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Abstract
Background. Vertebral body replacement is one of the key surgical methods for the treatment of spinal tumors.  
One of its most common complications is vertebral body implant subsidence. 
The aim of the review — to compare the subsidence rates of various types of vertebral body implants used in 
the surgical treatment of thoracic and lumbar spinal tumors in order to determine the optimal reconstruction 
methods for patients with spinal tumors.
Methods. A systematic literature review was conducted in accordance with the PRISMA guidelines. The 
search was performed in the PubMed, Google Scholar, and eLIBRARY databases. Studies were included if they 
involved vertebral body replacement in patients aged 18 years and older with oncologic lesions, provided a 
clear definition of subsidence, and analyzed risk factors. Various implant types were evaluated, including 
expandable, mesh, 3D-printed commercial, and patient-specific prostheses.
Results. Thirteen studies were included in the analysis (12 retrospective and 1 prospective) comprising a 
total of 661 patients. The highest subsidence rates were observed with titanium mesh cages, ranging from 
63.8 to 71.4%. Expandable implants demonstrated more favorable outcomes, with subsidence rates from 5.3 
to 35.3%. The results for 3D-printed implants were the most inconsistent, ranging from 0 to 100% across 
studies. The follow-up period varied from 7.4 to 101 months.
Conclusions. Expandable implants demonstrate the most favorable subsidence rates in vertebral body 
replacement for patients with spinal tumors. The high subsidence rates of titanium mesh cages may be 
attributed to a mismatch between the elastic modulus of the implant and bone tissue. 3D-printed implants 
require further investigation to optimize their design and clinical use. An individualized approach to 
prosthesis selection considering risk factors is essential.
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Реферат
Актуальность. Протезирование тел позвонков является одним из ключевых методов хирургического 
лечения опухолевых поражений позвоночника. Одним из наиболее распространенных его осложнений 
является проседание протеза тела позвонка. 
Цель обзора — сравнить частоту проседания различных типов протезов тел позвонков при хирургиче-
ском лечении опухолевых поражений грудного и поясничного отделов позвоночника для определения 
оптимальных методов реконструкции позвоночного столба у пациентов с опухолями позвоночника.
Материал и методы. Проведен систематический обзор литературы в соответствии с рекомендация-
ми PRISMA. Поиск осуществлялся в базах данных PubMed, Google Scholar и eLIBRARY. Были включены 
исследования, посвященные протезированию тел позвонков при опухолевых поражениях у пациентов 
18 лет и старше, с четким определением проседания и анализом факторов риска. Анализировались 
различные типы имплантатов: раздвижные, сетчатые, серийные и индивидуальные 3D-протезы.
Результаты. В анализ включено 13 исследований (12 ретроспективных, 1 проспективное) с участи-
ем 661 пациента. Наибольшая частота проседания зафиксирована для титановых сетчатых протезов 
— от 63,8 до 71,4%. Раздвижные имплантаты продемонстрировали более благоприятные результаты 
с частотой проседания от 5,3 до 35,3%. Результаты применения 3D-имплантатов оказались наиболее 
противоречивыми, варьируя от 0 до 100% в различных исследованиях. Период наблюдения составлял 
от 7,4 до 101 мес.
Заключение. Раздвижные имплантаты демонстрируют наиболее благоприятные результаты в отноше-
нии частоты проседания при протезировании тел позвонков у пациентов с опухолями позвоночника. 
Высокая частота проседания титановых сетчатых протезов может быть обусловлена несоответствием 
модуля упругости имплантата и костной ткани. 3D-протезы требуют дальнейшего изучения для опти-
мизации их дизайна и клинического применения. Необходим индивидуальный подход к выбору типа 
протеза с учетом факторов риска.

Ключевые слова: протезирование тел позвонков; опухоли позвоночника; проседание имплантатов; 
раздвижные протезы; титановые сетчатые протезы; 3D-имплантаты; спондилэктомия.
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introduction
Vertebral body replacement is one of the key 
surgical methods for the treatment of spinal 
tumors. This procedure restores the load-bearing 
function and stability of the spinal column after 
the resection of the affected vertebra [1, 2]. The 
long-term effectiveness of the method largely 
depends on the stability of the implanted device 
and its integration with the adjacent bone 
structures [3]. Vertebral body implant subsidence 
is one of the most common complications, which 
can lead to sagittal imbalance, compression of 
neural structures, pain syndrome, and, ultimately, 
the need for revision surgery [4].

