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Objective. To explore results of transpedicular screws insertion in extremely small pedicles using two-part navigation template.
Material and Methods. Eleven consecutive patients with spinal deformities were included in the study. During surgery pedicle screws were
implanted using two-part navigation templates with metallic adapter that allow to guide screw insertion as well as pedicle drilling (total
of 98 screws including 60 screws in pedicle width lesser than 3.5 mm). Retrospective control group consisted of 46 patients treated using
common design navigation templates that guide pedicle drilling only (total of 294 screws including 106 screws in pedicle width lesser than
3.5mm). Malpositions with “empty” correct transpedicular channel and without one were reported separately.

Results. In extremely small pedicles malposition without “empty” transpedicular channel (due to navigation template misplacement) rates
were similar in both groups (8.3 % vs. 8.5 %; p > 0.05). Meanwhile malposition with “empty” transpedicular channel (because of secondary
screw deviation) rate was significantly less in two-part template group than in common design template group (3.6 % vs. 17.5 %; p < 0.05).
Conclusion. In pedicle width less than 3.5 mm application of two-part navigation template guiding transpedicular channel drilling and screw

insertion allows to reduce the rate of malposition due to secondary screw deviation significantly, while the difference in malposition rate be-

cause of template misplacement is insignificant as compared with navigation template of common design.
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Numerous studies [1-3] have confirmed
the efficiency and safety of patient-spe-
cific navigation templates for bone canal
formation during pedicle screw place-
ment. However, in some series, the mal-
position rate reaches 7-8 % [4-0]. Analy-
sis of our own findings showed that most
malpositions occurred when screws were
placed in vertebrae with extremely small
pedicles (less than 3.5 mm) [7]. Two
types of malposition were also revealed:
with and without a clearly detectable
“empty” correct transpedicular channel
near the screw (Fig,. 1).

This finding resulted in the following
working hypothesis: deviation from the
planned trajectory may occur directly
during screw placement, and modifi-
cation of the navigation template to
control both channel formation and
implant guidance would reduce the
incidence of malposition at extremely
small pedicles.

The objective is to explore results of ped-
icle screw placement in extremely small ped-
icles using a two-part navigation template.

Material and Methods

The study included 11 patients aged
11-17 years (all female) with spinal
deformities who underwent transpedic-
ular implantation using two-part navi-
gation templates during surgery (a total
of 98 screws, including 60 screws insert-
ed into vertebrae with extremely small
pedicles). As a control group, we used
retrospective data from 46 patients aged
9-17 years (15 males, 31 females) who
underwent implantation using stan-
dard design templates that controlled
only transpedicular channel forma-
tion (a total of 294 screws, including
106 screws in pedicle width less than
3.5 mm). Preoperative CT imaging was
used to assess the pedicle width. The
implantation outcomes were evaluated
on control postoperative CT scans using
the 2-mm increment grading system
[8]. The screws were considered to be
correctly placed if they were located
intraosseously or penetrated the medial
cortex of the pedicle by less than

27

2 mm. In the case of malposition, the
presence or lack of an “empty” correct
transpedicular channel on CT was
reported additionally.

The results were compared both as a
whole for the study and control groups
and separately for four intervals of pedi-
cle width (less than 3.5 mm, 3.5-5.9 mm,
0.0-74 mm, 7.5 mm and more [7]). The
proportion of misplaced screws without
an “empty” channel out of the total num-
ber of implants was compared between
the groups to account for the different
types of malposition separately. When
comparing the rate of malposition with
the presence of an “empty” channel,
cases without one were excluded from
the sample. To identify the possibility of
considering the occurrence of incorrect
implantation in a certain interval of the
pedicle width insignificant, a comparison
was made with a virtual control group in
which all screws were placed correctly.

A pedicle width was compared
between groups as a whole and with-
in two smaller intervals. Because of the
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small sample of vertebrae with pedicle
width of 6 mm or more, comparisons in
these intervals were not performed.

