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Objective. To carry out a comparative analysis of two methods of the posterior bone block formation (with autograft bone chips or with 

a whole vertebral arch) and to assess the rate of bone block formation, the degree of surgery invasiveness and the patient-reported cos-

metic satisfaction with the results.

Material and Methods. The study involved 31 patients with kyphotic deformity of the thoracic spine, of which 15 patients underwent spinal 

fusion using autograft bone chips (control group), and 16 were operated on using a new technique with a whole vertebral arch. The results 

of treatment were assessed using a modified MacNab scale. During the follow-up period from 1.5 to 2 years, pain syndrome was assessed 

according to VAS, quality of life according the Oswestry Disability Index, and cosmetic satisfaction was assessed using the SRS-22 scale.

Results. In the course of the work, it was revealed that in patients who were operated on using new method, the time of bone block forma-

tion according to CT data was shorter, the overall satisfaction with surgery result was higher (mainly due to the absence of a cosmetic de-

fect), and the indicators of the operation duration and blood loss did not differ compared to those in the control group.

Conclusion. Based on the results obtained, spinal fusion using a whole vertebral arch can be recommended in clinical practice for surgical 

interventions in patients with kyphotic deformities of the spine.
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The surgical treatment of posttraumat-
ic kyphotic deformity of the spine still 
remains an urgent challenge. A massive 
blood loss is associated with corrective 
surgeries, which are traumatic [1, 2].

In recent years, various techniques 
of osteotomy have become custom-
ary, allowing eliminating any kind of 
deformity. They are usually performed 
through the posterior approach. Never-
theless, some surgical methods, such as 
pedicle subtraction osteotomy (PSO), do 
not involve the formation of an anterior 
bone block. Therefore, the surgeon has 
to create conditions for the formation of 
an optimal posterior bone block, which 
will help to maintain the achieved intra-
operative correction. 

A posterior fusion is carried out using 
auto- or allograft bone. In 1911, Albee 
[3] was the first who performed this sur-
gery in a patient with spinal tuberculosis 
(Pott’s disease). In 1975, the variant of 
posterolateral fusion (PLF) was modified 

by Wiltse [4]. This technique is currently 
being applied. The author suggested cre-
ating conditions for interarticular and 
intertransverse fusion using a bone auto-
graft from the iliac crest [5]. This tech-
nique implies additional trauma associ-
ated with the sampling of plastic material. 

A peculiarity of corrective surger-
ies performed through the posterior 
approach in the thoracolumbar and 
lumbar spine is an extended decompres-
sive laminectomy with the formation of a 
large interarch space. However, as a rule, 
it is not always possible to adequately 
perform posterior fusion without the risk 
of autograft bone migration towards the 
spinal canal. Moreover, the lack of a full-
fledged contact of the autobone in the 
interarch space may result in the resorp-
tion of plastic material in the postopera-
tive period.

Meanwhile, some patients are not sat-
isfied with the surgery, due to the sunken 
skin in the surgical site. The reason for 

this is the lack of a spinous process in the 
posterior block area.

In view of these challenges, a poste-
rior fusion technique was developed [6], 
which allows to avoid the neoarthrosis 
formation and improve the cosmetic 
results of treatment (an integrity in the 
interspinous space).

The objective is to carry out a com-
parative analysis of two methods of the 
posterior bone block formation (with 
autograft bone chips and with a whole 
vertebral arch) and to assess the rate of 
bone block formation, the degree of sur-
gery invasiveness and the patient-report-
ed cosmetic satisfaction with the results.

Material and Methods

The study involved 31 patients with 
posttraumatic kyphotic deformity of the 
thoracic and lumbar spine (Fig. 1). The 
surgeries have been performed at the 
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Traumatology and Orthopedics named 
after R.R. Vreden from 2010 to 2018. The 
patients were divided into two groups 
by simple randomization, depending 
on the posterior fusion technique. All 
the patients underwent PSO in various 
modifications (types 3, 4 according 
to Schwab [7]) through the posterior 
approach without using interbody 
implants.

In Group A, the conditions for the 
posterior bone block formation dur-
ing spinal fusion were created by auto-
graft bone chips being placed between 
the structural rods (control group). In 
Group B, the damaged vertebral arch was 
removed through the posterior medi-
an approach using a monolithic block 
(Fig. 2). 

The conditions for the formation of 
the posterior bone block during spinal 
fusion were the following: an entire arch 
of the damaged vertebra was installed in 
the intervertebral space; the autografting 
of the interosseous ligaments was per-
formed to further fix the implant and 
spread the load on the ligaments, as well 
as to improve the cosmetic effect. Addi-
tionally, the autograft bone chips made 
of local tissues was placed between the 
rods of the transpedicular system (Fig. 3).

The study consisted of patients with 
posttraumatic kyphotic deformity of 
the thoracic and lumbar spine (more 
than 11°, but less than 35°, which allows 
performing osteotomies of types 2 
and 3 according to Schwab) and pain 
syndrome. 

The patients with decompensated 
physical pathology and foci of persistent 
infection were excluded from the study.

The results of treatment were assessed 
using the following measures: a modi-
fied MacNab scale [5], VAS, quality of life 
according the Oswestry Disability Index, 
and cosmetic satisfaction by SRS-22 scale 
[8]. The patients were interviewed for a 
period of 1.5 to 2 years.