Assessing the incidence of implant sub-
sidence and identifying the factors influen-
cing its development is critically important for 
optimizing surgical strategies and improving 
long-term treatment outcomes [5]. Modern 
spinal surgery utilizes a wide range of vertebral 
body implants, including traditional titanium 
mesh cages, expandable implants, and innovative 
3D-printed and patient-specific prostheses [6]. 
Each implant type has unique biomechanical 
properties that may differentially affect the risk 
of subsidence.

Despite significant advances in the develop-
ment of new implant types, the literature 
lacks systematized data on the comparative 
effectiveness of different vertebral body prosthe-
ses in terms of subsidence rates in spinal tumor 
cases. 

The aim of the review — to compare the 
subsidence rates of various types of vertebral 
body implants used in the surgical treatment of 
thoracic and lumbar spinal tumors in order to 
determine the optimal reconstruction methods 
for patients with spinal tumors.

methods
This study is a systematic literature review 
conducted in accordance with the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines. A literature 

search was performed in the PubMed, Google 
Scholar, and eLIBRARY electronic databases in 
both Russian and English using the following 
keywords: vertebral body replacement, vertebral 
body prosthesis, vertebral body reconstruction, 
spinal tumor, spine tumor, vertebral tumor, spinal 
metastases, implant subsidence, prosthesis 
subsidence, cage subsidence, spondylectomy, 
corpectomy, vertebrectomy, titanium mesh, 
expandable cage, 3D printed implant, spinal 
reconstruction, anterior spinal fusion. The 
initial search identified 1054 potentially relevant 
articles (Figure 1).

The selection of studies was based on the 
PICO framework (Population, Intervention, 
Comparison, Outcome). The Population (P) 
included adult patients (18 years and older) with 
primary or metastatic tumors of the thoracic 
and/or lumbar spine. The Intervention (I) was 
vertebral body replacement using various types 
of implants (expandable, mesh, 3D-printed 
commercial, or pacient-specific). The Comparison 
(C) was made between different implant types. 
The primary Outcome (O) was the incidence of 
implant subsidence.

Inclusion criteria:
1)  language of publication — English or 

Russian; 
2)  publication period — from 2010 to 2025 

inclusive; 
3)  study design — randomized controlled 

trial, cohort study, case-control study, or case 
series with at least 10 patients; 

4)  full-text article available.
Exclusion criteria: review articles, editorials, 

letters to the editor, and poster presentation.
Studies were included if they focused on 

vertebral body replacement for spinal tumors, 
contained a clear definition and measurement 
methods of subsidence, and analyzed risk factors 
associated with subsidence. Studies dedicated 
exclusively to traumatic or infectious spinal 
conditions, as well as duplicate publications, 
were excluded.
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Two independent reviewers performed the 
screening of titles and abstracts, followed by a  
full-text review of selected articles. Disagree-
ments were resolved through discussion with 
a third reviewer when necessary. The following 
data were extracted from each included study: 
study design, patient characteristics (number, 
age, sex, tumor type and location), implant 
type, definition and measurement methods of 
subsidence, subsidence rate, risk factors, and 
follow-up duration.

Data analysis was performed using 
quantitative and descriptive methods. Par-
ticular attention was paid to comparing sub-
sidence rates among different implant types 
and analyzing the risk factors associated with 
subsidence.

results
In the course of a systematic literature review,  
13 studies on vertebral body replacement in 
case of spinal tumors were analyzed. The vast 
majority (12 out of 13) had a retrospective 
design, while only one was prospective. The pre-

dominance of retrospective studies limits the 
ability to establish causal relationships based on 
the obtained results (Table 1).

Information on tumor type was provided 
in 11 out of 13 studies. Across these studies, 
258 patients had primary tumors and 267 had 
metastatic lesions. For 136 patients from two 
studies, the tumor type was not specified.  
The mixed nature of tumor involvement (both  
primary and metastatic) in the analyzed studies 
indicates heterogeneity of the patient po-
pulation, which may affect the generalizability  
of the findings to specific tumor types.

