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Objective. To review the current clinical use of patient-specific implants in spinal surgery concerning a problem solved, a disease treated, 

patients age, distribution of cases and publications by countries.

Material and Methods. A systematic search in PubMed/Medline, Google Scholar, and eLibrary databases was conducted. Reference lists 

of included articles were screened for additional publications. All articles in English and Russian with available full text describing clinical 

use of patient-specific implants in spinal surgery were includeds.

Results. 41 articles were included in final review with a total of 340 patients. Problems solved with individual implants were as follows: 

1) C1–C2 reconstruction; 2) C1–C2 stabilization; 3) concave side distraction in subaxial cervical spine; 4) anterior reconstruction of sub-

axial cervical, thoracic, and lumbar spine; 5) sagittal or frontal balance correction; 6) zero-profile of the implant; 7) anterior and 8) pos-

terior stabilization under unfavorable conditions. Types of implants used were as follows: 1) reconstructive implants for upper cervical 

spine bearing docking sites for C0 or C1; 2) implant-template for transarticular C1–C2 arthrodesis; 3) spacers for concave side distrac-

tion; 4) congruent interbody implants; 5) congruent body-substitute implants; 6) personified anterior plates; 7) bridge-type anterior im-

plants; 8) “monolith” implants which reproduce serial devices without connecting nodes.

Conclusion. Personified implants were used when serial devices did not match the task at hand or anatomical features of individual patient. 

Pathologies treated were primarily degenerative disease and tumors in elderly persons. 
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Additive technologies, allowing the phys-
ical reproduction of virtual three-dimen-
sional objects, have found application 
in a number of fields of surgery, includ-
ing in the operative treatment of spinal 
diseases [1, 2]. If the advantages and dis-
advantages of non-implantable objects 
(reference models of the zone of interest 
and navigation templates) are well stud-
ied [3–5], then data on the application 
of personified implants are significant-
ly fewer. Considering that the manufac-
turing of individual implantable objects 
requires significant time and financial 
costs [6–8] and also must comply with 
strict quality standards [9], in a “typical” 
clinical situation, when the goal of the 
operation can be achieved using serial 
products, the application of patient-
specific implants seems irrational. At the 
same time, if the application of serial 
products is fraught with a high risk of 
intra- or postoperative complications, 
requires additional traumatic operative 
techniques, or in principle does not allow 
solving the task facing the operator, the 

use of a unique implant meeting the 
anatomical features of the patient and 
the specifics of the disease may turn out 
to be the best approach.

Objective of the study was summariz-
ing the experience reflected in the litera-
ture on the application of patient-spe-
cific implants in spine surgery with an 
analysis of the tasks set before surgical 
intervention and variants of technical 
solutions, as well as pathology, patient 
age, distribution of cases and publica-
tions by country.

Material and Methods

Search strategy
A systematic search for publications 
in electronic databases PubMed/Med-
line, Google Scholar, eLibrary was per-
formed using combinations of the fol-
lowing keywords: 3-Dimensional-Printed, 
Custom-Made, Customized, Individual-
ized, Patient-Specific, Personalized, Spine, 
Spinal, Vertebral, individual, personified, 
3D, implant, vertebra, spine, as well as 

the logical operators AND and OR, as 
of June 28, 2025. The decision on the 
compliance of the publication with the 
inclusion criteria was made based on 
the consensus of the first two authors. 
To identify publications meeting the 
inclusion criteria not found during the 
initial search, a study of lists of references 
of the articles selected for analysis was 
conducted.

Inclusion and exclusion criteria
The review included publications in 

English and Russian languages describing 
the clinical application of patient-specific 
implants during the surgical treatment of 
spinal diseases. Literature reviews, labo-
ratory biomechanical studies, animal stu-
dies, reports on the application of serial 
implants manufactured by the 3-Dimen-
sional printing method, publications on 
the application of individual pre-bent 
rods, articles with an inaccessible full text 
were excluded.

Data extraction and synthesis
When extracting data, the surname 

of the first author, the year of publication, 
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the state affiliation of the institutions, the 
number and age of patients, pathology, 
the comparative or descriptive nature 
of the study, the material used, the task 
solved using the personified implant, the 
design of the individual product were 
taken into account. If authors from dif-
ferent countries participated in the study, 
the publication and the cases described 
in it were taken into account for each 
country. Upon repeated mention by the 
authors of previously published observa-
tions by them, the number of patients 
was correspondingly adjusted.

Results

During the search, 347 publications were 
identified, 6 duplicates were removed, 
312 articles were removed as irrelevant 
or non-compliant with the inclusion 
criteria. When studying the reference lists, 
15 additional sources were identified, 
3 publications were removed due to the 
inaccessible full text. The final analysis 
included 41 sources (Fig. 1; appendix* ).

Distribution of the number of publica-
tions and patients by country

In six publications, the results of inter-
national collaboration are reflected (these 
works and the observations described in 
them are counted twice). The largest num-
ber of articles was prepared by authors 
from Australia, China and the United States 
of America. The experience of the majority 
of states (8 out of 14) is set forth in single 
reports (Fig. 2).

Researchers from the United States 
of America and China have the most sig-
nificant number of observations. Among 
the other authors, only Australian, Italian 
and Russian ones provide data on ten or 
more patients (Fig. 3).

