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APPLICATION
OF THREE-LEVEL NAVIGATION TEMPLATE
IN SURGERY FOR HEMIVERTEBRAE
IN ADOLESCENTS

A.V. Kosulin, D.V. Elyakin, L.A. Kornievskiy, A.M. Darkovskaya, I1.A. Bulatova, A.A. Pashko
Saint-Petersburg State Pediatric Medical University, St. Petersburg, Russia

Objective. To assess efficacy and safety of using a three-level navigation template in the surgical treatment of congenital spinal deformities.
Material and Methods. Three-level navigation templates were used in surgical treatment of four consecutively operated 10—17-year-old
patients with congenital scoliosis associated with thoracic hemivertebrae. The correctness of screw position was evaluated according to
CT data using a 2-mm increment method: class O — intraosseous screw position; class 1 — the screw extends beyond the pedicle cortex
by less than 2 mm; class 2 — by 2—4 mm; and class 3 — by more than 4 mm. Preoperative DICOM data were processed with free software.
The model of target zone and navigation template were 3D printed and used in surgery.

Results. Four of 16 (25 %) pedicles were narrower than 4.35 mm and were estimated as difficult for implantation with a planned viola-
tion of the integrity of the endplate. Perforation of the outer cortical layer took place in all these cases, and screw position corresponded
to class 2 only in pedicle width of 1.9 mm. In pedicles wider than 4.35 mm, 11 of 12 (91.7 %) screws were implanted intraosseously. One
screw extended beyond the pedicle cortex by 0.8 mm (class 1).

Conclusion. Three-level navigation template can be considered as an effective means of positioning transpedicular screws in secondarily
changed segments adjacent to anomalous one and confounding implantation. Free software is sufficient for preparing 3D-model of target
zone and navigation template, and such a model is a highly informative reference object that is convenient to use during the operation.

A navigation template made using 3D printing does not require the use of expensive equipment, which can make surgery for congenital

scoliosis more accessible.
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As the equipment and expendable
supplies for 3D printing become less
expensive and more available, this
technology has been used in medicine
to manufacture physical objects based
on digital data more and more
frequently. In surgery of the spine,
cerebral and facial skull, middle ear,
larynx, and heart [1-7], the object
of intervention is a complex three-
dimensional structure characterized by
individual variability. Reproducing this
three-dimensional structure is a novel
imaging modality that supplements the
conventional 3D imaging, simplifies
preoperative planning, improves
safety of the surgery, and reduces
its traumaticity [8]. If high-precision
implantation is needed, 3D printing
will make it possible to manufacture a
personified navigational tool that allows
one to reproduce the directions and

distances determined during surgery
simulation [9].

The difficulties related to corrective
surgeries performed for patients with
congenital vertebral anomalies are usu-
ally caused by the anatomical features
of the anomalous segment and the adja-
cent ones. Whereas the general princi-
ples of hemivertebra excision and instru-
mented correction of the deformity are
well-known [10, 11], the procedure used
for transpedicular screw implantation
near the deformity apex can be chal-
lenging because of the anatomical fea-
tures of pedicles (their small size). The
involvement of these structures increases
the risk of improper screw placement,
including the risk of damaging the neu-
ral structures.

The objective of this study was to
assess the effectiveness and safety of
application of the three-level naviga-
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tional template in surgical treatment of
congenital spine deformities.

Material and Methods

Three-level navigational templates
were used in surgical treatment of four
consecutively operated 10-17-year-
old patients with congenital spine
deformities caused by thoracic
hemivertebrae.

The demographic, clinical, and radio-
graphic data of patients enrolled in the
study are shown in Table 1.