Regarding the types of implants used, 
3D-printed vertebral body prostheses were the 
most frequently reported — mentioned in 7 out of 
13 studies. Titanium mesh cages were used in four 
studies, expandable implants in three, patient-
specific prostheses in five, and carbon fiber–
reinforced polyetheretherketone (CFR-PEEK) 
implants in two studies. The diversity of implant 
types reflects the evolving nature of spinal 
reconstruction technologies and complicates 
direct comparison of outcomes across studies.

Figure 1. Flow diagram of article search and selection

Records identified by title in databases:
• PubMed (n = 345)
• Google Scholar (n = 504)
• eLIBRARY (n = 205)

Records excluded by title before screening:
• duplicate titles (n = 453)
• removed for other reasons (n = 51)

Records included in screening  
based on title (n = 550)

Records excluded  
based on abstract (n = 502)

Records included in review (n= 13)

Full-text records assessed  
for eligibility (n = 45)

                                    Records excluded:
• reviews (n = 20)
• irrelevant topic (n = 12) 

Records selected for full text  
analysis (n = 48)

Records excluded due to unavailability  
of full text (n = 3)
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Table 1
Characteristics of included studies

Study Study design Patient population Implant type Follow-up period

Viswanathan A. 
et al., 2012 [7]

Retrospective 
cohort study

95 patients (24% with primary 
tumors, 76% with metastatic 
lesions)

Expandable titanium 
prosthesis

Median 7.4 
months (range  
1-62 months)

Yoshioka K.  
et al., 2017 [8]

Retrospective 
cohort study

47 patients (15 with primary 
spinal tumors, 32 with metastatic 
lesions)

Titanium mesh cage Mean 70.2 months 
(range 
17-120 months)

Girolami M.  
et al., 2018 [9]

Prospective case 
series

13 patients (8 with primary 
bone tumors, 5 with solitary 
metastases)

Patient-specific 
3D-printed titanium 
prosthesis

Mean 10 months 
(range 
2-16 months)

Li Z. et al., 
2020 [10]

Retrospective 
cohort study

30 patients (23 with primary 
spinal tumors, 7 with metastatic 
lesions)

Titanium mesh cage Mean 41.8 months 
(range 
13-120 months)

Tang X. et al., 
2021 [11]

Retrospective 
cohort study

27 patients (predominantly with 
primary spinal tumors, 4 with 
metastatic lesions)

3D modular prosthesis Mean 22 months 
(range 
12-41 months)

Shen F.H. et al., 
2022 [12]

Case series, 
retrospective 
multi-center review

13 patients (8 with primary 
tumors, 5 with metastatic 
lesions)

Patient-specific implant 
made of CFR PEEK

Mean 8 months 
(range 
1-21 months)

Zhou H. et al., 
2022 [13]

Retrospective 
cohort study, case 
series

23 patients (18 with primary 
spinal tumors, 5 with metastatic 
lesions)

3D-printed prostheses 
(patient-specific and 
commercial)

Median 37 months 
(range 
24-58 months)

Cao Y. et al., 
2023 [14]

Retrospective 
cohort study, 
comparative study

20 patients with metastases in 
the thoracolumbar region

Artificial 3D-printed 
prosthesis

Median 21.8 
months (range 
12-38 months)

Chen Z. et al., 
2023 [15]

Retrospective 
comparative study

35 patients (26 with primary 
malignant tumors, 9 with 
metastatic lesions)

Commercial 3D-printed 
prosthesis, titanium 
mesh cage

Mean 24.6 months 
(range 
12-60 months)

Shimizu T.  
et al., 2023 [16]

Retrospective 
cohort study

136 patients (tumor type not 
specified)

Titanium mesh cage Mean 101 months 
(range 
36-232 months)

Hu J. et al., 
2023 [17]

Retrospective 
cohort study

51 patients (33 with primary 
tumors, 18 with metastatic 
lesions)

3D-printed prostheses 
(patient-specific and 
commercial)

Median 21 months 
(range 
7-57 months)

Hu X. et al., 
2023 [18]

Retrospective 
cohort study

145 patients (79 with primary 
spinal tumors, 66 with metastatic 
lesions)

Titanium mesh cage, 
expandable titanium 
prosthesis, patient-
specific 3D-printed 
prosthesis