Comparative and descriptive studies
Only one study was of a comparative 

nature [10]. Two works cite previously 
published data as a comparison group 
[11, 12]. The overwhelming majority of 
articles provide only descriptive data.

Age of patients and pathology
Out of 340 observations described in 

the publications included in the review, 

the most numerous group was made 
up of older patients with degenerative 
diseases – 147 cases [6, 11, 13–17] (the 
age of one of the patients is not speci-
fied in the text of the article [16]). Sig-
nificant groups are represented by tumor 
lesions of the spine – 88 observations 
(79 patients older than 18 years, 9 – 
younger) [8, 10, 18–36] and severe defor-
mities in elderly individuals – 65 patients 
[12]. In 28 cases, the intervention was 
performed for a malformation, includ-
ing in five adults [28, 30, 37–40]. In six 
patients, including one child, the indi-
cations for surgery were complications 
from previously installed implants [7, 24, 
41–44]. The remaining cases are repre-
sented by traumatic injuries (2) [30, 45], 
neurofibromatosis (2, including 1 child) 
[9, 46], rheumatoid arthritis (1) [25], and 
Gorham’s disease (1) [9].

Material used
In the overwhelming majority of 

studies, a titanium-aluminum alloy was 
used as the material for manufacturing 
implants. Two teams installed products 
made of polyetheretherketone (PEEK) 
[6, 35].

Tasks set and technical solutions
In the publications included in the 

review, technical solutions for following 
tasks were proposed:

1) reconstruction of C1– C2 verte-
brae [8, 10, 18, 21–25, 27, 28, 32, 33]; 2) 
stabilization of C1–C2 vertebrae [14, 17, 
30]; 3) distraction on the concave side 
of the deformity in the subaxial cervical 
spine [39]; 4) anterior reconstruction of 
vertebrae of the subaxial cervical, tho-
racic and lumbar spine departments [6, 
7, 19, 20, 24, 26, 29, 31, 34–36, 44, 45]; 5) 
correction of sagittal or frontal balance 
[11–13, 15, 28, 37, 40]; 6) achieving a 

“zero” implant profile [41, 42]; 7) anterior 
[9, 38, 46] and posterior stabilization in 
unfavorable anatomical conditions [43].

Taking into account the absence of 
a generally accepted classification of 
patient-specific implants, the authors 
considered it possible to divide all the 
diversity of proposed technical solu-
tions in the publications into eight types: 

1) anterior upper cervical implants with 
docking sites for C0 or C1 vertebra [8, 
10, 18, 21–25, 27, 28, 32, 33]; 2) implant-
templates for transarticular arthrodesis 
of C1– C2 vertebrae [14, 17]; 3) unilat-
eral distraction spacers [39]; 4) congru-
ent interbody implants [11–13, 15, 16, 
28, 37, 40]; 5) congruent body-replac-
ing implants [6, 7, 10, 19, 20, 26, 29, 31, 
34–36, 41, 44, 45]; 6) individual ante-
rior plates [30, 38]; 7) bridge-like anterior 
implants [9, 46]; 8) “monolithic” implants 
reproducing elements of standard prod-
ucts without connecting nodes [42, 43].

It is necessary to note that there is no 
unambiguous correspondence between 
the tasks and technical solutions. Dif-
ferent teams of researchers used various 
types of implants to solve similar tasks.

Discussion

The analysis of the distribution of publi-
cations and observations by country was 
conducted to obtain data on the place 
currently occupied by the use of patient-
specific implants in spine surgery and 
where the technology is applied most 
actively. Despite a significant number 
of observations among American and 
Chinese authors, on the scale of the 
populations of these countries and the 
number of vertebrological operations 
performed annually (in the United States 
of America – more than a million [47]), 
the proportion of interventions using 
personified products remains negligibly 
small. Nevertheless, the experience of 
using congruent interbody implants, 
summarized in two multicenter studies 
of American authors [11, 12], covers 200 
observations and has no equals. The 
achievement of Chinese researchers is 
38 cases of using reconstructive implants 
for the upper cervical spine [8, 10, 22–24, 
27, 32, 33], as well as the development 
and application in 22 patients of 
individual  interbody spacers for 
distraction of the concave side of the 
deformity in cervical hemivertebrae [39]. 
Publications by Australian authors [13–
15, 17, 19, 25, 28, 29, 37, 41, 43–45], the 

* The appendix is available at: https://www.spinesurgery.ru/jour/issue/current
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most numerous with a small number of 
patients, draw attention to the variety 
of solutions used (five types of patient-
specific implants). Reports from other 
countries, describing small series or even 
single cases, allow hoping for a wider 
spread of the technology in the future.

Anterior upper cervical implants
These products are intended for the 

reconstruction of anterior structures 
after partial or complete removal of the 
C2 and/or C1 vertebra and represent a 
prismatic construct relying on the body 
of the underlying vertebra and bearing 
a docking site for connection with the 
anterior arch of the atlas (Fig. 4) or the 
base of the skull.