The bone block formation according 
to X-ray and CT data was assessed after 
3, 6, 9, 12, and 24 months. The following 
signs were analyzed: diastasis loss at the 

“bone autograft” border, osseous structure 
homogeneity, and trabeculation [9]. We 
have used medical records to evaluate 

the time of the surgery and the blood 
loss.

The statistical data processing was 
carried out using Microsoft Excel. The 
groups were compared using the Mann-
Whitney criterion.

Results and Discussion

Group A consisted of 15 people (9 wom-
en and 6 men). The average age was 47.5 
± 6.5 years. A local kyphotic deformity 
averaged 27.0° ± 5.5° (from 17 to 45°). 
Group B included 16 people (11 women 
and 5 men). The average age was 49.5 
± 6.5 years. A local kyphotic deformity 
averaged 29.0° ± 4.5° (from 16 to 47°).

There was no neurologic state deterio-
ration in the early postoperative and in 
the follow-up period up to a year in the 
follow-up groups. 

There were no intra- and postopera-
tive complications during the follow-up.

The injury evaluation of surgeries is 
given in Table 1.

The surgery duration and blood loss 
were not significantly different (p = 0.05) 
in both groups.

The assessment of radiological signs 
of posterior bone block formation in 
patients is given in Table 2. It ought to 
be noted that, according to the X-ray 
examination, a bone block was formed in 
all patients 24 months after the surgery.

The findings of the VAS and ODI 
patient survey are given in Table 3.

The changes in VAS and ODI did not 
significantly differ in both groups. How-
ever, in Group B, the SRS-22 indicators 
were significantly higher, mainly due to 
the “self-perception” domain.

After the findings’ comparison of 
patients, it can be concluded that, all oth-
er things being equal, the rate of posteri-
or bone block formation and satisfaction 
with the surgery was higher in the group 
of patients operated on with the repair 
of the defect by the whole vertebral arch.

While using autograft bone chips, the 
soft tissue wasting is formed in the site 
of the obsolete spinous process (pro-
cesses). This pathology is especially pro-
nounced in slim patients. In the presence 
of a spinous process, it is more difficult 
to palpate surgical hardware elements, 

the patients do not feel uncomfortable 
in the lying position. In case of extended 
kyphosis, the soft tissue defect is more 
pronounced. It is associated with local 
tension and soft tissue wasting in the 
defect area.

The bone block formation is faster 
than when using autograft bone chips, 
not only according to the study data, but 
also in comparison with the literature 
data [10–13]. This is primarily due to the 
non-requirement for the displacement of 
the whole vertebral arch. An additionally 
laid autograft bone chips contributes to 
the formation of a more reliable block by 
the thickness of the bone displacement. 
The loosening risk of surgical hardware 
elements is significantly reduced due to 
the earlier onset of stability at the surgi-
cal site.

Technically, the performance of pos-
terior fusion according to the original 
technique is simpler and does not require 
the surgeon to take actions increasing 
the risk of intraoperative complications.

Fig. 1
An X-ray picture of the patient includ-
ed in the study before the surgery: 
VI – deformed vertebra, the apex of 
kyphotic deformity
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Conclusions

The analysis of the data obtained 
showed that the findings of surgi-
cal treatment performed according 
to the original technique are better in 
comparison with the ones derived from 
the patients who underwent posterior 

fusion in the traditional way. While the 
arch is implanted in the donor site, the 
formation of the bone block is faster. 
Thus, the probability of correction loss 
due to loosening of the surgical hardware 
elements is less. A cosmetic satisfaction 
of patients is associated with the absence 
of interspinous space depression. 

Meanwhile, blood loss, surgery duration, 
and severity of postoperative pain 
syndrome did not differ significantly in 
the comparison groups.

The study had no sponsors. The authors declare 

that they have no conflict of interest.

Fig. 2
The original technique of vertebral arch resection: a – a scheme of arch sawing; b – a 
resected arch, anterior projection; c – a resected arch, lateral projection

Fig. 3
Formation of the posterior bone block: a – the removed arch (I) is implanted in the 
defect area; b – posterior fusion using autograft bone chips (II); a supraspinous ligament 
suture (III); c – X-ray findings: IV – a reimplanted arch, V – vertebra after osteotomy
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Table 1

An injury evaluation of the surgery

The injury criterion of the surgery Group A Group B

Blood loss, ml 430 ± 100 460 ± 90

Surgery duration, min 180 ± 35 200 ± 30

Table 2

Distribution of patients according to the duration of bone block formation, n

Duration of X-ray examination Group A (n = 15) Group B (n = 16)

9 months after surgery 4 10

12 months after surgery 13 15

Table 3

VAS and ODI indicators before and after treatment of study group patients

Average indicator Group A (n = 15) Group B (n = 16)

VAS before treatment, points 5.2 ± 1.2 5.6 ± 1.1

VAS 6 months after treatment, points 1.6 ± 0.6 1.2 ± 0.5

ODI before treatment, % 75.0 80.0

ODI 6 months after treatment, % 24.5 25.6

SRS-22

“Self-perception” domain (max. 25 points)

   65.0 ± 13.0

16.0  ± 3.0

   82.0 ± 10.0

23.0 ± 2.0
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