Designing a two-part navigation tem-
plate. The previously described two-level
navigation template [9] was taken as a
basis (Fig. 2a). The tubular guides were
modified to form cylinders with an axial
channel with a diameter corresponding
to the pedicle screw head. Notches were
made in the supporting pad to prevent
conflict between the screw and the navi-
gation template (Fig. 2b).

Furthermore, an adapter was designed
and manufactured of metal (SLM tech-
nology), allowing to use the same tem-
plate to drill the transpedicular channel
(Fig. 3).

Technigue of transpedicular implan-
lation. After skeletonization of the pos-
terior vertebral structures planned for
implantation, the supporting pad of a
template was placed on them. An adapt-
er was placed in each navigation guide
in turn, and transpedicular channels
were formed using a drill (Fig. 4a). After
the adapter was removed, screws were
placed along the guides (Fig. 4b).

Statistical processing of the data.
The Mann-Whitney U test was used to
compare the pedicle width in the study
groups. The comparison of implantation
outcomes was performed using Pearson’s
chi-squared test and Fisher’s exact test.

Fig. 1

Malposition with an “empty” correct
transpedicular channel (marked with
an arrow)

Results

Differences in the incidence of malpo-
sition between groups were general-
ly insignificant; significant differences
were proved only for the interval of ped-
icle width less than 3.5 mm (Table 1).
The incidence of incorrect implantation
in the interval of 3.5-5.9 mm was found
to be negligible in both groups (when
compared to virtual control groups
without malposition; p > 0.05).

Comparison of the width of the ver-
tebral arch pedicle in the groups showed
that the size of the pedicles was signifi-
cantly larger in the group with the navi-
gation template of conventional design
than in the study group. No significant
differences were confirmed when com-
paring the pedicle width in the inter-
vals less than 3.5 mm and 3.5-5.9 mm
(Table 2).

Matching of the incidence of different
types of malposition with a pedicle width
of less than 3.5 mm showed that mal-
position with an “empty” transpedicular
channel was significantly less frequent in
the group using the two-part navigation
template, while the incidence of malposi-
tion without this phenomenon was com-
parable (Table 3).

Discussion

According to the postoperative CT scans,
the various types of malposition are like-
ly to be based on two different mecha-
nisms. In malposition without an “emp-
ty” correct transpedicular channel, the
drill initially deviates from the planned
trajectory that probably associated with
a failure to position the navigation
template. The incidence of this
phenomenon at a pedicle width of less
than 3.5 mm is almost identical in both
groups (8.3 % and 8.5 %; p > 0.05), while
it is negligibly rare at greater vertebral
pedicle width. Thus, if the pedicle width
is sufficient, the possible shift of the
template is acceptable and does not
result in malposition. In this regard,
it is worth noting that a number of
previously reported series of 3D-assisted
implantations, in which 99-100 % of
the screws were appropriately placed,
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were performed in elderly individuals
suffering from degenerative conditions
for which the occurrence of small-
sized pedicles is uncommon [10-12].
The presence of an “empty” correct
transpedicular channel indicates that
the position of the template and the
drill progression were correct, but the
inserted screw subsequently deviated
from the intended trajectory. In order to
more correctly account for the incidence
of this malposition mechanism, we
compared the proportion of successtully
placed screws to successfully formed
transpedicular channels (the first type
of malposition was excluded from the
sample). A possible explanation for
the screw deflection from the correct
trajectory is as follows: although the use
of a navigation template provides for the
formation of a transpedicular channel
under unfavorable anatomical conditions
in more than 90 % of cases, this results
in perforation or significant thinning
of both the medial and lateral cortex of
the pedicle. Consequently, in the most
narrow area medial and lateral to the
correct transpedicular channel, false
passages separated by dense, sharpened
areas of bone tissue appear. And the
screw may slip into these passages during
subsequent implantation (Fig. 5).

