) patients: post-
operative pleurisy on the side of the tho-
racotomy in 2 patients, urinary infection 
in 2 patients, positional brachial plexus 
injury in 1 patient, and hematoma of the 
postoperative wounds in 1 patient. Com-
plications were resolved during hospital 
stay as a result of conservative treatment.

Discussion

Here we report the results of successful 
correction of posttraumatic deformity 
in the thoracic and lumbar spine, whose 
severity ranged from moderate (30°) in 
82 patients to severe (more than 30°) 
in 24 patients. In the reported series, 
the severity of blood loss and duration 
of the operation were moderate, and 
postoperative complications were non-
specific and could not influence the 
choice of surgical approach. At the same 
time, improvement in functional capacity 
and pain relief were achieved over time.

Posttraumatic kyphotic deformities 
result in persistent pain syndromes, func-
tional disorders, and possible worsening 
of neurological symptoms. Therefore, the 
need for surgical treatment of posttrau-
matic deformities is of no doubt [4, 7, 17, 
23, 24].

Correction of posttraumatic kypho-
sis can be achieved either by increase in 
the anterior height of the spinal segment 
using operation on the ventral spine or 

formation of wedge-shaped defect in the 
posterior structures followed by correc-
tion and stable posterior internal fixation 
of the segment of interest, using osteot-
omy of their modifications [7]. However, 
in our view, the attitude to these types 
of surgical treatment including three-
column vertebrotomy should be cautious, 
especially in patients without neurologi-
cal deficit, due to the large number of 
complications, which is up to 42 % [5]. 
Of these complications, more than 2.6 % 
account for severe neurological disorders, 
such as severe paresis and plegia, result-
ing from persistent spinal cord dysfunc-
tion, which is the reason for reoperations 
in the early period. Heavy intraoperative 
blood loss greater than 4000 ml belong 
among the factors complicating the sur-
gery and postoperative period [5, 26].

In our study, the correcting ventral 
spinal fusion is a primary surgical tech-
nique that enables correction of the rigid 
segmental deformation. Anterior decom-
pression of neural structures can be per-
formed during the ventral approach, 
when necessary. Anterior spinal fusion 
is performed using mesh, crown-shaped 
hollow fixators developed at the Novosi-
birsk Research Institute of Traumatology 
and Orthopedics (registration number 
RK-IMN-5 No CP-000095), and implants 
made of porous titanium nickelide. Spi-
nal fixator enables both monosegmen-
tal anterior fusion after resection of the 
damaged portion of the vertebral body 
and degenerated disc and bisegmental 
fusion after vertebral body resection over 
the entire vertical dimension. Autologous 
osteoplastic material, which was placed 
into the hollow ventral structures prior 
to implantation and around the implant, 
provides formation of the ventral bone-
metal block within 4–6 months after the 
injury. Methodology of monosegmental 
and bisegmental anterior spinal fusion 
with these implants does not require 
extensive mobilization of ventral spinal 
segments, it is less traumatic, technically 
simple, and not associated with signifi-
cant blood loss. The use of anterior spinal 
fusion and fixators is especially effective 
and less traumatic, when using minimal-
ly-invasive and endoscopic approaches.
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On our view, when treating rigid post-
traumatic deformities accompanied by 
not only decrease in the anterior height 
of the vertebral segment, but also adna-
tion of the posterior structures charac-
teristic of type B and C injury, mobilizing 
steps, such as facetectomy, and, in some 
cases, especially when there is rotational 
deformation component, laminectomy 
and foraminotomy are appropriate.

In this case, ventral correcting manip-
ulations are safer than dorsal three-col-
umn remedial vertebrotomy. In our series 
of patients, there were no cases of the 
development or worsening of neurologi-
cal symptoms. At the same time, the lit-
erature reports the cases of neurologi-
cal complications during simultaneous 
dorsal correction after spinal osteoto-
my [5, 6, 19]. Intraoperative blood loss 
is believed to be one of the criteria of 
traumatic operation. Blood loss exceed-
ing 55 % of the circulating blood volume 
results in increased incidence of postop-
erative complications [5]. In the remedial 
vertebrotomy, it averages 1570–1600 ml 
[5, 8, 26]. In our cases, blood loss was 2 
times lower.

