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The development of surgical techniques, 
based on the seminal work by Boriani 
et al. [5, 6] and advances in imaging 
techniques enabled the use of basic 
oncology principles in treatment of 
primary spinal tumors. This option 
sets them apart from metastatic spinal 
tumors, which in recent years have 
been requiring increasingly tailored 
choice of treatment due to significant 
variability of secondary lesions of the 
same histological nature [8, 9]. To a large 
extent, the lack of common standards 
for treatment of primary spinal tumors 
can be attributed to highly specialized 
approaches employed by oncologists, 
orthopaedists and neurosurgeons and 
contradictory concepts used by different 
professionals involved in treatment of 
this particular nosology. Creation of 

“spinal surgery” specialization might 
address the issue of optimization of 
treatment principles for vertebral 
neoplasms.

The common approach to spinal 
tumors treatment is based on the 

principles of  bone oncology,  in 
particular on resection of parts of the 
musculoskeletal system developed by 
Enneking [7]. The existing principles 
of en-block resection of primary and 
metastatic spinal neoplasms require 
taking into account a number of aspects 
that distinguish oncovertebrological 
problems from problems encountered, 
e.g., in disarticulation of affected limbs.

The purpose of research is to study 
the efficacy of differentiated surgical 
treatment for primary spinal neoplasms 
based on evaluation of post-operative 
clinical condition, survival rates of 
patients and incidence of intra- and early 
postoperative complications.

Material and Methods

The study included 68 patients with 
primary spinal neoplasms. The average 
age was 43.8 years (34 to 68 years) 
and 64 % of the patients were male. 
The distribution of patients by tumor 
histology is shown in Table 1.

This study examined only the 
outcomes of surgical treatment delivered 
by the authors. In all cases, the decision 
to perform a surgery was made by an 
inter-institutional oncological council, 
after a biopsy, and was based on 
oncology principles and WBB, SOSG 
recommendations, as well as a few 
national guidelines [2, 3, 5, 10]. Thus, 
this paper analyzes the outcomes of 
treatment of 55 patients with primary 
spinal neoplasms for whom surgery 
was chosen as the main stage of 
pathognomonic treatment. The material 
was collected and the outcomes were 
evaluated over 5 years.

T h e  m o s t  c o m m o n  c l i n i c a l 
manifestation of a neoplasm was local 
pain. In our study, the incidence of 
isolated back pain as the main complaint 
upon admission was equal to the 
incidence of pain combined with nerve 
conduction disorders, paresis of varying 
degree of severity (Table 2).

Distribution of patients by severity 
of  motor  impairment  i s  shown 
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Table 1

Distribution of patients with primary spinal neoplasms by histological nature of the tumor, n

Nature of the tumor Overall number of 

patients

Patients who underwent a surgery 

(levels of the lesions)

Aggressive hemangioma 12 11 (С2, T8, L2)

Chondrosarcoma 9 9 (C1, T3, L6)

Aneurysmal bone cyst 8 8 (C5, T3)

Plasmacytoma 9 4 (T)

Lymphoma 7 2 (T, L)

Chordoma 8 8 (C5, T1, L2)

Giant-cell tumor 5 5 (C1, L4)

Hemangioendothelioma 1 1 (Th)

Osteosarcoma 1 1 (L)

Ewing's sarcoma 2 1 (С)

Fibrous cell dysplasia 2 2 (L)

Chondroma 2 2 (Th, L)

Eosinophilic granuloma 2 1 (C)

TOTAL 68 55

Table 2

Incidence of various neurological symptoms and combinations thereof, n (%)

Clinical symptoms (complaints) Incidence

Local back pain 18 (38)

Pain combined with segmental disorders 6 (22)

Pain combined with nerve conduction disorders 20 (40)

in Fig. 1. Frankel scale was used for 
evaluation. The majority of patients had 
no or minimal motor impairment.