The implementation of this mecha-
nism is particularly typical for screw
placement at extremely small values of
the pedicle width, but it is also possible
when placing into larger vertebral ped-
icles. The use of a two-part navigation
template that controlled both the forma-
tion of the transpedicular channel and
subsequent screw placement significantly
reduced the incidence of type II malpo-
sition compared with the control group
(3.6 % vs. 17.5 %; p < 0.05).

A number of classifications of the
vertebral arch pedicle based on preop-
erative measurements of their morpho-
logical parameters reflect a decrease in
the probability of successful implanta-
tion when the dimensions of the pedicle
decrease [13-17]. This correlates with
the data obtained in this study. It is note-
worthy that the differences in implan-
tation results between the groups as a
whole were not statistically significant.
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Fig. 2
Models of navigation templates: 2 — a template of a conventional design; b — modified
navigation template

Fig. 3
Metal adapter for forming a transpedicular channel

Fig. 4
Application a two-part navigation template: a — formation of a transpedicular channel
using an adapter; b — screw implantation
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However, a comparison of the width of
pedicles between the groups showed that
the width of the instrumented vertebral
pedicles was significantly greater in the
control group than in the study group:
3.90 [2.90-5.60] mm vs. 3.10 [2.50-4.10]
mm (p < 0.05). Meanwhile, when the
pedicle width was less than 3.5 mm, the
differences in morphometric parameters
between the groups were insignificant
that provided a reliable assessment of
the differences in the malposition rate.
This circumstance necessitates a cautious
approach to the results of comparative
studies which do not report the absence
of significant differences in the morphol-
ogy of the instrumented vertebrae. How-
ever, even in the absence of differences
in gender, age, pathology, and deformi-
ty extent, the comparability of pedicle
width is an assumption that does not
guarantee against sampling bias.

The vast majority of authors consider
3D assistance as applied only to transpe-
dicular channel formation. Nevertheless,
during the initial spread of 3D printing
in spine surgery, Sugawara et al. [18] pro-
posed an additional template for assisted
screw placement, which did not become
widespread. It was presumably due to
the need to prepare a duplicate number
of three-dimensional objects, as well as
the generally satisfactory results of using
navigation templates that do not control
the implant direction. The current study
provides grounds to say that under unfa-
vorable anatomical conditions, 3D-assist-
ed screw placement is necessary, and the
use of an adapter provides an opportuni-
ty to use a single template both for trans-
pedicular channel formation and directly
for placement.

One of the potential disadvantages
of plastic-made navigation templates is
the interaction of the relatively fragile
material with a metal drill that can dis-
rupt directional accuracy as well as result
in contamination of the surgical wound
with plastic chips. Despite the lack of
reports of complications associated with
partial destruction of the template by
the drill, some surgeons prefer to sup-
plement three-dimensional objects with
metal inserts in the area of the burr holes
(19, 20]. In our opinion, this approach
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Table 1

Incidence of malpositions in groups with application of navigation templates of different designs

Interval of pedicle
width

Two-part navigation

template

Template of Statistically

conventional design significant difference

Less than 3.5 mm 7/60 (11.7 %) 26/106 (24.5 %) p < 0.05
3.5—5.9 mm 2/32 (6.2 %) 4/108 (3.7 %) p >0.05
6.0—7.4 mm 0/3 0/39 —
7.5 mm and more 0/1 0/20 —
Total 9/98 (9.2 %) 30/273 (11.0 %) p >0.05
Table 2
Pedicle width of instrumented vertebrae
Interval of pedicle Two-part navigation Template of Statistically

width template

conventional design significant difference

Less than 3.5 mm 2.60 [2.00—3.10] 2.65 [2.20—3.00] p >0.05

3.5—-5.9 mm 4.30 [4.00—4.95] 4.50 [3.88—5.10] p >0.05

Total 3.10 [2.50—4.10] 3.90 [2.90—5.60] p<0.05
Table 3

Incidence of different types of malposition during implantation into the pedicles with width of less

than 3.5 mm

Type of malposition

template

Without an “empty”
transpedicular channel
With an “empty”

transpedicular channel

Two-part navigation

5/60 (8.3 %)

2/55 (3.6 %)

Template of Statistically
conventional significant
design difference
9/106 (8.5 %) p >0.05
17/97 (17.5 %) p < 0.05

unnecessarily complicates the technol-
ogy of the production of navigation tem-
plates, and the use of a reusable metallic
adapter is a better solution.