The minimal variant of using such a 
product is unilateral prosthetics of the 
lateral mass of the atlas [8]. Two meth-
ods of fixing the implant to the C1 verte-
bra are described: a saddle-shaped notch 
combined with the inferior surface of 
the anterior arch [18, 21], and a T-shaped 
expansion that is attached to the anterior 
surface of the lateral masses with screws 
[8, 10, 22–25, 32]. After the removal of 
the C1 vertebra, screws were installed 
into the clivus [28] or into the occipital 
condyles [23]. The base of the implant, 
as a rule, relies on the superior surface of 
the body of the C3 vertebra, to which it 
is fixed with two screws. With the spread 
of the process to the subaxial region, 
constructs relying on the bodies of the 
C4, C5 and T1 vertebrae were used [22, 
23, 27]. Most often, the implants were 
installed in combination with a posterior 
construct, with some teams performing 
posterior fixation as the first stage [10, 
18, 22, 23, 28, 32], others – as the second  
[8, 21, 25, 27], however Girolami et al. 
[21] achieved a satisfactory mechani-
cal result using anterior stabilization 
only. Three groups of authors, during 
the resection and reconstruction of the 
axial vertebra, found it possible to aban-
don occipitospondylodesis [10, 25, 32]. 
Of note, out of 45 operations (includ-
ing 7 with atlas reconstruction) almost 
all were carried out from an anterolat-
eral submandibular incision, the tran-
soral approach was required only in two 
cases [10, 28]. The study by Hu et al. [10] 
showed a tendency towards a higher rate 
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Systematic review diagram
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Distribution of the number of publications by country
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of implant destabilization when using 
standard titanium mesh compared to the 
application of a personified device (4/13 
vs. 1/18, marginal statistical significance). 
According to the opinion of a number of 
researchers [21, 25, 27, 32], an optimal 
serial product for the reconstruction of 
the anterior regions of the C1– C2 verte-
brae does not exist, making the applica-
tion of patient-specific implants for this 
purpose particularly demanded.

Implant-template for transarticular 
arthrodesis of the C1–C2 vertebrae

The original design of an individual 
implant is presented by a group of Aus-
tralian authors [14, 17]. The product has 
the form of a frame fixed by screws to 
the posterior arch of the atlas, relying 
on the posterior structures and bear-
ing cylindrical guides for transarticular 
screws, that is, it is an implantable navi-
gation template (Fig. 5).

For the preliminary formation of tran-
sarticular canals, the authors used a sep-
arate directing device made of plastic, 
also manufactured using the 3D print-
ing method. In reports on the use of 
this design in three patients, there are 
no indications of any advantages, oth-
er than ergonomic ones, in connection 
with which the value of the described 
technology compared to the application 

of non-implantable templates appears 
doubtful.

Congruent interbody implants
The individualization of interbody 

cages opens paths to overcoming two 
problems inherent in serial products. 
Firstly, imparting to the contact surfaces 
of the product a shape congruent to the 
vertebral endplates of the superior and 

inferior vertebrae increases the contact 
area and contributes to a uniform load 
distribution, which reduces the probabil-
ity of implant “subsidence” in the postop-
erative period [13, 29, 37]. Secondly, the 
personified cage possesses a predefined 
angle between the contact surfaces, mak-
ing it an effective means of correcting 
sagittal and frontal balance (Fig. 6).

Smith et al. [12] showed that in 
65 patients, the average difference 
between the planned and obtained seg-
mental correction angle was 1°, while a 
disruption of sagittal balance after sur-
gery occurred significantly less frequent-
ly compared to a group of patients in 
whom serial implants were used. Ashgar 
et al. [11] demonstrated a significantly 
higher rate of restoration of impaired 
sagittal balance parameters when indi-
vidual cages were used. Three teams 
of authors used personified interbody 
implants for single-stage correction 
of sagittal and frontal balance in elder-
ly patients with degenerative diseases 
caused by previously operated lumbar 
hemivertebrae [28, 37, 40]. Studies that 
compared the rate of subsidence of seri-
al and personified interbody implants 
were not found, however, reports of sin-
gle observations confirm the complete 
preservation of correction in the long-

Fig. 3
Distribution of the number of patients by country

United Kingdom 1

 
 

USA 220

Italy 16

Netherlands 3

Russia 10

Germany 1

Israel 3
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France 6
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Fig. 4
Anterior upper cervical implant with a 
supporting surface for the C1 vertebra. 
Author’s drawing

Fig. 5
Implant-template for transarticular 
arthrodesis of the C1–C2 vertebrae. 
Author’s drawing
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term period [13, 15, 28, 37, 40]. There 
are data on both the isolated use of 
individual cages [13, 16, 37] and instal-
lation in combination with a transpe-
dicular construct [12, 28, 40]. Fixation 
of the implants to the bodies of the 
superior and inferior vertebrae with 
screws [13, 37] or anterior plates [15, 
28, 40] is possible. Practically in all 
cases, the cages were installed in the 
lumbar spine, there is only one report 
on the application of an individual 
interbody implant at the level of the 
C6–C7 vertebrae [16]. The experience 
reflected in the literature on the use of 
congruent interbody implants is the 
largest (228 observations out of 340), 
and for this type, advantages over serial 
products have been demonstrated.

Unilateral distraction spacers
These implants are very close to con-

gruent interbody cages, however, due 
to the specific area of application, it is 
appropriate to consider them as a sepa-
rate type. Li et al. [39] presented an origi-
nal method of surgical treatment of con-
genital scoliosis caused by cervical hemi-
vertebrae using patient-specific implants. 
The approach involves refusal of hemi-
vertebra resection which is associated 
with the risk of damaging the vertebral 
artery, and performing distraction on the 
corresponding level of the concave side 
with the installation of personified spac-
ers between the articular facets and the 

bodies of the superior and inferior ver-
tebrae (Fig. 7).