The primary examination included 
CT of the affected section of the spine, 
which allowed evaluation of the degree 
of cortical layer destruction and tumor 
calcification [20]. Relevant information 
was also derived from MRI of the spine 
and included assessment of the following 
diagnostic symptoms:

– soft-tissue component in the bone 
structure;

– changes in the surrounding 
paraspinal tissues;

– compression of neural structures;
– infiltration of the spongy substance 

of the vertebrae;
– epidural component.

In a large proportion of cases (ca. 
75 % of cases) the use of these diagnostic 
tools allowed putative elucidation 
of histological nature of the primary 

neoplasm with high degree of certainty. 
In 10% of cases, assumptions about 
histological nature of the tumor, in the 
absence of definite diagnosis, allowed 
performance of the surgery without prior 
biopsy due to the risk of dissemination 
of the tumor. The biopsy was not 
performed in case of pronouncedly 
vascular character of the neoplasm and 
high risk of bleeding (especially in case of 
penetration of the tumor into the spinal 
canal) (Fig. 2).

Four different biopsy techniques were 
used (a combination of methods was 
used in the absence of a reliable result):

– Fine needle aspiration biopsy, 
primarily cytological study (4 cases);

– Trephine biopsy, thick need biopsy 
with collection of bone marrow sample 
in one piece (42 cases);

– Open incision biopsy, collection of 
the neoplasm’s fragment through an 
incision (18 cases);

– Total resection of the neoplasm with 
a biopsy, excisional biopsy (10 casеs) [13].

For patients  with dif ferential 
diagnosis of only primary benign spinal 
neoplasms, based on imaging studies, 
excisional biopsy was an adequate 
option for the рfinal diagnosis and 
treatment. However, since the probability 
of local tumor spread in open incisional 
and excisional biopsies is quite high, 
trephine biopsy was performed in all 
cases of uncertain histological nature 
of the tumor. Upon identification of a 
highly malignant neoplasm, the channel 
excision along the course of a biopsy 
needle was performed according to 
the recommendations [23]. It requires 
planning of the progress of biopsy 
needle course. In our series, nearly 30 % 
of trephine biopsies were unproductive, 
and in 25 % of cases the histological 
diagnosis did not match the final one, 
based on examination of the tumor as 
a whole.

Instability was evaluated using 
instability score [10, 11]. The scale 
(spine instability neoplastic score, 
SINS), developed by members of Spine 
Oncology Study Group in 2010, contains 
the main criteria defining the stability 
of the spine: pain, a type of bone lesion, 
radiographic signs of spinal alignment, 
vertebral body collapse, posterolateral 
involvement of spinal elements. The 
maximum numerical value for the 
instability is 18 points. According to 
the researchers, the values up to 6 may 
indicate conditional stability of the spine 
and do not require additional fixing 
measures (Fig. 3).

The average value in our group of 
patients was 5.78 points (4.08 to 11.0), 
i,e. most patients had stable destructions 
of vertebra. It should be noted that, 
according to the literature [7], the 
average SINS value in spinal metastases 
exceeds 9 and characterizes more 
destructive metastatic lesions compared 
to primary tumors.

Surgical resection was performed in 
case of signs of compression of neural 
structures and instability. In case of 
radiosensitive tumors, surgical treatment 
was often limited to removal of vertebral 
body fragments displaced into the 
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Fig. 1
Distribution of patients with motor impairment on Frankel scale
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Fig. 2
MRI of a patient with cavernous angioma at the level of L2 vertebra on the right: 
different modes suggest liquid component of the tumor in the spinal canal and soft 
tissues

Fig. 3
MRI of a patient with chondrosarcoma at Th12: despite of the transition level of damage, 
SINS score of 5 characterizes a stable segment

spinal canal after pathological fracture 
(34 %; retropulsion). In the case of post-
radiation collapse of radiosensitive 
neoplasms in the vertebral body, 
decompression of the spinal canal was 
supplemented with vertebroplasty and 
instrumental stabilization of the affected 
segments. Since the development of 
instability and compression of the 
spinal canal was, essentially, caused by 
the radiotherapy, the surgeon’s task was 
not the complete resection of the tumor 
node, which would had been technically 
difficult and dangerous for a patient 
due to size and location, but rather the 
separation of nervous structures and 
bone neoplasms to optimize further 
radiation exposure (Fig. 4).