The modification of the navigation
template that prevents conflict between
the implanted screws and the support

pad involves the creation of cylindrical
notches in the latter that capture the
contact surface, thereby reducing the sur-
face area of the support. Yet, the absence
of significant differences between the
groups in the malposition rate associ-
ated with template dislocation indicate
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that this modification does not affect the
stability of the navigation device.

The most considerable limitation of
the two-part navigation template is the
dependence of its feasibility on the use of
a specific model of pedicle screws with
a certain head diameter. The reusable
metallic adapter can be replaced with
the required number of disposable plas-
tic ones, that, however, will require addi-
tional time and material in preparation
for surgery. Remarkably, the metallic
adapter was manufactured using addi-
tive SLM technology, and the same tools
were used for its development as for the
design of the patient-specific templates.
Therefore, additive manufacturing pro-
vides both the possibility of produc-
ing patient-specific navigation devices,
plastic materials [21], and implants [22]
with unique properties and offers a wide
range of opportunities for the develop-
ment of tools to meet the special tasks
of spine surgery.

Limitations of study validity: small
sample, retrospective control group data.

Conclusion

In pedicle width less than 3.5 mm, the
application of a two-part navigation tem-
plate (that guides pedicle screw insertion
through a previously formed channel
using a reusable metal adapter) allows
to reduce significantly the rate of mal-
position associated with screw deviation
from defined trajectory, without
significant influence on the incidence of
inappropriate implantation because of
template misplacement.

The study had no sponsors. The authors declare
that they bave no conflict of interest.

The study was approved by local ethics committee of
the institution. All authors contributed significantly
1o the research and preparation of the article, read
and approved the final version before publication.
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Fig. 5
Schematic drawing of the malposition mechanism with an “empty” transpedicular
channel

31

SPINE DEFORMITIES



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2024;21(4):27-33

AV. KOSULIN ET AL. TRANSPEDICULAR IMPLANTATION USING A TWO-PART NAVIGATION TEMPLATE IN EXTREMELY SMALL PEDICLES

References

wn

Sharma S, Pahuja S, Gupta V, Singh G, Singh J. 3D printing for spine
pathologies: a state-of-the-art review. Biomed Eng Lett. 2023;13:579-589.
DOI: 10.1007/s13534-023-00302-x.

Igbal J, Zafar Z, Skandalakis G, Kuruba V, Madan S, Kazim SF, Bowers CA.
Recent advances of 3D-printing in spine surgery. Surg Neurol Int. 2024;15:297.
DOIL: 10.25259/SNI_460_2024.

Katiyar P, Boddapati V, Coury J, Roye B, Vitale M, Lenke L. Three-dimen-
sional printing applications in pediatric spinal surgery: a systematic review. Global
Spine J. 2024;14:718-730. DOL 10.1177/21925682231182341

Senkoylu A, Cetinkaya M, Daldal I, Necefov E, Eren A, Samartzis D. Person-
alized three-dimensional printing pedicle screw guide innovation for the surgical
management of patients with adolescent idiopathic scoliosis. World Neurosurg.
2020;144:¢513-€522. DOL: 10.1016/j.wneu.2020.08.212.

Luo M, Wang W, Yang N, Xia L. Does three-dimensional printing plus pedi-
cle guider technology in severe congenital scoliosis facilitate accurate and effi-
cient pedicle screw placement? Clin Orthop Relat Res. 2019;477:1904-1912.
DOI: 10.1097/CORR.0000000000000739.