For additional fixation, a transpedicu-
lar construct and an anterior plate were 
used. A series encompassing 22 observa-
tions, the authors indicate such advantag-
es over hemivertebra resection as lesser 
blood loss and duration of intervention. 
It is noteworthy that it was precisely the 
application of patient-specific implants 
that made an effective distraction treat-
ment of congenital cervical scoliosis 
possible.

Congruent body-replacing implants
This type of products is intended for 

the reconstruction of vertebral bodies 
at one or several adjacent levels (Fig. 8).

Such necessity arose during radical 
oncological operations [19, 20, 24, 26, 29, 
31, 34–36], as well as in the surgical treat-
ment of cervical spondylogenic myelopa-
thy [6] and revision for the destabiliza-
tion of previously installed serial prod-
ucts [7, 41, 44]. In one case, an individual 
body-replacing implant was used for a 
fracture of the C7 vertebra with spinal 
cord compression [45]. To the advantag-
es of the personified product, in addition 
to congruent contact surfaces, belongs 
the possibility of commutating with a 
posterior construct. For this purpose, 
the implants were equipped with staples 
for wire fixation [24, 31], holes for the 
insertion of serial transpedicular screws  
[7, 19, 35]. hinged elements with clamps 

for connection with the rods of the 
posterior instrumentation system [20]. 
A number of teams used the products 
with canals for screw fixation to the 
bodies of the superior and inferior ver-
tebrae [26, 29, 34, 41, 44, 45]. Chung et al.  
[7] used an implant composed of two 
(right and left) components to facili-
tate its installation through a posterior 
approach, however precise alignment 
of the product pieces was not achieved 
by the researchers. Individual body-
replacing implants were most frequent-
ly applied in the thoracic spine [19, 20, 
24, 31, 35, 36], as well as in the subax-
ial cervical [6, 24, 26, 29, 31, 34, 41, 44, 
45] and lumbar [7, 20, 26, 35] spine. The 
most extensive defect of anterior struc-
tures – 6 levels (C3–T1) – was successfully 
reconstructed by Yang et al. [34]. For the 53 
described cases of using personified body-
replacing products, there is only one report 
of implant “subsidence” requiring revision 
surgery [20]. Despite the lack of compara-
tive studies, the advantages of reconstruct-
ing anterior structures with patient-specific 
implants, provided by congruent support-
ing platforms and the possibility of com-
mutating with a posterior construct, raise 
no doubts.

Individual anterior plates
These implants were used for the sta-

bilization of the cervical spine. Shkarubo 

Fig. 6
Congruent interbody implant . 
Author’s drawing

Fig. 7
Unilateral  distraction spacers . 
Author’s drawing

Fig. 8
Congruent body-replacing implant. 
Author’s drawing
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et al. [30] in four patients during tran-
soral odontoidectomy simultaneously 
performed fixation with a personified 
plate, which was attached with screws 
to the body of the C2 vertebra and the 
lateral masses of the C1 vertebra, with-
out the installation of a posterior system. 
For more extensive resection involving 
the articular surfaces of the atlas and 
the body of the C3 vertebra, combined 
with a posterior construct, the same 
team used an analogous product with 
an additional supporting element located 
between the articular surfaces of the atlas 
and the body of the C3 vertebra. Jackson 
et al. [38] applied an individual plate for 
fixation in situ during decompression for 
cervical discogenic myelopathy caused 
by Klippel-Feil syndrome associated with 
pronounced scoliotic deformity (Fig. 9).

Thus, the personification of anterior 
plates allows performing fixation under 
conditions where the use of serial prod-
ucts is impossible.

Bridge-like anterior implants
An original solution to the problem of 

progressing kyphotic deformity caused 
by multilevel osteolysis of vertebral bod-
ies in neurofibromatosis and Gorham’s 
disease was proposed by Willemsen et al. 
[9, 46]. After posterior stabilization (revi-
sion in all three cases), the load-bearing 
capacity of the anterior structures was 
restored by an individual implant, repre-
senting a column with contact platforms, 
fixed with screws to the bodies of the 
superior and inferior unaffected verte-
brae (Fig. 10).

With the most extended zone of oste-
olysis (C7–T10), the authors successfully 
stabilized practically the entire thoracic 
spine using a double approach. In the 
case of non-tumor extended destruction, 
the bridge-like implant is undoubtedly an 
excellent alternative to multilevel cor-
pectomy and bone grafting.

“Monolithic” implants
A common technical solution unites 

two observations distinct from one 
another, in which completely different 
tasks faced the operator. Thayaparan et 
al. [43] encountered the necessity to per-
form revision stabilization of the lum-
bosacral junction, wherein the instal-
lation of screws in the S1 vertebra was 

impossible, and the anterior approach 
was contraindicated. The authors made 
a decision to create a lower support base 
consisting of one sacral (S2 level) and 
two iliac screws from each side. For the 
commutation of the construct, patient-
specific implants were used, represent-
ing a rod of a preset configuration with 

“branches” for each of the iliac screws.  
Li et al. [42] faced the failure of integu-
ments in the area of a parallel connector 
linking the iliac hook and the distal com-
ponent of the distraction system “rib-pel-
vis” in a patient with meningomyelocele 
related kyphosis. The exposed connector 
was removed, and the iliac support and 
the distal component of the construct 
were replaced by a “monolithic” (without 
connecting node) low-profile individual 
product (Fig. 11).