A group of tumors with average 
sensitivity to adjuvant therapy included 
patients with sarcomas; the most 
common primary childhood neoplasm 
is Ewing’s sarcoma (Fig. 5). There were 
12 cases among our patients. These 
neoplasms can be successfully managed 
by conservative therapy as a pre-
operative stage. However, one should 
keep in mind a potential cytotoxic 
effect of radiochemotherapy, which 
complicates the surgical wound healing 
and reduces a patient’s resistance to 
infection. Despite aggressive tactics 
against sarcomas (preoperative therapy 
followed by en-block resection), the 
prognosis for this group of tumors is 
poor with 5-year survival rate of less than 
50 % [18].

A group of tumors that are not 
responsive to chemo-radiotherapy 
includes chordomas and chondrosarco-
mas (18 patients). The only treatment 
option for these primary neoplasms 
is en-block resection [1]. The existing 
evidence on the effectiveness of proton 
therapy and neoadjuvant therapy may 
be useful, if total removal of the tumor 
is impossible. Tumor excision to prevent 
its penetration into the surrounding 
tissues defines life expectancy of the 
patients, which does not depend on 
distant metastases, but mostly on local 
recurrence (Fig. 6).

Surgical options for removal of 
primary spinal tumors in the described 
series of cases include the following:
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Fig. 4
MRI of a patient with a solitary plasmacytoma: tumor size, nature of its spread, and its 
histological structure do not suggest a total resection and require only decompression 
of neural structures

Fig. 5
MRI of a patient with Ewing’s sarcoma in upper cervical vertebrae: the pattern of its 
growth and size prevent the total removal

Fig. 6
MRI and CT of a patient with chondrosarcoma of mesothoracic spine: the characteristic form of the tumor is confirmed by a combination 
of studies

– intratumoral curettage (18 patients);
– wide excision by morcellation (21 

patients);
– en-bloc resection (12 patients).
In two cases, the operation included 

isolated vertebroplasty, and in two 
other cases, in combination with 

removal of the tumor fragments. Wide 
resection involved larger, compared with 
intratumoral, access with visualization 
of adjacent structures and the need to 
remove the tumor up to the area which 
is free from neoplasm (negative edge). 
En-block removal of the tumor includes 

removal of the neoplasm as a single 
intact unit or as two units according to 
Tomita [21] (Fig. 7).

En-block resection is the most 
efficient operation (in our series of 
12 patients) in terms of preventing 
recurrence; however, technically it is 
much more difficult than intratumoral 
removal [17]. The rate of postoperative 
neurological complications of en-block 
is much higher than in other resection 
options due to the need to cross neuro-
vascular entities involved in the tumor.

Postoperative adjuvant therapy was 
conducted in specialized oncological 
institutions, and its effectiveness was 
not assessed in this study. Control of 
local recurrences of the primary tumor 
was achieved by radiation therapy 
in 22 (88 %) patients with malignant 
primary tumors. Proton therapy as 
a monotherapy or in combination 
with radiotherapy was used as a 
postoperative management option for 
primary malignant spinal neoplasms. In 
case of proton therapy, the possibility 
of achieving the maximum dose with 
a pronounced gradient near the nerve 
structures helped to avoid post-radiation 
complications [22].

Results and discussion

The choice of surgical tactics is 
dictated by the spread of the tumor, its 
morphological structure and presence 
of metastases. The authors of this 
study identified two major objectives 
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of surgical treatment: removal of the 
neoplasm and recovery of support ability 
of the spine. Enneking Staging System for 
spinal lesions [7] was used to justify the 
nature and scope of surgical resection 
(Table 3).

Our series included 2 cases of 
S1 (aneurysmal  bone cysts  and 
hemangioendothelioma) and 25 cases 
of S2 (aggressive hemangioma and 
giant-cell tumors, as well as eosinophilic 
granulomas and chordomas). The most 
prevalent group among malignant 

tumors was IIB category (24 (43 %) 
patients).