If any of the frontal pedicle dimen-
sion (height or width) during preop-
erative planning was found to be less
than 4.35 mm (the minimal diameter
of a transpedicular screw in the stan-
dard implantation kit), screw implanta-
tion was regarded as potentially difficult
(improper). The DICOM data obtained
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for preoperative CT scans were pro-
cessed using open-source software. A
virtual 3D model of the zone of interest
covering the anomalous vertebra and the
adjacent ones was built using the Thresh-
old Effect of density in the Slicer program.
Primary processing of the model involv-
ing the elimination of excessive elements
and spatial orientation was then con-
ducted using the Autodesk Meshmixer
program. Blender 3D editor was used to
visualize the planar cross sections of the
vertebrae to be implanted and perform
positioning of cylinder-shaped figures
(a virtual drill) along the optimal trans-
pedicular trajectories. The same cylinder
simulated the pedicle of a hemivertebra
(Fig. 12). In case of prognostically dif-
ficult implantation, it was planned that
the drill will move juxtapedicularly and
perforate the outer cortical layer. Cylin-
drical defects corresponding to positions
of the optimal transpedicular trajectories
were simulated by subtracting the fig-
ures of the virtual drill from the model.
Hence, five trajectories running through
the pedicle of the hemivertebra and two
adjacent vertebrae were formed in each
model. The supporting plate of the navi-
gational template corresponding to three
adjacent vertebrae was formed using 3D
graphics primitives. The supporting plate
was shaped as an imprint from the pos-
terior vertebral structures using the pro-
jection algorithm (Shrinkwrap modifi-
er). Hollow cylindrical figures of guiding
tubes simulated the position of a virtual
drill. The navigational template was cre-
ated by combining them with the sup-
porting plate (Fig. 1b). The model of the
zone of interest and the navigational
template were exported to the STL for-
mat and 3D printed using PLA material
(Fig. 1c, d).

The ready-to-use templates were sub-
jected to low-temperature sterilization
and utilized during surgical interventions.
The posterior vertebral structures were
identified according to osseous land-
marks using the 3D model as a reference
object and thoroughly skeletonized. The
supporting plate of the navigational tem-
plate was then placed onto the posterior
structures, and its stability was controlled.
The transpedicular trajectories through

the guiding tubes were formed using the
drill (Fig. 1e). The integrity of bone walls
was controlled with a probe. Transpedic-
ular screws (minimal diameter, 4.35 mm)
were implanted into the vertebrae adja-
cent to the anomalous one. The body of
the hemivertebra was resected by trans-
pedicular eggshell osteotomy, and instru-
mented correction of the deformity was
subsequently performed [11].

All the patients underwent postopera-
tive CT scanning. The screw placement
accuracy was assessed using the two-
millimeter increment system [12]: class
0 - intraosseous screw positioning; class
1 - the screw extends beyond the pedicle
cortex by less than 2 mm; class 2 — the
screw extends beyond the pedicle cortex
by less than 2-4 mm; and class 3 - the
screw extends beyond the pedicle cortex
by more than 4 mm.

Results

Table 2 shows the dimensions of the api-
cal arch vertebrae (to be operated on)
determined during preoperative plan-
ning, as well as postoperative assessment
of positioning of transpedicular screws.

Hence, four (25 %) of 16 pedicles
with pedicle width less than 4.35 mm
were regarded as prognostically difficult
for implantation (as the endplate integ-
rity would probably be violated). Perfora-
tion of the outer cortical layer took place
in all these cases (Fig. 2); class 2 screw
position was observed only for pedicle
width of 1.9 mm.

When the pedicle width was more
than 4.35 mm, intraosseous sCrew posi-
tioning (class 0) was achieved in 11
(91.7 %) of 12 cases; in one case, the

screw extended beyond the cortical lay-
er by 0.8 mm (class 1).

Discussion

Among the vast number of publications
addressed to application of navigational
templates in spine surgery, most studies
focus on screw placement into the
cervical vertebrae in adult patients
[13-19]. Closely related to our study,
the publication by D.N. Kokushin et al.
[20] is limited to in vitro application
of navigational templates to manage
hemivertebrae, while we found no data
on clinical application of this method in
a homogeneous patient population with
spinal malformations.