If in the first case the task could, in 
principle, be solved by means of a bulky 
and inconvenient construct of serial ele-
ments, then given the failure of integu-
ments in the connector area, it is difficult 
to imagine another as simple and elegant 
solution.

The analysis of published data allows 
highlighting the following advantages 
of patient-specific implants. In certain 
typical situations, the use of personified 
products provides better results com-
pared to serial devices (reconstructive 
implants for the upper cervical region, 
congruent interbody and body-replacing 

implants). When solving some rare tasks, 
for which serial products are unsuitable, 
the application of individual devices is 
optimal (bridge-like implants, anterior 
plates). It should be noted that drawing 
a clear boundary between these variants 
is not always possible. An additional posi-
tive feature of personified products con-
ditioned by the manufacturing technol-
ogy (3D  printing) is the ability to impart 

Fig. 9
Individual anterior plate. Author’s 
drawing Fig. 10

Anterior bridge-like implant. Author’s 
drawing

Fig. 11
«Monolithic» implant. Author’s 
drawing
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to them a microporous structure that 
favors osseointegration [22, 24, 27, 33].

On the other hand, surgical interven-
tion using an individual implant involves 
a lengthy and labor-intensive stage of 
preoperative planning, requiring the par-
ticipation of qualified personnel [8, 13, 
14, 16, 19, 42]. However, as Mobbs et al.  
showed [45], with streamlined logis-
tics, a product can be designed, manu-
factured, and sterilized in less than 48 
hours. The second significant limitation 
is the necessity to strictly follow the pre-
viously outlined operation plan, which 
places extremely high demands. Hu et al. 
[24] in two cases were forced to refuse 
the use of a personified product due to 
a mismatch in the dimensions of the 
implant and the bone bed, and Girolami 
et al. [20] directly recommend having an 
alternative operation plan using serial 

products. Many teams manufactured sev-
eral implants of different sizes: from two 
to three [6, 8, 9, 13, 15, 16, 21–23, 29, 
31, 32, 34, 37, 41, 44, 45] to five [39] 
and even 32 variants [27]. Only in four 
cases are data provided on which vari-
ant of the product was used (smaller 
[37], matching exactly [9, 37], and larg-
er [9, 29]). Of note, the less frequently 
used PEEK material, unlike the titani-
um alloy, can be modified by a surgical 
instrument during the operation [35].

Thus, the use of patient-specific 
implants can serve as an important 
addition to the surgeon’s arsenal in the 
case of a rare problem, and for some 
typical tasks it represents the optimal 
solution.

Limitations of the study are associat-
ed with the search in a small number of 
electronic databases, consideration of 

sources only in English and Russian lan-
guages, and the exclusion of articles with 
inaccessible full text. Some publications 
could not have been found using the key-
words employed.

Conclusion

Patient-specific implants are used when 
existing serial products do not match 
the assigned tasks or the anatomical fea-
tures of the patient. The pathology in 
the majority of cases is represented by 
degenerative and oncological diseases 
in individuals of the older age group. 
Authors from the United States of 
America, China, and Australia possess 
the largest number of observations and 
publications.

1.	 Kabra DA, Garg DB. Current applications of 3-dimensional printing in spine surgery. 

J Orthop. 2023;41:28–32. DOI: 10.1016/j.jor.2023.05.009

2.	 Katiyar P, Boddapati V, Coury J, Roye B, Vitale M, Lenke L. Three-dimensional 

printing applications in pediatric spinal surgery: a systematic review. Global Spine J. 

2024;14:718–730. DOI: 10.1177/21925682231182341

3.	 Liang W, Han B, Hai JJ, Hai Y, Chen L, Kang N, Yin P. 3D-printed drill guide tem-

plate, a promising tool to improve pedicle screw placement accuracy in spinal defor-

mity surgery: A systematic review and meta-analysis. Eur Spine J. 2021;30:1173–1183. 

DOI: 10.1007/s00586-021-06739-x

4.	 Yu C, Ou Y, Xie C, Zhang Y, Wei J, Mu X. Pedicle screw placement in spinal neuro-

surgery using a 3D-printed drill guide template: a systematic review and meta-analysis. 

J Orthop Surg Res. 2020;15:1. DOI: 10.1186/s13018-019-1510-5

5.	 Kosulin AV, Elyakin DV, Lebedeva KD, Sukhomlinova AE, Kozlova EA, 

Orekhova AE. Navigation template for vertebral pedicle passage in transpedicular 

screw fixation. Pediatrician (St. Petersburg). 2019;10(3):45–50]. 

         DOI: 10.17816/PED10345-50 EDN: YIQQNJ

6.	 Amelot A, Colman M, Loret JE. Vertebral body replacement using patient-specific three-

dimensional-printed polymer implants in cervical spondylotic myelopathy: an encouraging 

preliminary report. Spine J. 2018;18:892–899. DOI: 10.1016/j.spinee.2018.01.019

7.	 Chung KS, Shin DA, Kim KN, Ha Y, Yoon DH, Yi S. Vertebral reconstruction 

with customized 3-dimensional-printed spine implant replacing large vertebral defect  

with 3-year follow-up. World Neurosurg. 2019;126:90–95. DOI: 10.1016/j.wneu.2019.02.020

8.	 Li Y, Zheng G, Liu T, Liang Y, Huang J, Liu X, Huang J, Cheng Z, Lu S, 

Huang L. Surgical resection of solitary bone plasmacytoma of atlas and reconstruc-

tion with 3-dimensional-printed titanium patient-specific implant. World Neurosurg. 