Feasibility of en-block resection of 
the tumor is defined by the presence 
and condition of the tumor capsule and 
pseudocapsule. According to classical 
concepts by Roy-Camille [15], en-block 
resection of tubular bones involves 
removal of the neoplasm, including 
pseudocapsule, within healthy tissue 
with involving all adjacent structures 
and tissues. Due to particular structural 
features of the spine and the presence 

Fig. 7
Fragments of the vertebral bodies from the thoracic spine removed during en-block 
resection according to Tomita [21]

Table 3

The choice of treatment based on the degree of tumor spread

Tumor Stages Description Treatment

Benign S1 (latent): no growth Well pronounced capsule Nonsurgical (except for situations 

where the required decompression / 

stabilization)

S2 (active): slow growth Thin capsule, reactive 

pseudocapsule

Intratumoral curettage

S3 (aggressive): rapid growth Indistinct capsule, wide reactive 

pseudocapsule

Marginal en-block resection

Malignant Low level (I):

IA (inside the vertebra)

IB (paravertebral spread)

Wide pseudocapsule Wide en-block resection

High degree (II):

IIA (inside the vertebra)

IIB (paravertebral spread)

Pseudocapsule infiltrated by a 

tumor

Wide en-block resection and 

adjuvant therapy

The high degree of metastases (III) Distant metastases Palliative surgery and adjuvant 

therapy

neuro-vascular entities in the tumor, 
this tactic was not always feasible, even 
though it was preferred. Broad en-block 
resection is also indicated in case of 
dissemination into the surrounding 
tissues due to intraoperative damage to 
the neoplasm or in case of preoperative 
biopsy, involving the spread of the 
tumor into the adjacent tissue. The 
technical feasibility of the resection and 
the degree of involvement of adjacent 
organs and tissues is considered after the 
stage of the tumor is determined and 
the type of surgical treatment is agreed 
upon. Ingrowth into adjacent organs, 
especially in the case of sarcomas, is 
the main reason why the total removal 
of neoplasms was impossible. En-bloc 
resection algorithm used in this paper is 
shown in Fig. 8.

If en-block resection was feasible, the 
surgical access included the resection 
of the neoplasm without damage to the 
capsule. The most common complicating 
factor of en-block resection of the 
neoplasm was its location next to the 
spinal cord. Ventral location of the 
tumor (in the vertebral body) required 
a fairly broad lateral dilation that allows 
bypassing the spinal cord without injury. 
The involvement of the vertebral arches 
and pedicles in the process made broad 
en-block resection impossible. Tumor 
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Fig. 8
The general algorithm of en-block resection of the primary

ENSURE
— preparation of the central vessels for blood transfusion

– adequate patient positioning
– neuromonitoring

ISOLATION
— avoid damage to the capsule

– perform laminectomy above, below, and at the level of the neoplasm
– remove the maximum amount of the posterior vertebral structures

 without destroying the tumor capsule

RELEASE OF THE NERVE STRUCTURES
— сross the nerve roots with tumor ingrowth

– create a plane of dissection between nerve structures/dural sac and tumor

STABILIZATION
removal of the vertebral body, which caused instability, requires provisional 

transpedicular fixation to prevent displacement

RESECTION OF THE ANTERIOR COLUMN
by osteotomy or discectomy – tumor mobilization

EN-BLOCK RESECTION OF THE TUMOR

RESTORATION OF STABILITY AND WOUND CLOSURE

CIRCULAR ISOLATION OF THE NEOPLASM
— the tumor is separated from all surrounding nerve and osteo-ligamentous structures

— vessels, including radicular ones, are isolatedand ligated in case of ingrowth

damage to the ring, forming the spinal 
canal, required the removal of the neo-
plasm en-block from the intact side of 
the ring.

It is generally believed that en-block 
resections are more technically challeng-
ing if performed from the caudal to the 
cranial end. In particular, sacretomies 
(especially of the lower and middle third) 
may be performed from single posterior 

access without additional stabilization 
(Fig. 9).