Mean  
53.61 months 
(range 
12-149 months)

Schwendner M. 
et al., 2023 [19]

Retrospective 
cohort study, case 
series

25 patients (8% with primary 
spinal tumors, 92% with 
metastatic lesions)

Expandable prosthesis 
made of carbon 
fiber-reinforced 
polyetheretherketone 
(CFR-PEEK)

Median  
295 days (range 
13-491 days)
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The duration of follow-up also varied among 
the studies. Five out of 13 studies reported 
median follow-up periods ranging from 7.4 to 37 
months (with conversion of days to months for 
the study by M. Schwendner et al.). Eight studies 
reported mean follow-up durations ranging from 
8 to 101 months. This wide variation in follow-
up duration may influence the assessment of 
long-term outcomes and complication rates 
across studies.

The rates of implant subsidence varied 
considerably depending on the type of verteb-
ral body prosthesis used. For titanium mesh 
cages, the incidence of subsidence ranged from 
63.8 to 71.4%, as reported by K. Yoshioka et al.  
and Z. Chen et al., respectively [8, 15]. In 
the same study by Z. Chen et al., the perfor- 
mance of a 3D-printed commercial prosthesis 
was also evaluated, showing a subsidence rate  
of 64.3% [15].

Expandable implants demonstrated variable 
rates of subsidence. In the study by A. Viswanathan 
et al., the rate for a titanium implant was 12.6%, 
while in the study by M. Schwendner et al., the rate 
reached 35.3% for a CFR-PEEK implant [7, 19].

The results of 3D-printed implants were 
heterogeneous. In the study by X. Hu et al., no 
cases of subsidence were reported among 51 
patients who received 3D-printed prostheses 
(both patient-specific and commercial) [18]. 
Similarly, F.H. Shen et al. reported no subsidence 
with CFR-PEEK implants featuring custom 
titanium endplates [12]. However, in the study 
by M. Girolami et al., subsidence occurred in all 
patients (100%) who received patient-specific 
titanium 3D-printed prostheses [9]. In the study 
by H. Zhou et al., the subsidence rate of 3D 
implants was 21.7%, while X. Tang et al. reported 
a rate of 38.5% for modular 3D-printed prosthe-
ses [11, 13] (Table 2).

Table 2
Subsidence rates by implant type

Study Implant type Subsidence rate Definition of subsidence Time of detection

Viswanathan A. 
et al., 2012 [7]

Expandable titanium 
prosthesis

12/95 (12.6%) Migration > 1 mm Immediately after 
surgery and more 
than 30 days 
postoperatively

Yoshioka K.  
et al., 2017 [8]

Titanium mesh cage 30/47 (63.8%) > 2 mm One month  
after surgery

Girolami M.  
et al., 2018 [9]

Patient-specific 3D-printed 
titanium prosthesis

13/13 (100%) 4.3±5.7 mm At the last 
follow-up

Li Z. et al., 
2020 [10]

Titanium mesh cage 8/52 (15.4%) 10.9±4.5 mm At the last 
follow-up

Tang X. et al., 
2021 [11]

3D modular prosthesis 10/26 (38.5%) Migration > 2 mm During the  
follow-up period

Shen F.H. et al., 
2022 [12]

Patient-specific implant 
made of CFR PEEK

0/13 (0%) Not applicable Not applicable

Zhou H. et al., 
2022 [13]

Patient-specific 3D-printed 
prostheses

1/10 (10%) Migration > 2 mm At the last 
follow-up

Commercial 3D-printed 
prostheses

4/13 (30.8%) Migration > 2 mm At the last 
follow-up

Cao Y. et al., 
2023 [14]

3D-printed self-stabilizing 
artificial vertebra

7/10 (70%) 1.8±2.1 mm At the last 
follow-up

Titanium mesh cage 9/10 (90%) 5.2±5.1 mm At the last 
follow-up
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The degree of subsidence varied across studi-
es, ranging from implant migration of more than  
1 mm to segmental height loss exceeding 3 mm. 
The timing of subsidence detection also differed 
— from the immediate postoperative period to 
the final follow-up. In most studies, subsidence 
was assessed either one month postoperatively 
or during subsequent follow-up visits.