In some cases, transcutaneous trans-
pedicular fixation was applies at one 
stage, which contributed to decrease in 
the duration of surgery and blood loss. In 
the present group of patients, who were 
operated on for posttraumatic deformity, 

Table 2

The study of the functional capacity depending on the type of injury preceding the deformity

Injury type ODI VAS, points

Preoperative Postoperative Preoperative Postoperative

A 56.1 ± 7.2 19.1 ± 5.2* 5.6 ± 1.2 1.8 ± 0.2*

B 65.4 ± 10.1 25.3 ± 4.8* 6.4 ± 1.4 2.4 ± 0.7*

С 67.0 ± 11.1 29.8 ± 4.3* 7.8 ± 0.7 2.8 ± 0.2*

*P < 0.05.

Table 3

The study of the functional capacity depending on the severity of kyphosis

Group of patients ODI VAS, points

Preoperative Postoperative Preoperative Postoperative

1 (n = 82) 58.1 ± 7.1 21.4 ± 5.4 5.6 ± 1.2 2.2 ± 0.2

2 (n = 24) 63.4 ± 8.4 24.0 ± 4.9 6.4 ± 1.4 2.6 ± 0.3

Fig. 
Radiographs of a female patient M., 17 years old, with an injury (a fall from a horse), 
which occurred 36 months before applying to the clinic; conservative treatment was 
conducted. Diagnosis: “posttraumatic kyphosis of 34° with the apex at T11–L1 level, 
functional impairment of the spine”; ODI = 60, VAS = 6 points: a – preoperative; b – 
two-stage surgical treatment resulted in complete correction of the deformity; c –11.8 
months after surgery, kyphotic deformity correction loss by 4°, ODI = 19, VAS = 1 point

а b c
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it was shown that radiographic results of 
correction depend on the type of injury 
preceding the deformity and the sever-
ity of the deformity. The most complete 
correction of deformity was achieved in 
treatment of type A injuries. Moderate 
deformity 17.4° ± 8.4° was fully corrected 
using the anteroposterior surgery and 
had no tendency to correction loss dur-
ing further follow-up.

When treating the consequences 
of type B and C injury, correction of 
kyphotic deformity after three-stage sur-
gery (posterior, anterior, and posterior 
stages) averaged only 71.5%. Residual 
deformity averaged 8.1° ± 3.3° (5 to 12°) 
and had a tendency to increase during 
follow-up period.

We analysed correction results in the 
group 1 (less severe deformity of up 
to 30°) and group 2 (severe, over 30°). 
The analysis showed that the most com-
plete correction (on the average 95.3 %) 
was achieved, when using the discussed 
method in the group 1 regardless of the 

type of preceding injury. In the group 2, 
ventral correction of the deformity was 
less effective and correction value aver-
aged 81.5 %.

There was no statistically significant 
difference in the postoperative dynamics 
of thoracic kyphosis and lumbar lordosis 
between the groups. This is apparently 
due to the high compensatory tension 
of postural muscles.

The postoperative period was char-
acterized by high patient’s satisfaction 
according to ODI score and decrease 
in VAS scores, which was the most pro-
nounced in the case of multistage treat-
ment of the consequences of type A 
injury.

Lower correction effectiveness and 
patient’s satisfaction with the proce-
dure, when using multistage surgery, 
were obtained in patients with rigid 
deformities due to type B and C injuries. 
Spontaneous posterior bone blocks and 
high rigidity of the deformity, even with 
adequate mobilization of the posterior 

structures, often hinder full-scale cor-
rection of the deformity of the injured 
spinal segment: simultaneous intraop-
erative correction through the ventral 
approach results in reproduction of dis-
traction elements rather than extension 
elements of the segment, which is the 
cause of insufficient correction. In the 
literature, corrective dorsal vertebrotomy 
is the method of choice in the treatment 
of these deformities [4].

Conclusion

Our experience of surgical treatment of 
posttraumatic deformities suggests high 
correcting capabilities along with low 
incidence of neurological complications, 
when using combined surgery. Multistage 
combined surgery is currently the 
method of choice for surgical treatment 
of the majority of post-traumatic 
deformities, combining high correcting 
capabilities, safety, and low incidence of 
complications.
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