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
comparative study. Spine J. 2019;19:56-64. DOL 10.1016/j.spinee.2018.05.001.
Kosulin AV, Elyakin DV, Kornievskiy LA, Malekov DA, Vasil’eva AG, Baga-
turiya GO, Terekhina EV. The pedicle width predicts an accurate screw insertion.
Detskaya khirurgiya (Russian Journal of Pediatric Surgery). 2022;26(5):261-266.
DOL: 10.55308/1560-9510-2022-26-5-261-266.

Aoude AA, Fortin M, Figueiredo R, Jarzem P, Ouellet J, Weber MH. Meth-
ods to determine pedicle screw placement accuracy in spine surgery: a systematic
review. Eur Spine J. 2015;24:990-1004. DOL: 10.1007 /500586-015-3853-x.
Kosulin AV, Elyakin DV, Korchagina DO, Lukina NA, Shibuto-
va Yul, Kolesnikova ES. Transpedicular fixation of the spine with
two-level navigation templates for narrow pedicles. Russian Jour-
nal of Spine Surgery (Khirurgiya Pozvonochnika). 2021;18(2):26-33.
DOL: 10.14531/s52021.2.26-33.

. Matsukawa K, Kaito T, Abe Y. Accuracy of cortical bone trajectory screw place-

ment using patient-specific template guide system. Neurosurg Rev. 2020;43:1135-
1142.DOL 10.1007/510143-019-01140-1.

. Marengo N, Matsukawa K, Monticelli M, Ajello M, Pacca P, Cofano F,

Penner F, Zenga F, Ducati A, Garbossa D. Cortical bone trajectory screw
placement accuracy with a patient-matched 3-dimensional printed guide
in lumbar spinal surgery: a clinical study. World Neurosurg. 2019;130:¢98-e104.
DOL 10.1016/j.wneu.2019.05.241.

. Chen H, Wu D, Yang H, Guo K. Clinical use of 3D printing guide plate

in posterior lumbar pedicle screw fixation. Med Sci Monit. 2015;21:3948-3954.
DOI: 10.12659/msm.895597.

. Akazawa T, Kotani T, Sakuma T, Minami S, Tsukamoto S, Ishige M. Evalua-

tion of pedicle screw placement by pedicle channel grade in adolescent idiopathic
scoliosis: should we challenge narrow pedicles? J Orthop Sci. 2015;20:818-822.
DOL: 10.1007 /s00776-015-0746-0.

. Gao B, Gao W, Chen C, Wang Q, Lin S, Xu C, Huang D, Su P. What is the

difference in morphologic features of the thoracic pedicle between patients with
adolescent idiopathic scoliosis and healthy subjects? A CT-based case-control study.
Clin Orthop Relat Res. 2017;475:2765-2774. DOL: 10.1007 /s11999-017-5448-9.

. Jeswani S, Drazin D, Hsieh JC, Shweikeh F, Friedman E, Pashman R, John-

son JP, Kim TT. Instrumenting the small thoracic pedicle: the role of intraopera-

16.

17.

18.

19.

20.

21

22.

tive computed tomography image-guided surgery. Neurosurg Focus. 2014;36:E6.
DOL: 10.3171/2014.1.FOCUS13527.

Sarwahi V, Sugarman EP, Wollowick AL, Amaral TD, Lo Y, Thornhill B.
Prevalence, distribution, and surgical relevance of abnormal pedicles in spines with
adolescent idiopathic scoliosis vs. no deformity: a CT-based study. J Bone Joint Surg
Am. 2014;96:¢92. DOL: 10.2106/JBJS.M.01058.

Zhang Y, Xie J, Wang Y, Bi N, Zhao Z, Li T. Thoracic pedicle classification
determined by inner cortical width of pedicles on computed tomography images:
its clinical significance for posterior vertebral column resection to treat rigid and
severe spinal deformities - a retrospective review of cases. BMC Musculoskelet Dis-
ord. 2014;15:278. DOL: 10.1186/1471-2474-15-278.