2020;139:322–329. DOI: 10.1016/j.wneu.2020.04.041

9.	 Willemsen K, Nizak R, Noordmans HJ, Castelein RM, Weinans H, Kruyt MC. Chal-

lenges in the design and regulatory approval of 3D-printed surgical implants: a two-case 

series. Lancet Digit Health. 2019;1:e163–e171. DOI: 10.1016/S2589-7500(19)30067-6

10.	 Hu P, Du S, Wei F, Zhai S, Zhou H, Liu X, Liu Z. Reconstruction after resection 

of C2 vertebral tumors: A comparative study of 3D-printed vertebral body versus tita-

nium mesh. Front Oncol. 2022;12:1065303. DOI: 10.3389/fonc.2022.1065303

11.	 Asghar J, Patel AI, Osorio JA, Smith JS, Small J, Mullin JP, Desai A, Temple-

Wong M, Nicolau RJ. Mismatch between pelvic incidence and lumbar lordosis after 

personalized interbody fusion: the importance of preoperative planning and alignment  

in degenerative spine diseases. Int J Spine Surg. 2024;18(S1):S24–S31. DOI: 10.14444/8638

12.	 Smith JS, Mundis GM, Osorio JA, Nicolau RJ, Temple-Wong M, Lafage R, Bess S, 

Ames CP. Analysis of personalized interbody implants in the surgical treatment of adult 

spinal deformity. Global Spine J. 2025;15:930–939. DOI: 10.1177/21925682231216926

13.	 Mobbs RJ, Parr WCH, Choy WJ, McEvoy A, Walsh WR, Phan K. Anterior lum-

bar interbody fusion using a personalized approach: Is custom the future of implants 

for anterior lumbar interbody fusion surgery? World Neurosurg. 2019;124:452–458.e1. 

DOI: 10.1016/j.wneu.2018.12.144

14.	 Phan K, Sgro A, Maharaj MM, D’Urso P, Mobbs RJ. Application of a 3D custom 

printed patient specific spinal implant for C1/2 arthrodesis. J Spine Surg. 2016;2:314–318.  

DOI: 10.21037/jss.2016.12.06

15.	 Siu TL, Rogers JM, Lin K, Thompson R, Owbridge M. Custom-made titanium 

3-dimensional printed interbody cages for treatment of osteoporotic fracture-related 

spinal deformity. World Neurosurg. 2018;111:1–5. DOI: 10.1016/j.wneu.2017.11.160

16.	 Spetzger U, Frasca M, Konig SA. Surgical planning, manufacturing and implan-

tation of an individualized cervical fusion titanium cage using patient-specific data.  

Eur Spine J. 2016;25:2239–2246. DOI: 10.1007/s00586-016-4473-9

17.	 Thayaparan GK, Owbridge MG, Thompson RG, D’Urso PS. Designing patient-

specific 3D printed devices for posterior atlantoaxial transarticular fixation surgery.  

J Clin Neurosci. 2018;56:192–198. DOI: 10.1016/j.jocn.2018.06.038

18.	 Baldassarre BM, Di Perna G, Portonero I, Penner F, Cofano F, Marco R, 

Marengo N, Garbossa D, Pecorari G, Zenga F. Craniovertebral junction chor-

domas: Case series and strategies to overcome the surgical challenge. J Craniovertebr 

Junction Spine. 2021;12:420–431. DOI: 10.4103/jcvjs.jcvjs_87_21

References



General issue

89

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2026;23(1):82–91 

A.V. Kosulin et al. Patient-specific implants in spine surgery 

19.	 Choy WJ, Mobbs RJ, Wilcox B, Phan S, Phan K, Sutterlin CE 3rd. Reconstruc-

tion of thoracic spine using a personalized 3D-printed vertebral body in adoles-

cent with T9 primary bone tumor. World Neurosurg. 2017;105:1032 e13–1032.e17.  

DOI: 10.1016/j.wneu.2017.05.133

20.	 Girolami M, Boriani S, Bandiera S, Barbanti-Brodano G, Ghermandi R, Terzi S, 

Tedesco G, Evangelisti G, Pipola V, Gasbarrini A. Biomimetic 3D-printed cus-

tom-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;27:3073–3083. 

       DOI: 10.1007/s00586-018-5708-8

21.	 Girolami M, Griffoni C, Asunis E, Falzetti L, Bandiera S, Barbanti Brodano G, 

Ghermandi R, Pipola V, Terzi S, Pesce E, Monopoli Forleo D, Cianchetti M, 

Fiore MR, Presutti L, Fini M, Gasbarrini A. Custom-made 3D-printed implants 

for anterior column reconstruction in the upper cervical spine after intralesional extra-

capsular excision-report of 2 cases and literature review. J Clin Med. 2022;11:6058. 

DOI: 10.3390/jcm11206058

22.	 He S, Yang X, Yang J, Ye C, Liu W, Wei H, Xiao J. Customized “Whole-cervical-verte-

bral-body” reconstruction after modified subtotal spondylectomy of C2-C7 spinal tumor 

via piezoelectric surgery. Oper Neurosurg. 2019;17:580–587. DOI: 10.1093/ons/opz077

23.	 He S, Ye C, Zhong N, Yang M, Yang X, Xiao J. Customized anterior craniocervi-

cal reconstruction via a modified high-cervical retropharyngeal approach following 

resection of a spinal tumor involving C1-2/C1-3. J Neurosurg Spine. 2019;32:432–440. 