Implant instability rates were reported in 12 of 
the 13 studies. Recorded instability rates ranged 
from 0 to 32.4%, reflecting substantial variabili-
ty in implant performance among studies. Infor-
mation on the timing of implant instability was 
available in only three studies: one reported a 
mean time of 37.41 months, another a median 
of 31 months, and the third provided specific 
values of 24 and 36 months. In nine studies, 
no information on the timing of instability was 
provided, and in one study, this parameter was  
not applicable due to the absence of instability 
cases. The lack of consistent reporting on the 
timing of implant instability limits the ability 
to draw conclusions about the long-term 
performance of different implant types.

discussion
The present systematic review provides the first 
comprehensive analysis of vertebral body prosthe-
sis subsidence in spinal tumors, encompassing 
various implant types and their clinical outcomes. 
The data demonstrate considerable variability 
in the incidence of subsidence across different 
prosthesis types, which has important clinical 

implications for selecting the optimal method of 
spinal reconstruction in oncologic patients.

The highest subsidence rates were observed 
with titanium mesh cages — ranging from 15.4  
to 90.0%. These findings are consistent with 
previous reports indicating a high incidence of 
subsidence in titanium implants, particularly in  
the presence of osteoporosis or weakened 
endplates [20]. The high subsidence rates 
associated with titanium mesh cages may be 
attributed to the mismatch in elastic modulus 
between the implant and bone tissue, as well 
as stress concentration over a relatively small 
contact area with the vertebral endplates. 
These results align with biomechanical studies 
demonstrating that the high stiffness of 
titanium creates unfa-vorable conditions for 
load distribution at the implant-bone interface, 
especially in patients with com-promised bone 
quality due to oncologic disease [21, 22].

Expandable prostheses demonstrated more 
favorable outcomes, with subsidence rates 
ranging from 5.3 to 35.3%. The advantage of 
expandable designs lies in their ability to restore 
vertebral height accurately and distribute loads 
evenly across the endplates. Furthermore, 
expandable implants allow intraoperative height 
adjustment, promoting optimal contact with the 
surrounding bone structures.

The outcomes of using 3D-printed implants 
proved to be the most inconsistent, with reported 
subsidence rates ranging from 0 to 100% across 
studies. This considerable variability may be 

End of Table 2

Study Implant type Subsidence rate Definition of subsidence Time of detection

Chen Z. et al., 
2023 [15]

Commercial 3D-printed 
prostheses

9/14 (64.3%) Decrease in mean vertebral 
body height > 3 mm

At the last 
follow-up

Titanium mesh cage 15/21 (71.4%) Decrease in mean vertebral 
body height > 3 mm

At the last 
follow-up

Shimizu T.  
et al., 2023 [16]

Titanium mesh cage 44/136 (32.4%) 2-18 mm One month  
after surgery

Hu J. et al., 
2023 [17]

3D-printed prostheses 
(patient-specific and 
commercial)

0/51 (0%) Not applicable Not applicable

Hu X. et al., 
2023 [18]

Titanium mesh cage 18/70 (25.7%) Not defined At the last 
follow-up

Expandable titanium 
prosthesis

4/75 (5.3%) Not defined At the last 
follow-up

Schwendner M. 
et al., 2023 [19]

Expandable prosthesis 
made of CFR-PEEK

6/17 (35.3%) 3.8±3.1 (1-8) mm At the last 
follow-up
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attributed to differences in implant design, 
manufacturing materials, and patient-specific 
characteristics. Although patient-specific 
3D-printed prostheses are theoretically expected 
to achieve superior anatomical conformity, 
clinical results do not always confirm this 
assumption.

Titanium alloy remains the standard material for 
fabricating patient-specific 3D implants. Despite its 
biocompatibility and mechanical strength, titani-
um possesses notable biomechanical disadvanta-
ges. Even porous titanium structures exhibit a 
substantial mismatch in elastic modulus compared 
to bone tissue — approximately 110 GPa for 
titanium versus 3.78-14.64 GPa for bone [22, 23]. 
This discrepancy leads to a stress-shielding effect, 
in which the stiffer implant bears the majority of 
the mechanical load, thereby reducing stimulation 
of the surrounding bone. According to Wolff’s 
law, insufficient mechanical loading induces 
bone resorption and weakening, which ultimately 
promotes implant subsidence and structural in-
stability [24]. Additionally, stress concentration 
over a relatively small contact area between a 
rigid titanium implant and compromised vertebral 
endplates further predisposes to subsidence.  
In oncologic settings, where bone quality is often 
impaired by tumor involvement, chemotherapy, or 
radiotherapy, these biomechanical factors become 
even more critical.