The en-bloc resection at the lum-
bar level should take into account the 
location of the nerve roots, ureter, parts 
of the colon and often requires instru-
mental 360° reconstruction in the area 
of resection [19]. Thoracic neoplasms 
involve reconstruction of the chest wall 
and the support ability of the spine. The 
involvement of subaxial cervical spine 

into the tumor process requires taking 
into account innervation of the dia-
phragm and the upper extremities and 
relationship with the vertebral artery, 
esophagus and trachea. Accesses to upper 
cervical vertebrae are the most difficult 
ones since they require transoral/trans-
mandibular access. The general algorithm 
for selection of treatment method for the 
spinal tumors is shown in Fig. 10.

Monitoring and early detection of 
local recurrence is the most important 
task in the postoperative period. About 
80 % of Ewing’s sarcoma, for example, 
recurs in case of intratumoral resection. 
However, detection of distant metastases 
involves conducting radiotherapy and 
chemotherapy of the primary neoplasm 
concurrently to the resection, regardless 
of the nature of the surgery. Therefore, it 
should be kept in mind that survival of 
patients with primary malignant spinal 
tumors depends on onset of local recur-
rence rather than on detection of distant 
metastases.

For spinal tumors, surgical treatment 
outcomes depend mostly on incidence 
and management of intraoperative and 
early postoperative complications. A total 
of 8 (15 %) patients in our group expe-
rienced surgical complications. There 
were no lethal complications.

Five patients had hemorrhagic com-
plications during the surgery. In 3 cases, 
they accompanied en-block resection of 
chondrosarcomas (sacrum (2); Th12 ver-
tebrae (1), in 1 case the bleeding from 
the vertebral artery in aggressive C2 hem-
angioma was stopped intraoperatively 
by endovascular embolization followed 
by prolonged neurological recovery. Pre-
operative endovascular embolizations 
were performed in 8 (14.5 %) patients 
due to presumably vascular nature of the 
tumors. Blood loss during hemorrhagic 
complications averaged 5.5 liters. The 
average blood loss during primary spinal 
tumors resection amounted to 1.12 liters 
(0.6 to 3.5). In all cases, preparation for 
surgery involved the use of autotransfu-
sion and transfusion of blood/plasma of 
the same blood type.

The second most frequent complica-
tion was deep wound infection (2 cas-
es) in sacrum chondrosarcomas (post-
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Рис. 9
En-block resection of sacral chordoma from the posterior access

Fig. 10
En-block resection of sacral chordoma from the posterior access
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Fig. 11
Post-surgery dynamics of motor impairment at Frankel scale
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operative complications). In both cases 
there were plastic skin defects after the 
total resection of the sacrum, requiring 
repeated interventions to transplant skin 
graft, including the closure of the bone 
defect using fat graft from the anterior 
abdominal wall. In the latter case, the 
closure of the skin defect and complete 
cure of infection has not been achieved. 
The patient died of tumor recurrence 8 
months after the primary surgery.

Complications associated with post-
operative liquorrhea (2 cases) were 
managed by lumbar drainage. Overall, 
according to different researchers the 
incidence of intraoperative and early 
postoperative complications ranges from 
12 to 20 % [4], which indicates that our 
study is in agreement with international 
standards for similar series of primary 
spinal tumors.

Since 20 (40 %) patients had nerve 
conduction disorders at admission, we 
assessed the nature and degree of recov-
ery of neurological functions. The spinal 
decompression reduced severity of neu-
rological disorders by an average of one 
step on the Frankel scale for half of the 
patients. Therefore, neurological disor-
ders were observed in 15 patients after 
the surgery and are represented in Fig. 11.

Due to the diverse tumor histologies 
and postoperative treatment in special-
ized oncology institutions, reliable fol-
low-up information is available for only 
40 (72 %) patients. The review of follow-
up data for the patients revealed survival 
and local recurrence rates as presented 
in Table 4.