DOI: 10.3171/2019.8.SPINE19874

24.	 Hu X, Kenan S, Cheng M, Cai W, Huang W, Yan W. 3D-printed patient-customized 

artificial vertebral body for spinal reconstruction after total en bloc spondylectomy

       of complex multi-level spinal tumors. Int J Bioprint. 2022;8:576. 

        DOI: 10.18063/ijb.v8i3.576

25.	 Hunn SAM, Koefman AJ, Hunn AWM. 3D-printed titanium prosthetic reconstruc-

tion of the C2 vertebra: techniques and outcomes of three consecutive cases. Spine 

(Phila Pa 1976). 2020;45:667–672. DOI: 10.1097/BRS.0000000000003360

26.	 Lador R, Regev G, Salame K, Khashan M, Lidar Z. Use of 3-dimensional print-

ing technology in complex spine surgeries. World Neurosurg. 2020;133:e327–e341. 

DOI: 10.1016/j.wneu.2019.09.002

27.	 Li X, Wang Y, Zhao Y, Liu J, Xiao S, Mao K. Multilevel 3D printing implant 

for reconstructing cervical spine with metastatic papillary thyroid carcinoma. Spine 

(Phila Pa 1976). 2017;42:E1326–E1330. DOI: 10.1097/BRS.0000000000002229

28.	 Mobbs RJ, Coughlan M, Thompson R, Sutterlin CE, Phan K. The util-

ity of 3D printing for surgical planning and patient-specific implant design 

for complex spinal pathologies: case report. J Neurosurg Spine. 2017;26:513–518. 

DOI: 10.3171/2016.9.SPINE16371

29.	 Parr WCH, Burnard JL, Singh T, McEvoy A, Walsh WR, Mobbs RJ. C3-C5 chor-

doma resection and reconstruction with a three-dimensional printed titanium patient-

specific implant. World Neurosurg. 2020;136:226–233. 

       DOI: 10.1016/j.wneu.2019.11.167

30.	 Shkarubo AN, Kuleshov AA, Chernov IV, Vetrile MS, Lisyansky IN, Makarov SN, 

Ponomareno GP, Spyrou M. Transoral decompression and stabilization of the upper 

cervical segments of the spine using custom-made implants in various pathologic 

conditions of the craniovertebral junction. World Neurosurg. 2018;109:e155–e163. 

DOI: 10.1016/j.wneu.2017.09.124

31.	 Sun Z, Yin M, Sun Y, Cheng M, Fang M, Huang W, Ma J, Yan W. Customized mul-

tilevel 3D printing implant for reconstructing spine tumor: a retrospective case series 

study in a single center. Orthop Surg. 2022;14:2016–2022. DOI: 10.1111/os.13357

32.	 Wei F, Li Z, Liu Z, Liu X, Jiang L, Yu M, Xu N, Wu F, Dang L, Zhou H, Li Z, 

Cai H. Upper cervical spine reconstruction using customized 3D-printed vertebral 

body in 9 patients with primary tumors involving C2. Ann Transl Med. 2020;8:332. 

DOI: 10.21037/atm.2020.03.32

33.	 Xu N, Wei F, Liu X, Jiang L, Cai H, Li Z, Yu M, Wu F, Liu Z. Reconstruction 

of the upper cervical spine using a personalized 3D-printed vertebral body in an ado-

lescent with Ewing sarcoma. Spine (Phila Pa 1976). 2016;41:E50–E54. 

       DOI: 10.1097/BRS.0000000000001179

34.	 Yang X, Wan W, Gong H, Xiao J. Application of individualized 3D-printed artificial 

vertebral body for cervicothoracic reconstruction in a six-level recurrent chordoma. 

Turk Neurosurg. 2020;30:149–155. DOI: 10.5137/1019-5149.JTN.25296-18.2

35.	 Zaborovskii N, Masevnin S, Smekalenkov O, Murakhovsky V, Ptash-

nikov D. Patient-specific 3D-Printed PEEK implants for spinal tumor surgery.  

J Orthop. 2024;62:99–105. DOI: 10.1016/j.jor.2024.10.024

36.	 Kerimbayev TT, Aleinikov VG, Urunbayev EA, Tuigynov ZhM, Kenzhegulov EN, 

Abishev NB, Oshaev MS. Experience of 3d implant application in spinal pathology. 

Neurosurgery and Neurology of Kazakhstan. 2023;(3):15–23. 

       DOI: 10.53498/24094498_2023_3_15 EDN: QTSNFC

37.	 Amin T, Parr WCH, Natarajan P, Lennox A, Mobbs L, Mobbs RJ. Anterior lum-

bar interbody fusion (ALIF) for lumbar hemivertebra in an adult using three-dimen-

sional-printed patient-specific implants and virtual surgery planning: a technical report.  