Paradoxically, while the patient-specific 
geometry of 3D-printed prostheses was intended 
to optimize load distribution, it does not 
address the fundamental mismatch in material 
mechanical properties. This may explain why 
even anatomically precise custom implants 
can show high subsidence rates, as reported by  
M. Girolami et al., where the incidence reached 
100% [9]. This issue underscores the need for 
developing novel materials for 3D printing, such 
as PEEK-based composites, that could better 
approximate the mechanical characteristics of 
bone while retaining the advantages of patient-
specific design.

Study limitations
This systematic review has several limitations. 
First, significant heterogeneity among the 
included studies in terms of design, patient 
populations, and implant types limits the 

feasibility of performing a quantitative meta-
analysis. Second, differences in the definition 
of subsidence and measurement methods 
complicate direct comparison of outcomes. 
Third, the relatively short follow-up periods in 
some studies may not adequately reflect long-
term results.

conclusions
This systematic review highlights the need 
for an individualized approach to selecting 
vertebral body replacement implants in patients 
with spinal tumors, taking into account various 
risk factors. Expandable implants demonstrate 
the most favorable outcomes with respect to 
subsidence rates, whereas 3D-printed prostheses 
require further investigation to optimize their 
design and clinical application.

Disclaimers
Author contribution
Zaborovskii N.S. — study concept and design, 
drafting and editing the manuscript.
Shailieva Sh.L. — study concept and design, 
drafting and editing the manuscript.
Masevnin S.V. — literature search and review, 
drafting and editing the manuscript.
Smekalenkov O.A. — literature search and review, 
statistical data processing, data analysis and 
interpretation.
Murakhovsky V.S. — literature search and review, 
statistical data processing, data analysis and 
interpretation.
Ptashnikov D.A. — scientific guidance, editing the 
manuscript.
All authors have read and approved the final 
version of the manuscript of the article. All 
authors agree to bear responsibility for all aspects 
of the study to ensure proper consideration and 
resolution of all possible issues related to the 
correctness and reliability of any part of the work.
Funding source. This study was not supported by 
any external sources of funding.
Disclosure competing interests. The authors 
declare that they have no competing interests.
Ethics approval. Not applicable.
Consent for publication. Not required.
Use of artificial intelligence. No generative 
artificial intelligence technologies were used in 
the preparation of this manuscript.



R E V I E W S

Traumatology and orthopedics of Russia2025;31(4)187

References
1.	 Usikov V.D., Ptashnikov D.A., Magomedov Sh.Sh. 

Corpor- and spondylectomy in system of surgical 
treatment of vertebral tumors. Traumatology 
and Orthopedics of Russia. 2010;(2):140-142.  
(In Russian). doi: 10.21823/2311-2905-2010-0-2-140-142. 

2.	 Zaborovsky N.S., Ptashnikov D.A., Topuzov E.E., 
levchenko E.V., Mikhailov D.A., Natalenko K.E. Spine 
Tumor Epidemiology in Patients who Underwent 
Orthopaedic Surgery. Traumatology and Orthopedics 
of Russia. 2019;25(1):104-112. (In Russian).  
doi: 10.21823/2311-2905-2019-25-1-104-112.

3.	 Zaborovskii N.S., Masevnin S.V., Murakhovsky V.S.,  
Mukhiddinov R.A., Smekalyonkov O.A.,  
Ptashnikov D.A. Risk factors for hardware failure 
after total spondylectomy in patients with spinal 
tumors. Genij Ortopedii. 2025;31(2):183-193.  
(In Russian). doi: 10.18019/1028-4427-2025-31-2-183-193.  

4.	 Berjano P., Cecchinato R., Pun A., Boriani S. 
Revision surgery for tumors of the thoracic and 
lumbar spine: causes, prevention, and treatment 
strategy. Eur Spine J. 2020;29(Suppl 1):66-77.  
doi: 10.1007/s00586-019-06276-8.