Despite the short time of follow-up 
(12–36 months) and lack of follow-up 
data for one third of the patients, the 
treatment outcomes demonstrate the 
advantages of en-blok resection in case 
of primary malignant neoplasms: 5 (50 
%) patients with chondrosarcoma and 
chordoma had no relapse for more than 
2 years. Studies by a number of scien-
tists have shown that en-block resection 
of primary malignant tumors (chondro-
sarcoma, chordoma) reduces recurrence 
rate from 100 to 22 % [16]. Since, in con-
trast to metastatic spinal tumors, prima-
ry tumors account only for 5% of cases 
[4], early diagnosis of the primary spinal 
tumors and late onset of metastasis, as 
well as high proficiency in total resec-
tion, allow a doctor to completely cure 
a patient. Early diagnosis and treatment 
are crucial for these patients prognosis. 
Proper conduct of biopsy without dis-
semination of the tumor followed by dif-
ferentiated wide resection of the tumor 

can ensure recovery of patients. The his-
tological type of tumor, evaluation of its 
spread and severity of pain syndrome 
and neurological deficit make it possible 
to plan adequate combination of treat-
ment options to avoid complications.

Local pain in the spine, often aggra-
vated at night, is a common clinical 
manifestation of primary spinal tumors. 
The nighttime pain can be attributed to 
periosteal tension due to stromal tumor 
edema. The pain can also be caused by 
instability. The symptoms associated with 
compression of the neural structures are 
less common [5, 17].

The stability of the spine is affected in 
15 % of patients with spinal tumors. Sur-
gical treatment of primary spinal tumors 
results in 84 % recovery rate for vertebral 
column support ability whereas in the 
group of patients with isolated radio-
therapy the stability was preserved only 
in 50 % of the cases [14].

We should not forget about percuta-
neous techniques (vertebroplasty, kypho-
plasty) in treatment of primary spinal 
lesions that are not accompanied by 
neural compression [12]. In combination 
with radiotherapy (ablation, cryosurgery) 
and, in the case of instability, with percu-
taneous vertebral stabilization, they can 
serve as an effective minimally invasive 
surgical strategy.

Conclusion

Development of treatment strategies for 
primary spinal tumors should take into 
account palliative surgery options, which 
include decompression of neurovascular 
entities. Capabilities of the modern 
radiopharmacotherapy of malignancies 
enable long-term control of the tumor 
growth, even when the total resection is 
impossible [24].

Patients with tumors of the spine 
require careful choice of a multidisci-
plinary treatment. Increasing the life 
expectancy of patients with malignant 
tumors and improving the quality of life 
in patients with tumors of different his-
tological structure are decisive factors in 
the choice of tactics and dictate the vari-
ability of approaches to treatment.
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Table 4

Analysis of the differentiated treatment outcomes in patients with primary spinal tumors

Histological nature of the tumour Patients (n) and the type of surgery Outcome of the primary spinal tumor

Osteosarcoma 1; intratumoral resection (palliative) Death after 6 months

Chondrosarcoma 4; en-block resection 1 – deep infection and death within 8 months; 1 relapse

6; wide resection 4 relapses; 2 unknown

Chordoma 6; en-block resection 2 relapses within a year; 1 death after 2 years 

2; wide resection 1 relapse; 1 unknown

Plasmacytoma 4; wide resection, radiation chemotherapy 1 relapse, death after 10 months.

Lymphoma 2; intratumoral resection, radiation therapy Unknown

Giant-cell tumor 2; en-block resection 1 relapse within 2 months

3; wide resection 2 relapses

Aggressive hemangioma 4; vertebroplasty 2 relapses

7; vertebroplasty + wide resection 1 relapse with radiation therapy

Aneurysmal bone cyst 6; wide resection 2 relapses

2; intratumoral resection + vertebroplasty Unknown

Hemangioendothelioma 1; wide resection –

Fibrous cell dysplasia 2; wide resection No relapse for 1 year

Chondroma 2; wide resection No relapse for 18 months

Eosinophilic granuloma 1; intratumoral resection + chemotherapy No relapse for 3 years

References

1. Konovalov AN, Sidorkin DV, Shkarubo AN, Usachev DYu, Makhmudov UB. 

[Chordomas of the Skull Base and the Craniovertebral Junction. Moscow, 2014. In 

Russian].