Surg Tech Dev. 2023;12:199–210. DOI: 10.3390/std12040019

38.	 Jackson TJ, Freedman BA, Morris JM, Currier BL, Nassr A. Cervical myelopathy 

in a patient with Klippel-Feil syndrome treated with a patient-specific custom cervical 

spine locking plate. Spinal Cord Ser Cases. 2022;8:6. DOI: 10.1038/s41394-022-00478-x

39.	 Li Z, Zhou F, Zhai S, Xia T, Pan S, Zhang F, Zhang L, Chen J, Sun Y. Congenital 

cervical scoliosis treated with concave side distraction with three-dimensional printed 

titanium cage. Orthop Surg. 2023;15:2709–2715. DOI: 10.1111/os.13843

40.	 Pesante BD, Wellington IJ, Eastlack RK, Singh H. Multilevel customized 3D-print-

ed titanium alloy interbody cages used to treat congenital scoliosis: a case report. 

J Orthop Case Rep. 2023;13:58–64. DOI: 10.13107/jocr.2023.v13.i10.3936

41.	 Amin T, Lin H, Parr WCH, Lim P, Mobbs RJ. Revision of a failed C5-7 corpec-

tomy complicated by esophageal fistula using a 3-dimensional-printed zero-profile 

patient-specific implant: a technical case report. World Neurosurg. 2021;151:29–38. 

DOI: 10.1016/j.wneu.2021.04.013

42.	 Li M, Alhani B, Newton-Ede M, Marks D, Jones M. Patient-specific 3D printing 

to replace components of a rib-to pelvis “Eiffel Tower” vertebral expanding pros-

thetic titanium rib system in an infant: a case report. Eur Spine J. 2023;32:2607–2614.  

DOI: 10.1007/s00586-022-07460-z

43.	 Thayaparan GK, Owbridge MG, Thompson RG, D’Urso PS. Designing patient-

specific solutions using biomodelling and 3D-printing for revision lumbar spine surgery. 

Eur Spine J. 2019;28(Suppl 2):18–24. DOI: 10.1007/s00586-018-5684-z

44.	 Tredan DAM, Mobbs RJ, Maharaj M, Parr WCH. Combining virtual surgical plan-

ning and patient-specific 3D-printing as a solution to complex spinal revision surgery. 

J Pers Med. 2022;13:19. DOI: 10.3390/jpm13010019

45.	 Mobbs RJ, Parr WCH, Huang C, Amin T. Rapid personalised virtual planning and on-

demand surgery for acute spinal trauma using 3D-printing, biomodelling and patient-spe-

cific implant manufacture. J Pers Med. 2022;12:997. DOI: 10.3390/jpm12060997

46.	 Willemsen K, Magre J, Mol J, Noordmans HJ, Weinans H, Hekman EEG, 

Kruyt MC. Vital role of in-house 3D lab to create unprecedented solutions 

for challenges in spinal surgery, practical guidelines and clinical case series. J Pers Med. 

2022;12:395. DOI: 10.3390/jpm12030395

47.	 Dykhouse GL, Bratescu RA, Kashlan ON, McGrath L Jr, Hartl R, Elsayed GA. 

Trends in spinal implant utilization and pricing. J Craniovertebr Junction Spine. 

2025;15:404–410. DOI: 10.4103/jcvjs.jcvjs_115_24



90
General issue

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2026;23(1):82–91 

A.V. Kosulin et al. Patient-specific implants in spine surgery 

Authors’ Info
Artem Vladimirovich Kosulin, MD, Cand. Sci. (Medicine); 2 Litovskaya str., Saint Petersburg, 194100, Russia; eLibrary SPIN: 7609-0708; ORCID: 0000-0002-9505-222X;  

hackenlad@mail.ru

Dmitriy Viktorovich Elyakin; ORCID: 0000-0002-6575-7464; dimaelkins@mail.ru

Valeriya Gennadyevna Mironenko; ORCID: 0009-0006-6690-1604; valery22000@gmail.com 

Aleksandra Viktorovna Podrezova; ORCID: 0009-0001-1135-6956; podrezane@yandex.ru

Anastasia Yakovlevna Slobodina; ORCID: 0009-0000-1625-8442; nastya_slobodina@mail.ru

Ulyana Ivanovna Gubina; ORCID: 0009-0009-2050-7056; gubinau7@gmail.com

Kseniya Olegovna Borisova; ORCID: 0009-0007-2796-8432; borisova.ksyunya@icloud.com

Mariya Vadimovna Zyryanova; ORCID: 0009-0006-1873-2607; mariika2901@mail.ru

Artem Mikhaylovich Shorokhov; ORCID: 0009-0008-8461-8540; 010695art@mail.ru

Additional information
Author contributions. A.V. Kosulin – writing the article, selecting sources, corresponding author duties; D.V. Elyakin – editing the article, selecting sources; V.G. Mironenko – analysis 

and processing of sources; A.V. Podrezova – analysis and processing of sources; A.Ya. Slobodina – analysis and processing of sources; U.I. Gubina – analysis and processing of sources; 

K.O. Borisova – analysis and processing of sources; M.V. Zyryanova – analysis and processing of sources; A.M. Shorokhov – analysis and processing of sources. All authors approved the 

manuscript (the version for publication), and also agreed to bear responsibility for all aspects of the work, guaranteeing proper consideration and resolution of issues related to the accuracy 

and integrity of any part of it.

Funding sources. None.

Disclosure of interests. The authors declare no conflict of interest.

Received 19.01.2026

Review completed 11.02.2026

Passed for printing 18.02.2026



General issue

91

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2026;23(1):82–91 

A.V. Kosulin et al. Patient-specific implants in spine surgery 