Sugawara T, Higashiyama N, Kaneyama S, Takabatake M, Watanabe N,
Uchida F, Sumi M, Mizoi K. Multistep pedicle screw insertion procedure with
patient-specific lamina fit-and-lock templates for the thoracic spine: clinical article.
J Neurosurg Spine. 2013;19:185-190. DOI: 10.3171/2013.4.SPINE121059.

Liu K, Zhang Q, Li X, Zhao C, Quan X, Zhao R, Chen Z, Li Y. Prelimi-
nary application of a multi-level 3D printing drill guide template for pedicle
screw placement in severe and rigid scoliosis. Eur Spine J. 2017;26:1684-1689.
DOI: 10.1007/s00586-016-4926-1.

Toriya VG, Vissarionov SV, Manukovskiy VA, Pershina PA. Advantages
of using template guides in children for the correction of congenital spinal defor-
mities and thoracic anomalies. Pediatric Traumatology, Orthopaedics and Recon-
structive Surgery. 2024;12(2):217-223. DOL 10.17816/PTORS632132.

Filatova 00, Klimov AG, Seleznev BV. The usage of combination of tricalcium
phosphate and polylactic acid as materials for 3D printing of alloplastic blocks.
Pediatrician (St Petersburg), 2017;8:47-50. DOL 10.17816/PED8347-50.

Li P, Jiang W, Yan J, Hu K, Han Z, Wang B, Zhao Y, Cui G, Wang Z, Mao K,
Wang 'Y, Cui F. A novel 3D printed cage with microporous structure and in vivo fusion
function. ] Biomed Mater Res A. 2019;107:1386-1392. DOL 10.1002/jbm.a.36652.

Address correspondence to:

Kosulin Artem Vladimirovich

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

Received 21.11.2024
Review completed 29.11.2024
Passed for printing 04.12.2024

SPINE DEFORMITIES



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2024;21(4):27-33
AV. KOSULIN ET AL. TRANSPEDICULAR IMPLANTATION USING A TWO-PART NAVIGATION TEMPLATE IN EXTREMELY SMALL PEDICLES

Artem Viadimirovich Kosulin, MD, PhD, associate professor, Department of Operative Surgery and Topographic Anatomy n.a. F.1 Valker, St. Petersburg State Pediatric
Medical University, 2 Litovskaya sir., St. Petersburg, 194100, Russia, ORCID: 0000-0002-9505-222X, hackenlad@mail.ru;

Dmitriy Viktorovich Elyakin, pediatric surgeon, Surgical Department No. 2, St. Petersburg State Pediatric Medical University, 2 Litovskaya str., St. Petersburg, 194100,
Russia, ORCID; 0000-0002-6575-7464, dimaelkins@mail.ru;

Darya Alekseyevna Saburova, student, Pediatric Faculty, Si. Petersburg State Pediatric Medical University, 2 Litovskaya str., Si. Petersburg, 194100, Russia,
ORCID: 0009-0009-5175-9504, saburOva.d@yandex.ru;

Olga Andreyevna Gordievskikb, student, Pediatric Faculty, St. Petersburg State Pediatric Medical University, 2 Litovskaya sir., St. Petersburg, 194100, Russia, ORCID:
0009-0007-65601-8812, olgagordievskib@yandex.ru;

Arina Denisovna German, student, Pediatric Faculty, St. Petersburg State Pediatric Medical University, 2 Litovskaya sir., St. Petersburg, 194100, Russia,
ORCID: 0009-0005-3628-9437, arin.german@yandex.ru;

Irina Anatolyevna Bulatova, MD, PhD, associate professor, Department of Operative Surgery and Topographic Anatomy n.a. F.1 Valker, St. Petersburg State Pediatric
Medical University, 2 Litovskaya str., St. Petersburg, 194100, Russia, ORCID: 0000-0002-1112-690606, irbulat@mail.ru.

33

SPINE DEFORMITIES