Most authors prefer to print both the
navigational template and the model
of the zone of interest [13-15, 17-19,
21-25], although it is not always regard-
ed as an obligatory stage [16, 26-28]. In
our opinion, the model of the zone of
interest improves the quality of preoper-
ative planning, makes it easier to explain
the essence of the pathology and the
upcoming surgery to patients and their
representatives. Furthermore, it makes
orientation in the surgical wound easier
and can be used for educational purpos-
es. These properties of the model largely
depend on subjective impressions. A sur-
vey study needs to be conducted to make
them unbiased.

A reported drawback of the naviga-
tional template is that the posterior ver-
tebral structures need to be meticulously
skeletonized, which causes significant
blood loss and tissue injury [29]. Mean-
while, planning joint fusion surgery per
se requires skeletonization of the pos-

Table 1

The general age and sex characteristics of patients enrolled in the study and anatomical

characteristics of the pathology

Patient Sex Age, years Hemivertebra Cobb angle (degree of the apical scoliotic
location curve), degrees
1 M 12 T1ls 27
2 F 17 T3s 26
3 F 12 T9s 32
4 M 10 T9s 40
55
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Fig. 1

Stages of preoperative modeling and perioperative application of a three-level template:
a — virtual modeling of the surgery; b — a virtual model of navigational template with
five guiding tubes; ¢, d — the ready-to-use three-level template, dorsal (¢) and ventral
(d) views; e — perioperative application of the template

terior structures as one of the prerequi-
sites for the formation of complete local
bone block.

Single-level navigational templates
were used in most studies: they prevent
the inaccuracy related to displacement
of the adjacent vertebrae as the patient
changes his or her body position 13, 14,
16-19, 23, 25]. Meanwhile, R.A. Kova-
lenko et al. [30] demonstrated that high-
er total instrumentation area increases
template stability and, therefore, ensures
better implantation accuracy. In partic-
ular, craniocaudal stability is improved

by increasing the distance between two
marginal supporting points in the sagit-
tal plane. Hence, when performing trans-
pedicular fixation of a limited-mobili-
ty zone, it is preferred to use one navi-
gational template, which allows more
reliable positioning of the supporting
plate and minimizing the time needed
to consecutively insert several templates.
In turn, the application of a multi-level
template consisting of several supporting
plates linked by flexible inserts is super-
fluous [29].
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To prevent displacement of the
adjacent vertebrae, which is an error
source during navigation, it was sug-
gested that patients undergo preopera-
tive CT scanning in prone position; how-
ever, it is impossible to ensure that the
body position inside an MRI machine
precisely coincides with that on the
operating table [27, 28]. Meanwhile, in
patients with congenital thoracic scolio-
sis caused by hemivertebrae, the apical
curve formed by the hemivertebra and
the adjacent vertebrae usually has limited
mobility, which ensures stability of the
three-level template.

The open-source software is sufficient
for preparing the 3D model of the zone
of interest and creating the navigational
template. This model is a highly informa-
tive reference object that is convenient
to use during surgery. The 3D printed
navigational template does not require
expensive equipment. It can be regarded
as an alternative to the currently used
CT navigation and allows one to con-
duct the type of surgeries discussed in
this study at medical settings where the
CT navigation equipment is not available.

Conclusions

The three-level navigational template is
an effective and safe means of position-
ing transpedicular screws in children
with thoracic hemivertebrae, including
the pronounced changes in the segments
adjacent to the abnormal one.

The limitations of this study include
small sample size and no reference group.

All the authors bave equally contributed to preparing
this manuscript. The study bad no sponsors. The
authors declare that there is no conflict of interest.
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Table 2
The minimal width of pedicles of the vertebrae adjacent to the anomalous one and postoperative
evaluation of screw position accuracy
Patient Level and side Pedicle width, mm Class of screw placement
accuracy
1 T10, left 2.7 1
T10, right 5.2 0
T12, left 6.8 0
T12, right 2.4 1
2 T2, left 5.3 0
T2, right 4.9 1
T4, left 8.3 0
T4, right 1.9 2
3 T8, left 4.9 0
T8, right 5.7 0
T10, left 49 0
T10, right 49 0
4 T8, left 2.9 1
T8, right 4.6 0
T10, left 6.7 0
T10, right 4.9 0