5.	 Zaborovskii N., Schlauch A., Ptashnikov D.,  
Mikaylov D., Masevnin S., Smekalenkov O. et al. 
Hardware Failure in Spinal Tumor Surgery: A Hallmark 
of Longer Survival? Neurospine. 2022;19(1):84-95.  
doi: 10.14245/ns.2143180.590. 

6.	 Kasapovic A., Bornemann R., Pflugmacher R., 
Rommelspacher Y. Implants for Vertebral Body 
Replacement – Which Systems are Available and Have 
Become Established. Z Orthop Unfall. 2021;159(1):83-90. 
(In German). doi: 10.1055/a-1017-3968. 

7.	 Viswanathan A., Abd-El-Barr M.M., Doppenberg E., 
Suki D., Gokaslan Z., Mendel E. et al. Initial experience 
with the use of an expandable titanium cage as a 
vertebral body replacement in patients with tumors of 
the spinal column: a report of 95 patients. Eur Spine J. 
2012;21(1):84-92. doi: 10.1007/s00586-011-1882-7.

8.	 Yoshioka K., Murakami H., Demura S., Kato S., 
Yokogawa N., Kawahara N. et al. Risk factors of 
instrumentation failure after multilevel total en bloc 
spondylectomy. Spine Surg Relat Res. 2017;1(1):31-39.  
doi: 10.22603/ssrr.1.2016-0005. 

9.	 Girolami M., Boriani S., Bandiera S., Barbanti-
Bródano G., Ghermandi R., Terzi S. et al. Biomimetic 
3D-printed custom-made prosthesis for anterior 
column reconstruction in the thoracolumbar spine: 
a tailored option following en bloc resection for 
spinal tumors: Preliminary results on a case-series 
of 13 patients. Eur Spine J. 2018;27(12):3073-3083.  
doi: 10.1007/s00586-018-5708-8. 

10.	Li Z., Wei F., Liu Z., Liu X., Jiang L., Yu M. et al. Risk 
Factors for Instrumentation Failure After Total En 
Bloc Spondylectomy of Thoracic and Lumbar Spine 
Tumors Using Titanium Mesh Cage for Anterior 
Reconstruction. World Neurosurg. 2020;135:e106-e115.  
doi: 10.1016/j.wneu.2019.11.057.

11.	Tang X., Yang Y., Zang J., Du Z., Yan T., Yang R. et al. 
Preliminary Results of a 3D-Printed Modular Vertebral 
Prosthesis for Anterior Column Reconstruction after 
Multilevel Thoracolumbar Total En Bloc Spondylectomy. 
Orthop Surg. 2021;13(3):949-957. doi: 10.1111/os.12975. 

12.	Shen F.H., Gasbarrini A., Lui D.F., Reynolds J., 
Capua J., Boriani S. Integrated Custom Composite 
Polyetheretherketone/Carbon fiber (PEEK/CF) 
Vertebral Body Replacement (VBR) in the Treatment 
of Bone Tumors of the Spine: A Preliminary Report 
From a Multicenter Study. Spine (Phila Pa 1976). 2022; 
47(3):252-260. doi: 10.1097/BRS.0000000000004177. 

13.	Zhou H., Liu S., Li Z., Liu X., Dang L., Li Y. et al. 
3D-printed vertebral body for anterior spinal 
reconstruction in patients with thoracolumbar spinal 
tumors. J Neurosurg Spine. 2022;37(2):274-282.  
doi: 10.3171/2022.1.SPINE21900.

14.	Cao Y., Yang N., Wang S., Wang C., He Q., Wu Q. et al. 
The application of 3D-printed auto-stable artificial 
vertebral body in en bloc resection and reconstruction 
of thoracolumbar metastases. J Orthop Surg Res. 
2023;18(1):638. doi: 10.1186/s13018-023-04135-3.

15.	Chen Z., Lü G., Wang X., He H., Yuan H., Pan C. et al. 
Is 3D-printed prosthesis stable and economic enough 
for anterior spinal column reconstruction after spinal 
tumor resection? A retrospective comparative study 
between 3D-printed off-the-shelf prosthesis and 
titanium mesh cage. Eur Spine J. 2023;32(1):261-270.  
doi: 10.1007/s00586-022-07480-9.