2. Ptashnikov DA, Usikov VD, Korytova LI, Magomedov ShSh, Karagodin DF, 

Rominskiy SP, Dulaev AK, Alikov ZYu, Dulaeva NM. [Algorithm of the surgical 

treatment for spinal tumors. Traumatology and Orthopedics of Russia. 2010;(2):132–

135. In Russian].

3. Ptashnikov DA, Usikov VD. [Results of surgical treatment of patients with benign 

tumors of the spine. Hir Pozvonoc. 2005;(4):61–65. In Russian].

4. Bilsky MH, Fraser JF. Complication avoidance in vertebral column spine tumors. 

Neurosurg Clin N Am. 2006;17:317-329. DOI: 10.1016/j.nec.2006.04.007.

5. Boriani S, Weinstein JN, Biagini R. Primary bone tumors of the spine. Terminology 

and surgical staging. Spine 1997;22:1036–1044.

6. Boriani S, Biagini R, De Iure F, Andreoli I, Cam  panacci L, De Fiore M, Zanoni A. 

Primary bone tumors of the spine: a survey of the evaluation and treatment at the Isti-

tuto Ortopedico Rizzoli. Orthopedics. 1995;18:993–1000.

7. Enneking WF. A system of staging musculoskeletal neoplasms. Clin Orthop Relat 

Res. 1986;(204):9–24.

8. Fisher CG, Keynan O, Boyd MC, Dvorak MF. The surgical management of pri-

mary tumors of the spine: initial results of an ongoing prospective cohort study. Spine. 

2005;30:1899–1908.

9. Fisher CG, Saravanja DD, Dvorak MF, Ramp  ersaud YR, Clarkson PW, 

Hurlbert J, Fox R, Zhang H, Lewis S, Riaz S, Ferguson PC, Boyd MC. Surgi-

cal management of primary bone tumors of the spine: validation of an approach to 

enhance cure and reduce local recurrence. Spine. 2011;36:830–836. DOI: 10.1097/

BRS.0b013e3181e502e5.

10. Fisher CG, DiPaola CP, Ryken TC, Bilsky MH, Shaffrey CI, Berven SH, Harrop JS, 

Fehlings MG, Boriani S, Chou D, Schmidt MH, Polly DW, Biag  ini R, Burch S, 

Dekutoski MB, Ganju A, Gersz  ten PC, Gokaslan ZL, Groff MW, Liebsch NJ, 

Mendel E, Okuno SH, Patel S, Rhines LD, Rose PS, Sciubba DM, Sundare-

san N, Tomita K, Var  ga PP, Vialle LR, Vrionis FD, Yamada Y, Four  ney DR. 

A novel classification system for spinal instability in neoplastic disease: an evidence-

based approach and expert consensus from the Spine Oncology Study Group. Spine. 

2010;35:E1221–E1229. DOI: 10.1097/BRS.0b013e3181e16ae2.

11. Fourney DR, Frangou EM, Ryken TC, Dipaola CP, Shaffrey CI, Berven SH, 

Bilsky MH, Harrop JS, Fehlings MG, Boriani S, Chou D, Schmidt MH, Polly 

DW, Biagini R, Burch S, Dekutos  ki MB, Ganju A, Gerszten PC, Gokaslan ZL, 

Groff MW, Liebsch NJ, Mendel E, Okuno SH, Patel S, Rhines LD, Rose PS, Sci-

ubba DM, Sun  daresan N, Tomita K, Varga PP, Vialle LR, Vri  onis FD, Yamada Y, 

Fisher CG. Spinal instability neoplastic score: an analysis of reliability and validity 

from the spine oncology study group. J Clin Oncol. 2011;29:3072–3077. DOI: 10.1200/

JCO.2010.34.3897.