Fig. 2

The vertebra adjacent to the abnormal one: preoperative (2) and postoperative (b) MR
scans: a — prognostically difficult implantation on the right side (pedicle width, 24 mm);
b - the screw perforates the outer cortical plate on the right side (class 1)

57

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 2020:17(1):54-60

AV. KOSULIN ET AL. APPLICATION OF THREE-LEVEL NAVIGATION TEMPLATE IN SURGERY FOR HEMIVERTEBRAE IN ADOLESCENTS

References

Wilcox B, Mobbs RJ, Wu AM, Phan K. Systematic review of 3D printing in spi-
nal surgery: the current state of play. J Spine Surg. 2017;3:433-443. DOL: 10.21037/
j$5.2017.09.01.

Aydin HE, Kaya I, Aydin N, Kizmazoglu C, Karakoc F, Yurt H, Husemog-
Iu RB. Importance of three-dimensional modeling in cranioplasty. ] Craniofac Surg.
2019;30:713-715. DOL 10.1097/SCS.0000000000005121.

Filatova 00, Klimov AG, Seleznev BV. The usage of combination of tricalcium
phosphate and polylactic acid as materials for 3D printing of alloplastic blocks. Pedia-
trician (St Petersburg). 2017;8(3):47-50. In Russian]. DOL 10.17816/PED8347-50.
Vlasova GV, Pavlov PV. Congenital middle ear cholesteatoma in children: retrospec-
tive analysis of 23 cases. Vestnik otorinolaringologii. 2017;82(S5):59-60. In Russian
Zaharova ML, Pavlov PV. Congenital larynx diseases in children. Russian otorhino-
laryngology. 2017;86(1):31-35. In Russian

Hamdan AL, Haddad G, Haydar A, Hamade R. The 3D printing of the para-
lyzed vocal fold: added value in injection laryngoplasty. ] Voice. 2018;32:499-501.
DOL: 10.1016/jjvoice.2017.07.011.

Giannopoulos AA, Mitsouras D, Yoo SJ, Liu PP, Chatzizisis YS, Rybicki FJ.
Applications of 3D printing in cardiovascular diseases. Nat Rev Cardiol. 2016;13:701-
718. DOL: 10.1038/nrcardio.2016.170.

Tack P, Victor J, Gemmel P, Annemans L. 3D-printing techniques in a medical
setting: a systematic literature review. Biomed Eng Online. 2016;15:115. DOL 10.1186/
§12938-016-0236-4.

Wu AM, Lin JL, Kwan KYH, Wang XY, Zhao J. 3D-printing techniques in
spine surgery: the future prospects and current challenges. Expert Rev Med Devices.
2018;15:399-401. DOIL: 10.1080,/17434440.2018.1483234.

. Ulrich EV, Mushkin AYu. Surgical Correction of Congenital Spinal Abnormalities in

Children. St. Petersburg, 2007. In Russian

. Ratliff JK, Nasser R Hemivertebrae resection. In: Operative Techniques: Spine Sut-

gery, 3rd ed. Ed. by Vaccar AR, Baron EM. Elsiever; 2018:398-402.

. Aoude AA, Fortin M, Figueiredo R, Jarzem P, Ouellet J, Weber MH. Methods

to determine pedicle screw placement accuracy in spine surgery: a systematic review.
Eur Spine J. 2015;24:990-1004. DOIL: 10.1007/500586-015-3853-x.

. Burtsev AV, Pavlova OM, Ryabykh SO, Gubin AV. Computer 3D-modeling of

patient-specific navigational template for cervical screw insertion. Hir. Pozvonoc.
2018;15(2):33-38. In Russian]. DOIL 10.14531/s52018.2.33-38.

. Kovalenko RA, Rudenko VV, Kashin VA, Cherebillo VYu, Ptashnikov DA.

Application of patient-specific 3D navigation templates for pedicle screw fixation of
subaxial and upper thoracic vertebrae. Hir. Pozvonoc. 2019;16(2):35-41. In Russian).
DOL: 10.14531/$s2019.2.35-41.