16.	Shimizu T., Kato S., Demura S., Shinmura K.,  
Yokogawa N., Kurokawa Y. et al. Characteristics and risk 
factors of instrumentation failure following total en bloc 
spondylectomy. Bone Joint J. 2023;105-B(2):172-179.  
doi: 10.1302/0301-620X.105B2.BJJ-2022-0761.R2. 

17.	 Hu J., Song G., Chen H., Xu H., Wang A., Wang X.  
et al. Surgical outcomes and risk factors for surgical 
complications after en bloc resection following 
reconstruction with 3D-printed artificial vertebral 
body for thoracolumbar tumors. World J Surg Oncol. 
2023;21(1):385. doi: 10.1186/s12957-023-03271-8. 

18.	Hu X., Barber S.M., Ji Y., Kou H., Cai W., Cheng M. 
et al. Implant failure and revision strategies after 
total spondylectomy for spinal tumors. J Bone Oncol. 
2023;42:100497. doi: 10.1016/j.jbo.2023.100497. 

19.	Schwendner M., Ille S., Kirschke J.S., Bernhardt D.,  
Combs S.E., Meyer B. et al. Clinical evaluation 
of vertebral body replacement of carbon fiber-
reinforced polyetheretherketone in patients with 
tumor manifestation of the thoracic and lumbar 
spine. Acta Neurochir (Wien). 2023;165(4):897-904.  
doi: 10.1007/s00701-023-05502-z.

20.	Li Z., Guo L., Zhang P., Wang J., Wang X., Yao W.  
A Systematic Review of Perioperative Complications 
in en Bloc Resection for Spinal Tumors. Global Spine J. 
2023;13(3):812-822. doi: 10.1177/21925682221120644. 

21.	Xu H., Wang X., Han Y., Jiang Y., Wang J., Zhang X.  
et al. Biomechanical comparison of different prosthetic 
reconstructions in total en bloc spondylectomy:  
a finite element study. BMC Musculoskelet Disord. 
2022;23(1):955. doi: 10.1186/s12891-022-05919-0. 



R E V I E W S

Traumatology and orthopedics of Russia2025;31(4)188

22.	Heary R.F., Parvathreddy N., Sampath S.,  
Agarwal N. Elastic modulus in the selection of 
interbody implants. J Spine Surg. 2017;3(2):163-167.  
doi: 10.21037/jss.2017.05.01. 

23.	Warburton A., Girdler S.J., Mikhail C.M., Ahn A., Cho S.K. 
Biomaterials in Spinal Implants: A Review. Neurospine. 
2020;17(1):101-110. doi: 10.14245/ns.1938296.148. 

24.	Frost H.M. A 2003 update of bone physiology and Wolff’s 
Law for clinicians. Angle Orthod. 2004;74(1):3-15.  
doi: 10.1043/0003-3219(2004)074<0003:AUOBPA>2.0.CO;2.

Authors’ information
Nikita S. Zaborovskii — Cand. Sci. (Med.)

Address: 8, Akademika Baykova st., St. Petersburg,  
195427, Russia
https://orcid.org/0000-0003-4562-8160
eLibrary SPIN:3766-5993
e-mail: n.zaborovskii@yandex.ru

Sheridan L. Shailieva
https://orcid.org/0009-0005-2113-3077
eLibrary SPIN: 8199-7620
e-mail: sheri21072001@gmail.com

Sergei V. Masevnin — Cand. Sci. (Med.)
https://orcid.org/0000-0002-9853-7089
eLibrary SPIN:5505-2641
e-mail: drmasevnin@gmail.com

Oleg A. Smekalenkov — Cand. Sci. (Med.)
https://orcid.org/0000-0002-4867-0332
eLibrary SPIN:7902-6380
e-mail: drsmekalenkov@mail.ru

Vladislav S. Murakhovsky
https://orcid.org/0000-0002-9985-5636
eLibrary SPIN:3819-8485
e-mail: drmurakhovsky@gmail.com

Dmitrii A. Ptashnikov — Dr. Sci. (Med.), Professor
https://orcid.org/0000-0001-5765-3158
eLibrary SPIN:7678-6542
e-mail: drptashnikov@yandex.ru

 