12. Friedman M, Kim TH, Panahon AM. Spinal cord compression in malignant 

lymphoma. Treatment and results. Cancer. 1976;37:1485–1491. 13. Gelb DE, Bridwell 

KH. Primary benign tumors of the spine. In: Bridwell KH,DeWald RL, eds. The Textbook 

of Spinal Surgery. 2nd ed., Philadelphia: LippincottRaven, 1997:1959–1981.

14. Levine AM, Crandall DG. The treatment of primary malignant tumors of the spine 

and sacrum. In: Bridwell KH,DeWald RL, eds. The Textbook of Spinal Surgery. 2nd ed., 

Philadelphia: Lippincott-Raven, 1997:1986–2006.

15. Roy Camille R, Saillant G, Hernigou P, Cis terne JP. [Resection en bloc of the 

scapulohumeral joint and the upper end of the humerous for tumor (author’s transl)]. 

Rev Chir Orthop Reparatrice Appar Mot. 1982;68:211–214. In French.



20
Tumors and inflammatory diseases of the spine

2015. N 3. С. 11–20Digest of Spine Surgery Journal  

A.O. Gushcha et al. Surgical Treatment of Primary Spinal Tumors: Tactics and Results

16. Chi JH, Sciubba DM, Rhines LD, et al. Surgery for primary vertebral tumors: en bloc 

versus intralesional resection. Neurosurg Clin N Am. 2008;19:111–117. DOI: 10.1016/j.

nec.2007.10.004.

17. Boriani S, Bandiera S, Donthineni R, Amendo  la L, Cappuccio M, De Iure F, 

Gasbarrini A. Morbidity of en bloc resections in the spine. Eur Spine J. 2010;19:231–

241. DOI: 10.1007/s00586-009-1137-z.

18. Smith MA, Seibel NL, Altekruse SF, Ries LA, Mel  bert DL, O’Leary M, Smith FO, 

Reaman GH. Outcomes for children and adolescents with cancer: challenges for the 

twenty-first century. J Clin Oncol. 2010;28:2625–2634. DOI: 10.1200/JCO.2009.27.0421.

19. Strike SA, McCarthy EF. Chondrosarcoma of the spine: a series of 16 cases and a 

review of the literature. Iowa Orthop J. 2011;31:154–159.

20. Sundaresan N, Streinberger AA, Moore F, Sachdev VP, Krol G, Hough L, Kel-

liher K. Indications and results of combined anterior-posterior approaches for spine 

tumors surgery. J Neurosurg.1996;85:438–446. DOI: 10.3171/jns.1996.85.3.0438.

21. Tomita K, Kawahara N, Baba H, Tsuchiya H, Fujita T, Toribatake Y. Total en 

bloc spondylectomy: a new surgical technique for primary malignant vertebral tumors. 

Spine. 1997;22:324–333.

22. Torres MA, Chang EL, Mahajan A, Lege DG, Riley BA, Zhang X, Lii M, Kornguth 

DG, Pel  loski CE, Woo SY. Optimal treatment planning for skull base chordoma: pho-

tons, prontons, or a combination of both? Int J Radiat Oncol Biol Phys. 2009;74:1033–

1039. DOI: 10.1016/j. ijrobp.2008.09.029.

23. McAffee PC, Zdeblick TA. Tumors of the thoracic and lumbar spine: surgical treat-

ment via the anterior approach. J Spinal Disord. 1989;2:145–154.

24. Jacobs W, Fehlings M. Primary vertebral column tumors. In: Dickman C., Fehlings M., 

Gokaslan Z., eds. Spinal Cord and Spinal Column Tumors: Principles and Practice. New 

York: Thieme, 2006:369–386.

Address correspondence to:
Gushcha Artyom Olegovich
Volokolamskoe road, 80, Moscow, 125367, Russia, 
agou@endospine.ru

Nikolay Aleksandrovich Konovalov, MD, DMSc, N.N. Burdenko Neurosurgical Institute; Artyom Olegovich Gushcha, MD, DMSc; Sergey Olegovich Arestov, MD, PhD; 

Aleksey Alekseyevich Kashcheev, MD, PhD; Maksim Dmitryevich Dreval, MD, fellow, Neurology Research Center, Moscow, Russia.