. Deng T, Jiang M, Lei Q, Cai L, Chen L. The accuracy and the safety of individual-

ized 3D printing screws insertion templates for cervical screw insertion. Comput Assist
Surg (Abingdon). 2016;21:143-149. DOL 10.1080,/24699322.2016.1236146.

. Kaneyama S, Sugawara T, Sumi M. Safe and accurate midcervical pedicle screw

insertion procedure with the patient-specific screw guide template system. Spine.
2015;40:E341-E348. DOI: 10.1097/BRS.0000000000000772.

. PuX, Luo C, LuT, Yao S, Chen Q. Clinical application of atlantoaxial pedicle screw

placement assisted by a modified 3d-printed navigation template. Clinics (Sao Paulo).
2018;73:¢259. DOL: 10.6061 /clinics/2018/€259.

. Sugawara T, Higashiyama N, Kaneyama S, Sumi M. Accurate and simple screw

insertion procedure with patient-specific screw guide templates for posterior C1-C2
fixation. Spine. 2017;42:E340-E346. DOL: 10.1097/BRS.0000000000001807.

. WangF, Li CH, Liu ZB, Hua ZJ, He Y], Liu J, Liu YX, Dang XQ. The effectiveness

and safety of 3-dimensional printed composite guide plate for atlantoaxial pedicle

58

20.

21.

22.

23.

24,

25.

20.

27.

28.

29.

30.

screw: A retrospective study. Medicine (Baltimore). 2019;98:¢13769. DOL: 10.1097/
MD.0000000000013769.

Kokushin DN, Vissarionov SV, Baindurashvili AG, Ovechkina AV, Poznov-
ich MS. Comparative analysis of pedicle screw placement in children with congenital
scoliosis: freehand technique (in vivo) and guide templates (in vitro). Travmatologiya
I Ortopediya Rossii [Traumatology and Orthopedics of Russia]. 2018;24(4):53-63. In
Russian]. DOL 10.21823/2311-2905-2018-24-4-53-63.

Kosulin AV, Elyakin DV, Lebedeva KD, Sukhomlinova AE, Kozlova EA, Orek-
hova AE. Navigation template for vertebral pedicle passage in transpedicular screw
fixation. Pediatrician (St. Petersburg). 2019;10(3):45-50. In Russian]. DOL 10.17816/
PED10345-50.

Cecchinato R, Berjano P, Zerbi A, Damilano M, Redaelli A, Lamartina C. Ped-
icle screw insertion with patient-specific 3D-printed guides based on low-dose CT
scan is more accurate than free-hand technique in spine deformity patients: a pro-
spective, randomized clinical trial. Eur Spine J. 2019;28:1712-1723. DOL: 10.1007/
500586-019-05978-3.

Garg B, Gupta M, Singh M, Kalyanasundaram D. Outcome and safety analysis of
3D-printed patient-specific pedicle screw jigs for complex spinal deformities: a com-
parative study. Spine J. 2019;19:56-64. DOL 10.1016/j.spinee.2018.05.001.

Li X, Zhang Y, Zhang Q, Zhao C, Liu K. Clinical application of a drill guide tem-
plate for pedicle screw placement in severe scoliosis. Acta Ortop Bras. 2017;25:67-70.
DOI: 10.1590/1413-785220172502138828.

Lu T, Liu C, Dong J, Lu M, Li H, He X. Cervical screw placement using rapid pro-
totyping drill templates for navigation: a literature review. Int ] Comput Assist Radiol
Surg. 2016;11:2231-2240. DOL 10.1007/s11548-016-1414-3.

Fan'Y, Du J, Zhang J, Liu S, Xue X, Huang Y, Zhang J, Hao D. Comparison of
accuracy of pedicle screw insertion among 4 guided technologies in spine surgery. Med
Sci Monit. 2017;23:5960-5968. DOL 10.12659/MSM.905713.

Liu K, Zhang Q, Li X, Zhao C, Quan X, Zhao R, Chen Z, Li Y. Preliminary
application of a multi-level 3D printing drill guide template for pedicle screw place-
ment in severe and rigid scoliosis. Eur Spine J. 2016;26:1684-1689. DOIL: 10.1007/
500586-016-4926-1.

Merc M, Drstvensek I, Vogrin M, Brajlih T, Friedrich T, Recnik G. Error rate of
multi-level rapid prototyping trajectories for pedicle screw placement in lumbar and
sacral spine. Chin J Traumatol. 2014;17:261-266.

Azimifar F, Hassani K, Saveh AH, Ghomsheh FT. A medium invasiveness multi-
level patient’s specific template for pedicle screw placement in the scoliosis surgery.
Biomed Eng Online. 2017;16:130. DOL 10.1186/512938-017-0421-0.

Kovalenko RA, Kashin VA, Cherebillo VYu, Sharifov RM, Mironchuk RR,
Akopov AL, Ivanov VA. Determination of optimal design of navigation templates
for transpedicular implantation in the cervical and thoracic spine: results of cadaveric
studies. Hir. Pozvonoc. 2019;16(4):77-83. In Russian]. DOL 10.14531/s52019.4.77-83.

Address correspondence to:

Kosulin Artem Vladimirovich,

Saint-Petersburg State Pediatric Medical University,
2 Litovskaya str., St. Peterburg, 194100, Russia,
hackenlad@mail.ru

Received 13.01.2020
Review completed 24.01.2020
Passed for printing 30.01.2020

SPINE DEFORMITIES



HIRURGIA POZVONOCHNIKA 2020:17(1):54-60
AV. KOSULIN ET AL. APPLICATION OF THREE-LEVEL NAVIGATION TEMPLATE IN SURGERY FOR HEMIVERTEBRAE IN ADOLESCENTS

Artem Viadimirovich Kosulin, assistant Professor, Department of Operative Surgery and Topographic Anatomy n.a. F.1 Valker, Saini-Petersburg State Pediatric Medi-
cal University, 2 Litovskaya str., St. Petersburg, 194100, ORCID: 0000-0002-9505-222X, backenlad@mail.ru;

Dmitry Viktorovich Elyakin, pediatric surgeon, Surgical Department No.2, Saini-Petersburg State Pediatric Medical University, 2 Litovskaya sir., Si. Petersburg,
194100, ORCID: 0000-0002-6575-7464, dimaelkins@mail.ru;

Leonid Aleksandrovich Kornievskiy, assistant professor, Department of Otorbinolaryngology, Saint-Petersburg State Pediatric Medical University, 2 Litovskaya sir., Si.
Petershurg, 194100, ORCID: 0000-0002-8635-16006, korni-leonid@yandex.ru;

Aleksandra Maksimovna Darkovskaya, student, Pediatric Faculty, Saini-Petersburg State Pediatric Medical University, 2 Litovskaya str., Si. Petersburg, 194100,
ORCID: 0000-0002-2511-9679, sashadarkovskaya@mail.ru;

Irina Anatolyevna Bulatova, MD, PhD, associate professor, Department of Operative Surgery and Topographic Anatomy n.a. F.I Valker, Saint-Petersburg State
Pediatric Medical University, 2 Litovskaya str., St. Petersburg, 194100, ORCID: 0000-0002-1112-6960, irbulat@mail.ru;

Anna Anatolyevna Pasbko, MD, PhD, associate professor, Department of Operative Surgery and Topographic Anatomy n.a. F.I Valker, Saini-Petersburg State Pedi-
atric Medical University, 2 Litovskaya str., St. Petersburg, 194100, ORCID: 0000-0002-6413-0113, kaf.oxta@mail.ru.

59

SPINE DEFORMITIES




HIRURGIA POZVONOCHNIKA 2020:17(1):54-60

AV. KOSULIN ET AL. APPLICATION OF THREE-LEVEL NAVIGATION TEMPLATE IN SURGERY FOR HEMIVERTEBRAE IN ADOLESCENTS

00

SPINE DEFORMITIES



